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1

About This Course
CompTIA is a not-for-profit trade association with the purpose of advancing the 
interests of information technology (IT) professionals and IT channel organizations; 
its industry-leading IT certifications are an important part of that mission. CompTIA's 
Data+ Certification is an early-career data analytics certification for professionals 
tasked with developing and promoting data-driven business decision-making.

This exam will certify the successful candidate has the knowledge and skills 
required to transform business requirements in support of data-driven 
decisions by:

•	 Mining data

•	 Manipulating data

•	 Applying basic statistical methods

•	 Analyzing complex datasets while adhering to governance and quality 	
	 standards throughout the entire data life cycle

CompTIA Data+ Exam Objectives

Course Description

Course Objectives

This course can benefit you in two ways. If you intend to pass the CompTIA Data+ 
(Exam DA0-001) certification examination, this course can be a significant part of 
your preparation. But certification is not the only key to professional success in the 
field of data analysis. Today's job market demands individuals with demonstrable 
skills, and the information and activities in this course can help you build your data 
skill set so that you can confidently perform your duties in any entry-level data 
analysis role.

On course completion, you will be able to do the following:

•	 Identify basic concepts of data schemas

•	 Understand different data systems

•	 Understand types and characteristics of data

•	 Compare and contrast different data structures, formats, and markup languages

•	 Explain data integration and collection methods

•	 Identify common reasons for cleansing and profiling data

•	 Execute different data manipulation techniques

•	 Explain common techniques for data manipulation and optimization

•	 Apply descriptive statistical methods

•	 Describe key analysis techniques

•	 Understand the use of different statistical methods

•	 Use the appropriate type of visualization

•	 Express business requirements in a report format

•	 Design components for reports and dashboards
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•	 Distinguish different report types

•	 Summarize the importance of data governance

•	 Apply quality control to data

•	 Explain master data management concepts

•	 Identify common data analytics tools

Target Student

The Official CompTIAData+ (Exam DA0-001) Guide is the primary course you will need 
to take if your job responsibilities include gathering and collecting data for use in 
reporting, research of visualization, and analysis within your organization. You can 
take this course to prepare for the CompTIA Data+ (Exam DA0-001) certification 
examination.

Prerequisites

To ensure your success in this course, you should have 18–24 months of hands-on 
experience working in a business intelligence, report/data analyst job role.

You should have a working knowledge of Microsoft Excel or a spreadsheet 
program. You should understand how to build basic math calculations, like add, 
subtract, divide, and multiply (basic arithmetic). You should know how to build 
basic functions like Sums, Average, and Count. You should understand the basics 
of sorting and filtering data sets in Excel or a similar spreadsheet program. You 
should have a working knowledge of how to build very basic pivot tables. You 
should have some understanding of databases and all knowledge toward 
understanding how databases designed will be helpful. You should have a basic 
understanding of how to build simple charts in using data. 

The prerequisites for this course might differ significantly from the prerequisites for 
the CompTIA certification exams. For the most up-to-date information about the exam 
prerequisites, complete the form on this page: www.comptia.org/training/resources/
exam-objectives.

How to Use the Study Notes
The following notes will help you understand how the course structure and components 
are designed to support mastery of the competencies and tasks associated with the 
target job roles and will help you to prepare to take the certification exam.

As You Learn

At the top level, this course is divided into lessons, each representing an area of 
competency within the target job roles. Each lesson is composed of a number of 
topics. A topic contains subjects that are related to a discrete job task, mapped 
to objectives and content examples in the CompTIA exam objectives document. 
Rather than follow the exam domains and objectives sequence, lessons and 
topics are arranged in order of increasing proficiency. Each topic is intended to be 
studied within a short period (typically 30 minutes at most). Each topic is concluded 
by one or more activities designed to help you to apply your understanding of the 
study notes to practical scenarios and tasks.

In addition to the study content in the lessons, there is a glossary of the terms and 
concepts used throughout the course. There is also an index to assist in locating 
particular terminology, concepts, technologies, and tasks within the lesson and 
topic content.

About This Course

viii  |  Preface
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Watch throughout the material for the following visual cues.

Student Icon Student Icon Descriptive Text
A Note provides additional information, guidance, or hints about 
a topic or task.

A Caution note makes you aware of places where you need to be 
particularly careful with your actions, settings, or decisions so that 
you can be sure to get the desired results of an activity or task.

As You Review

Any method of instruction is only as effective as the time and effort you, the 
student, are willing to invest in it. In addition, some of the information that you 
learn in class may not be important to you immediately, but it may become 
important later. For this reason, we encourage you to spend some time reviewing 
the content of the course after your time in the classroom.

Following the lesson content, you will find a table mapping the lessons and topics 
to the exam domains, objectives, and content examples. You can use this as a 
checklist as you prepare to take the exam and as you review any content that you 
are uncertain about.

As a Reference

The organization and layout of this book make it an easy-to-use resource for future 
reference. Guidelines can be used during class and as after-class references when 
you're back on the job and need to refresh your understanding. Taking advantage 
of the glossary, index, and table of contents, you can use this book as a first source 
of definitions, background information, and summaries.

How to Use the CompTIA Learning Center
The CompTIA Learning Center is an intuitive online platform that provides access 
to the eBook and all accompanying resources to support the Official CompTIA 
curriculum. The CompTIA Learning Center can be accessed at learn.comptia.org. 
An access key to the CompTIA Learning Center is delivered upon purchase of the 
eBook.

Use the CompTIA Learning Center to access the following resources:  

•	 Online Reader—The interactive online reader provides the ability to search, 
highlight, take notes, and bookmark passages in the eBook. You can also access 
the eBook through the CompTIA Learning Center eReader mobile app.

•	 Videos—Videos complement the topic presentations in this study guide by 
providing short, engaging discussions and demonstrations of key technologies 
referenced in the course. 

•	 Assessments—Practice questions help to verify your understanding of the 
material for each lesson. Answers and feedback can be reviewed after each 
question or at the end of the assessment. A timed final assessment provides a 
practice-test-like experience to help you to determine how prepared you feel to 
attempt the CompTIA certification exam. You can review correct answers and full 
feedback after attempting the final assessment. 

•	 Strengths and Weaknesses Dashboard—The Strengths and Weaknesses 
Dashboard provides you with a snapshot of your performance. Data flows into 
the dashboard from your practice questions, final assessment scores, and your 
indicated confidence levels throughout the course.

About This Course 

Preface  |  ix
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1

Lesson 1
Identifying Basic Concepts of  
Data Schemas

LESSON INTRODUCTION
Data analysts work with data, and often that data is stored in a database. This is 
why it is of the utmost importance that you understand the basic foundations 
of databases. For example, the type of database you’re working with can alter 
your decision-making as a data analyst, so it is crucial that you have a solid 
understanding of what differentiates relational from non-relational databases. 
Further, understanding how the tables in a relational database are designed 
and how the fields interact with each other will help you build necessary sets 
for analysis.

Lesson Objectives
In this lesson, you will do the following:

•	 Identify relational and non-relational databases.

•	 Understand the way we use tables, primary keys, and normalization.
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Topic 1A
Identify Relational and  
Non-Relational Databases

EXAM OBJECTIVES COVERED
1.1 Identify basic concepts of data schemas and dimensions.

Data analysts are usually tasked with working with databases, and not building 
them. However, a little time spent understanding the design theory will help you 
to understand and interpret the designs of databases. Here we will cover the key 
characteristics of the two main types of databases: relational and non-relational.

Relational Databases
If you are already a data analyst or data worker in some area of the world, then 
you have likely been exposed to relational databases and the software used to 
maintain them. If you haven’t, we’ll walk you through the basics. A relational 
database uses tables to store data that is captured. You might also note that this 
type of format is often referred to as tabular schema, due to the rows and columns 
it employs. Software that maintains relational databases is often referred to as a 
relational database management system (RDBMS). 

Tables are created with fields, often called field names, and each row is a record 
of data that represents the data of that table. For example, if you wanted to create 
a spreadsheet of all the employees in a company, you would create field names 
like first name, last name, and employee number. Then you would list on each row 
the person’s first name, last name, and their employee number, under designated 
columns. Tables in a relational database have two main design components: the 
field name and the data type, which we will explore deeper later in this course.

There is often a great amount of time spent designing a relational database. 
Database architects must determine what data needs to be stored and how to 
relate the tables of data to each other through relationships.

When you are using a relational database, you need to be able to retrieve the data 
that’s stored within. Structured query language (SQL) is the language used to 
query and manage data in a relational database. SQL is a programming language 
for data; it’s not a single software, which is important to remember. Just like any 
spoken language, there are different forms of SQL. For example, when using SQL in 
Microsoft, you are likely using T-SQL, which has additional coding elements that are 
specific to their software.

When data is retrieved from relational databases, there is usually some version 
of SQL involved in the process, whether you are coding it directly through SQL 
statements or using an interface that is coding it in the background for you.

Lesson 1: Identifying Basic Concepts of Data Schemas   |  Topic 1A
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Non-Relational Databases
A non-relational database, often referred to as NoSQL, is any alternative to a 
relational SQL database. This type of database addresses the need for web-based 
databases to handle large amounts of traffic and data, and are easier to scale for 
web applications.

A non-relational database does not use the same tabular schema (rows and columns) 
that you find in relational databases. Whereas a relational database contains tables 
with defined relationships, non-relational databases store their data in several 
different ways depending on the type of data required by a specific development. 
A non-relational database is more flexible than a relational database, and it is ideal 
for data that doesn’t fit into the more rigid structure of a relational database.

The way we retrieve data from non-relational databases also differs from the way 
we do this for relational databases. While relational databases require traditional 
SQL-based queries, you will often use different programming languages to retrieve 
the data you need from a non-relational database.

There are four basic categories of NoSQL databases.

•	 Document-oriented databases store data in XML documents or JSON. They 
are flexible in that they allow developers to reshape the data to meet the format 
needed for the application.

•	 Key-value stores store each value with a key value. This is similar to a table with 
just two columns: a field (key) and value.

•	 Column-oriented databases store data in columns rather than rows. This 
design can make for easier analysis in some cases, such as when counting the 
total number of orders.

•	 Graph stores store individual elements as nodes. This type of database is 
more complex and focuses on the relationships between data elements. In a 
graph database, the connections are first-class elements of the database and 
stored directly. You will often find that graph databases run side by side with a 
relational database.

Identify Key Differences between Relational and  
Non-Relational Databases
It is important to have a firm understanding of the foundational concepts of 
databases. As a data analyst, how data is designed and stored determines how you 
will access and work with data. There are a few key differences between the two 
types of databases that bear repeating to compare them directly.

Relational Databases:

•	 Relational databases have tables that store fields in columns, and rows of 
records that hold data in relational database management systems (RDBMS).

•	 Relational databases use primary and foreign keys to establish relationships that 
control how certain data relates to data in other tables.

•	 Relational databases leverage normalization techniques for optimal design. 

•	 Relational databases use traditional SQL language to query and handle 
transactions within the database.

•	 Relational databases expect data to fit within the tables that are designed for the 
database.

Lesson 1: Identifying Basic Concepts of Data Schemas   |  Topic 1A
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Non-Relational Databases:

•	 Non-relational databases are the alternative to relational databases and do not 
follow the same structural requirements of a SQL-based database.

•	 Non-relational databases are much easier to scale and build for web-based 
applications and do not require the same level of detailed planning and structure 
that relational databases require.

•	 Non-relational databases use various programming languages to retrieve and 
handle transactions within the stored data. 

•	 There are four categories of non-relational databases: document-oriented (the 
most prominent), key-value stores, column-oriented, and graph stores.

•	 Non-relational databases can store structured and non-structured data with 
more flexibility.

Relational Database Non-Relational Database
Contains tables that store fields in 
columns, and rows of records that 
hold data

Does not follow the same structural 
requirements as an SQL-based  
database

Uses primary and foreign keys to  
establish relationships that control how 
certain data relates to data in other 
tables
Leverages normalization techniques for 
optimal design

Does not require detailed planning 
and structure to build

Uses traditional SQL language to  
query and handle transactions within  
the database

Uses various programming languages 
to retrieve and handle transactions 
within the stored data

Expects data to fit within the tables that 
are designed for the database

Can store structured and non- 
structured data with more flexibility
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Review Activity:
Relational and Non-Relational 
Databases

Answer the following questions:

1.	 Which type of database should you use when you need a defined 
structure with relationships within the data?

2.	 What are the two main components of a table design?

3.	 Which type of database stores data in document format and uses XML 
or JSON?

4.	 What is the language that is used for relational databases?

5.	 Which type of database provides the most scalable and flexible option 
for web-based applications?
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Topic 1B
Understand the Way We Use Tables, 
Primary Keys, and Normalization

EXAM OBJECTIVES COVERED
1.1 Identify basic concepts of data schemas and dimensions.
2.3 Given a scenario, execute data manipulation techniques.
5.1 Summarize important data governance concepts.

When you’re working with tables in a database, it is important to know up front that 
the way the data is stored differs from the way we query it for reporting. Here we 
will dive into the way databases are designed in theory. We will discover the process 
of normalization, types of keys, types of relationships, and how these relationships 
impact the data in our systems.

Normalization
When a database is designed, the data is structured for optimal storage and use 
within the program. That means the data is normalized data. Have you heard the 
saying “everything has a place, and everything in its place”? That is, in a nutshell, 
what the process of normalizing data means. Normalizing data is a form of 
organization, and it supports the design by optimizing storage. Normalization  
of data also adds flexibility in working with the data to support the design of  
front-end interfaces.

We have tables that hold customer information, and we don’t store all the customer and 
salesperson data in the same table. Customer information goes to customer table, and 
salesperson data goes to a salesperson table.

As a data analyst, you hope to work with databases that have followed proper 
design theory and the principles of the normal forms. Most database designers will 
at least attempt to get data to the third normal form.

•	 The First Normal Form (1NF) eliminates redundant information in individual 
tables. Each set of related data will be stored in a dedicated table. Each table of 
related information will have a primary key assigned.

•	 In the Second Normal Form (2NF), related information that is applicable to 
multiple tables will have its own table and will be associated through the use of a 
foreign key.

•	 The Third Normal Form (3NF) eliminates fields that do not depend on a key. You 
will likely find that while some designs go to the 3NF, most do not.

•	 The less practical fourth and fifth normal forms are rarely used, so we won’t go 
into them here, but you should know they exist.
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The tables below provide some examples of different forms.

 
StudentID

 
FirstName

 
LastName

Tuition
Amt1

Tuition
Amt2

Tuition
Amt3

1000 Susie Baker 1,500.00 1,500.00 1,500.00
1001 Daniel Bishop 1,575.00 1,575.00 1,575.00
1002	 John Brown 1,475.00 1,475.00 1,475.00

Not Normalized

This table shows student data that is not normalized. The table has a column for 
every tuition payment, and it denotes each with a tuition amount and number. This 
would mean every tuition payment that ever needs to be created must have a field 
name. This is not a functional design or method.

StudentID FirstName LastName
1000 Susie Baker
1001 Daniel Bishop
1002 John Brown

First Normal Form (1NF)

This table shows how we would normalize student data to the 1NF by creating a 
single student record in a table. We eliminate redundant data (the tuition payments) 
and store that related data in a separate table.

PayID StudentID TuitionAmt
252 1000 1,500.00
253 1001 1,575.00
254 1002 1,475.00
255 1000 1,500.00
256 1001 1,575.00
257 1002 1,475.00
258 1000 1,500.00
259 1001 1,575.00
260 1002 1,475.00

Second Normal Form (2NF)

This table shows how we would normalize tuition payment data to the 1NF. Note 
that we now use a dedicated PayID, rather than repeating the tuition payment 
amounts. Further, the StudentID is how we identify the student in this second table, 
making it the primary key. Once data has been normalized, relationships between 
the data can then be established.

Relationships in Data
A relational database is “relational” because relationships are formed between keys in 
the tables. This design allows a unique identifier to be assigned to a record of data in 
the table, which distinguishes that record from every other record in that table. A key 
used to identify a record is referred to as a primary key. When a primary key is used in 
another table to refer to your record, it’s known as a foreign key.
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Suppose you’ve been accepted to attend a university. On your first day, you are 
assigned a student number that is unique to you. That number will identify you in 
your school’s other systems. If we are following the rules of normal forms, your 
student number will be associated with all records pertaining to you. For example, 
your student number, name, and address may be stored in one table, while your 
student number and tuition payment information will be stored in another table. 
There are several benefits of this design.

•	 The university can simply associate your student number, or key, to any 
necessary information.

•	 A change to student data will automatically carry over where it belongs.

If the school’s database was not designed using this normalization method, to refer 
to you in another table, they would have to retype all information about you each 
time. We call that redundant data. When there is redundant data, and a change 
needs to be made, that information would need to be manually changed in many 
different places.

Imagine how big payroll records would get over a five-year period if each employee’s 
information had to be repeatedly typed in every time checks were issued. Not only 
would it take more time to do payroll, but it would also create more storage, and 
data quality would be questionable (because we all know how easy it is to mis-key 
information). 

Types of Relationships
Database tables that use primary and foreign keys to create relationships have 
varying levels of cardinality, which describes how many possible occurrences of 
one entity (record in a table) can be associated with the number of occurrences in 
another (records in another table).

One-to-One Relationship

A one-to-one relationship means that one record in a table will be associated with 
only one record in the other table. In a one-to-one relationship, the primary key in 
the first table is often the primary key in the other table as well. 

One-to-One Relationship in Microsoft Access (Used with permission from Microsoft.)
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Let’s walk through an example. Suppose when a student enrolls in school they 
are entered into the tblStudents table. The student record contains basic student 
information, like StudentID, date of birth, and other identifying information. If a 
student meets the initial score requirements needed for gifted services, a record 
will also be entered into the gifted entry table. The Student ID is the primary key for 
both tblStudents and tblGiftedEntry.

The symbols on the relationship line indicate the type of relationship that exists 
between these two tables. There can be only one record per student in tblStudents 
and only one record per student for GiftedEntry. Thus, the cardinality of the two 
tables is a one-to-one relationship.

One-to-Many Relationship

In a one-to-many relationship, a primary key is joined to a foreign key, meaning 
there is one record (in the table in which the key is primary) associated with 
multiple records in other tables (in which the key is foreign)). 

One-to-Many Relationship in Microsoft Access (Used with permission from Microsoft.)

Suppose each time our student enters into a new school year, we use their 
StudentID from the student information table to associate them to their new 
enrollment record in the tblEnrollment table. StudentID is a primary key in 
tblStudents but a foreign key in tblEnrollment. That means we have one record 
for each student in tblStudents, and we have as many enrollment records for that 
student as years they are enrolled. (If this student went to school for five years, 
we would have five records to represent each year they were enrolled.) On the 
diagram, you see a “1” next to tblStudent and an infinity symbol near tblEnrollment. 
These symbols represent the cardinality. There can only be one record in 
tblStudents for a student, but an infinite number can exist for that same student in 
tblEnrollment, and thus this is a one-to-many relationship.
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Many-to-Many Relationship

A many-to-many relationship means that you have many records associated with 
many other records. Data tools can’t resolve a many-to-many relationship without 
the use of another table that uses the associated keys from each table to serve as a 
bridge.

Resolving a Many-to-Many Relationship with a Junction Table in Microsoft Access (Used with 
permission from Microsoft.)

Suppose our student records management system also tracks participation in 
extracurricular activities. Many students are involved in more than one activity; 
for example, a student who is in band and on the debate team. There are also 
many other students in band and on the debate team with this one student. The 
tblExtracurriculars table uses the ExtracurricularID field to identify the activity along 
with the Extra_Name field, which allows us to identify which student is participating 
in that activity. We also have each student’s basic information in tblStudents. 
One record represents the activity (tblExtracurriculars), and one represents the 
student (tblStudents). In order to allow many students to do many extracurricular 
activities, we have a bridge table, tblExtraAssignments, that contains the two fields 
from our separate records (ExtracurricularID and StudentID). StudentID from the 
main student information table. On the diagram, the many-to-many cardinality is 
represented by a “1” next to our two single records and an infinity symbol next to 
our bridge table, tblExtraAssignments.

In the bridge table, the Extracurricular ID is called ExtraID. This is the same data, but 
has a different name. While you would hope that the names would be consistent, this 
isn’t always the case and something you should be aware of as a data analyst.
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Referential Integrity
A database design that uses primary and foreign keys to set relationships between 
records must also establish referential integrity. Referential integrity ensures 
that a foreign key definitively has a primary key in the related table. Let’s revisit the 
one-to-one relationship in our student information example. We have one student 
record that represents a student in the main student table, and one student record 
for that same student in the gifted table. Referential integrity guarantees that the 
StudentID must exist in one table (such as the main student table) before a record 
can be created in the other table (the gifted table).

Referential integrity helps to prevent the occurrence of bad or missing data in any 
of the tables in the design. In short, it ensures that database users are not allowed 
to add records when a related record doesn’t exist. Let’s return to our student 
example. If the database did not have referential integrity, someone could add a 
gifted services record for a student who does not exist. With referential integrity, 
you would not be allowed to add a gifted services record for an unknown student.

There are additional settings that can be established when referential integrity is 
set. These options will affect how data updates and/or will delete data across the 
related tables.

•	 Cascade update: When a primary key is changed and cascade update is 
enforced, the primary key will change in all other related tables. The benefit to 
this design is that you do not have to identify all the records in the various tables 
that use the key and manually update them.

•	 Cascade delete: When a primary key record is deleted and cascade delete is 
enforced, all records in various tables that are related to the record through that 
key will be automatically deleted. 

Think about how student information might change over a four-year period. 
They may move to a new apartment, change their name, or change their phone 
number. Now suppose a student’s primary key is a random number followed by 
the first three letters of their last name. When that person’s last name changes, 
the key must also change. When referential integrity has a cascade update 
setting, that key only needs to be updated with the first three letters of the new 
last name in one place; the update will cascade to all other records. Similarly, if 
a student drops out of the university, the cascade delete setting ensures that all 
records relating to the student are deleted when the key is deleted. Due to the 
permanent nature of cascade delete, you will likely find that it is not set on many 
relationships. In our example, the enforcement of cascade delete could mean we 
lose all the historical records of a student’s tenure. So while this option may be set 
on some relationships, it is used less frequently than the more convenient cascade 
update setting.

As a data analyst, you are not likely to be designing databases. You merely need to 
know what referential integrity means to a design. If a database is designed without 
these integrity rules, you might find gaps in the data due to people making additions 
without following the order of data entry, or deleting information while leaving related 
information behind. 
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Denormalization
Data that is not properly designed using normalization would be referred to as 
denormalized data. When data is not structured into tables using normalization, 
you will find lots of redundant and repetitive data.

Consider the example below. For every tuition payment, student information—
such as student ID, first name, and last name—is entered into the table. This is an 
example of denormalized data because the student information is manually keyed 
in and repeated each time a tuition payment is made.

Example of Denormalized Data in Microsoft Excel (Used with permission from Microsoft.)

It’s important to understand there are other reasons for denormalized data to exist 
that are not related to design flaws in the data entry process. Data analysts actually 
denormalize data for the purposes of analysis quite regularly through querying. The 
process of querying involves gathering data from all the different single source tables 
and joining that information together for the purposes of data warehousing, data 
mining, analysis, and visualization. The end result in the data set appears denormalized. 
Normalizing data breaks it down, but denormalization brings it back together.

Let’s revisit our student data example. If we were asked to produce a list of 
meaningful data that shows each student and all their tuition payment records, 
we’d see a lot of repetitive data. We don’t want to store the data that way, for 
obvious reasons, but for reporting purposes we need that redundancy so we can 
create appropriate reports with all the necessary information. As you go through 
this course and begin to understand how we join data together, you will be 
performing denormalization. 

In the work that we do as data analysts, we don’t always use the formal terms of 
"normalizing" or "denormalizing" data. In general conversation, we say that we are 
joining data, or querying data with joins.
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7

Review Activity:
Tables, Primary Keys, and 
Normalization

Answer the following questions:

1.	 Which elements of a database are necessary in order to establish 
relationships between tables?

2.	 To ensure data updates effectively across tables, what can be set on the 
relationships between tables?

3.	 When the design of the data forces a person to repetitively enter the 
same information over and over, this data would be considered ______.

4.	 A database architect creates a design in which a table has a primary key 
and associated fields. This is an example of what type of design theory?
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Lesson 1
Summary

After reading this lesson, you should be able to identify the key differences between 
relational and non-relational databases, such as the structure and scalability 
of designs. You should also be able to recognize whether data is normalized or 
denormalized, and understand the benefits of each. 

As a data analyst, you will not find yourself designing databases for enterprise 
organizations but rather using the data from these systems as designed. However, the 
more you discover about design theory, the easier it becomes to investigate the databases 
you work with and recognize what you may need to do with the data they store.

Guidelines in Understanding Data Schema

Consider these best practices and guidelines when familiarizing yourself with the 
databases you will be using in your analysis.

1.	 Identify what types of databases you’re working with (relational or non-
relational, or both).

2.	 Identify the different technologies the organization has adopted.

3.	 Familiarize yourself with the tables, views, and relationships that exist within 
the databases you have permission to view.

4.	 Understand the cardinality or types of relationships (one-to-one, one-to-many, 
many-to-many) that exist in the tables.

Practice Questions: Additional practice questions are available on the CompTIA  
Learning Center.
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Lesson 2
Understanding Different  
Data Systems

LESSON INTRODUCTION
Learning about common types of database processing and storage systems 
will help you understand the different types of structures and schemas you will 
encounter in your work as a data analyst. You don’t have to know everything 
about all of these data systems, as they are controlled by other data roles in an 
organization. However, you will be accessing data stored and/or processed with 
these technologies.

Lesson Objectives
In this lesson, you will do the following:

•	 Describe types of data processing and storage systems.

•	 Explain how data changes.
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Topic 2A
Describe Types of Data Processing  
and Storage Systems

EXAM OBJECTIVES COVERED
1.1 Identify basic concepts of data schemas and dimensions.

As a data analyst, you will work with data that is stored in different types of data 
management systems. Data analysts will also sometimes have access to the source 
systems that provide data to these management systems as part of their role to 
identify and validate data. All these technologies work with data at different points. 
Further, having a firm understanding of the basic data schemas will help you 
identify how the data has been joined together, ultimately informing your work as 
an analyst.

Types of Data Processing
There are two types of processing in the world of databases:

•	 Online transactional processing (OLTP) is a class of software that allows 
large numbers of database transactions in real time, typically over the internet. 
A database transaction is any change to data in a system, whether it’s an 
insertion, deletion, or query.

•	 Online analytical processing (OLAP) is a class of software that allows complex 
analysis to be conducted on large databases without negatively affecting 
transactional systems.

Every day, people perform transactions that are processed with OLTP. One familiar 
example is using an automated teller machine (ATM). When you make a balance 
request of the ATM, you are querying the database that holds the information of 
your account. When you make a deposit or withdrawal, you are creating a record 
of that transaction. A key benefit of using the ATM is that you can log into your 
banking account online and see that this transaction has occurred.

The group or organization that owns the ATM needs to analyze the data for all 
of the transactions that occur. Even doing the most basic analysis (e.g., sums or 
counts) of billions of transactions is tough for an Excel spreadsheet. You wouldn’t 
even consider trying to analyze data this way, and your machine would likely not 
be able to handle it. This is where OLAP comes into play. This technology allows a 
high volume of data to be analyzed more effectively because it is meant to handle 
massive transactions from OLTP. 

Source Systems 
A source system is the system of record (i.e., information storage system) for any 
given data element or piece of information. It’s dedicated to a particular type of 
information, and the term “system of record” implies that the system holds the 
absolute truth of that data; that is you can trust this system to be correct.
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Organizations have a wide variety of source systems. Examples include systems for 
accounting information, payroll, human resources, and more. When an organization 
has a high volume of data, they will implement master data management software 
and policies to create a single source of truth for their dimensional data. A source 
system is often the first entry of any given information. For example, accounting 
systems help support what an organization will need to meet IRS regulations. 
Human resource systems are dedicated to the people that work at an organization 
and are meant to support the different processes centered around people. A 
Customer Relationship Management (CRM) system is a system of record and source 
system for all the customer relationship aspects. These different source systems are 
dedicated to specific functions and processes within an organization. If we didn’t 
have source systems dedicated to processes, someone would have to build a single 
data system that covers all processes within an organization. That would be a major 
undertaking and honestly financially impossible to maintain for most organizations.

Let’s consider a company that sells a product. This company will likely have a 
dedicated system or systems that support that effort. All information regarding 
the sale of the product is interrelated, even if it is located in entirely different 
systems. For instance, some of the employees in the HR system are salespeople 
in the product source system, while others who support the production, shipping, 
or receiving of products are in the production source system. Because the 
organization has multiple sources of information, and each source system is likely 
not connected to the other source systems, there is a disconnect in the reporting 
and data needs of the organization that can be solved with the use of a data 
warehouse.

Data Warehouses and Data Marts 

Data Warehouses

A data warehouse is a technology that is dedicated to the storage of company data 
from a wide range of sources for reporting and decision-making purposes. Data 
warehouses unify and hold the data from multiple source systems. Different data 
from different systems can be queried together without impacting the performance 
of the separate source systems. The advent of the data warehousing model gives 
us a reporting model that overcomes the gap in reporting while still allowing each 
source system to do what it is defined to do.

To learn more about the valuable concepts of data warehousing, you can explore 
Dimensional Modeling Techniques from The Data Warehouse Toolkit, Third Edition by 
Ralph Kimball. https://www.kimballgroup.com/data-warehouse-business-intelligence-
resources/kimball-techniques/dimensional-modeling-techniques/

Data warehouses provide a single source of truth, meaning the data in the 
warehouse is trustworthy, as there’s a lot of rigor involved in confirming what 
data should go into the warehouse, determining where that data comes from, and 
effectively relating the data for the use of reporting.
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Data warehouses can also leverage OLAP technology, making data processing more 
effective. For example, OLAP can summarize thousands of records far faster than 
traditional tools like Excel. The “heavy lifting” of the data work, such as grouping 
data by month and then totaling that data, can be done by OLAP technology 
through the use of OLAP cubes.

•	 These cubes are three-dimensional and provide data that is already grouped by 
different dimensions. Thus, when analysts access data, they can further analyze 
it without having to group and total it first.

•	 When an organization’s data warehousing professionals know the types of 
reports that are routinely run, they can use this knowledge to design cubes that 
support business intelligence requirements within the organization.

Note that some skills used by the professionals who build data warehouses are also 
shared and leveraged by data analysts. 

•	 Data analysts join data together through queries, gather data from different 
systems, and combine them for analysis.

•	 Data analysts will work with source systems and warehouses in their daily work.

We will cover these skills more deeply in the coming lessons.

Data Marts

A data mart is a subset of the data warehouse that is dedicated to a specific 
department or group. Data marts ensure that the data needed by a defined group 
of users is available to them. Data marts also ensure that data is secure and only 
available to the users who should have access to that data.

Imagine it this way: The data warehouse is like a shopping mall of data, and the 
data mart is a particular store in the mall. Unlike the stores in the mall, however, 
you can’t just walk into any data mart. Your access is controlled based on what data 
you need.

Data warehouses and data marts are structured, and that structure allows us to 
report on or build visualizations from data without requiring access to every single 
source system. Without a data warehouse, we would have to integrate all of the 
data from different source systems ourselves.

Schemas Used in Data Warehousing
Next, let’s delve more deeply into the structure of a data warehouse. In data 
warehousing, two common schemas are used to relate data tables to one another: 
snowflake and star schemas. These schemas get their names based on how they 
look when all the tables are structured. A key similarity between these two schemas 
is the use of fact tables and dimension tables. A fact table holds the “facts” 
about a particular business process or event (in most cases numbers, metrics, 
or measurements) and contains keys to relate to the other tables. A dimension 
table holds attributes or the categorical information that support the fact tables. 
The information contained within a dimension table gives us more information 
related to the fact table, thus providing us with a full set of data that will be 
more meaningful for the reporting of these facts. Both the snowflake and star 
schema use joins to relate these two types of tables, and both schemas also use 
normalization rules.
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Here is an example of a fact table named Fact_ProductSales. It contains the facts 
related to a sale: the product sold, the date and time the product was ordered, the 
customer who ordered the product, the salesperson who sold the product, and how 
much of the product was ordered.

Sample Fact Table Showing Keys and Facts

Next, let’s look at some examples of dimension tables that are related to the Fact_
ProductSales table. Note how these tables are used to meaningfully categorize data 
by customer, salesperson, and product. 

Dimension Tables with Details to Suppport the Fact Table

If you are currently an analyst who works with source data, the terms for fact tables  
and dimension tables are likely unfamiliar to you because you are used to working  
with queries on the actual tables by name. You likely do not call them fact or  
dimension tables. 

Now that we have covered the common elements of both schemas, let’s uncover 
the differences between them.

Star Schema

In a star schema, any related dimension tables are joined to a single fact table in a 
visual layout that looks like a star. It is one of the simplest schemas to use.
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Example of Star Schema

Snowflake Schema

A snowflake schema also features a single fact table joined to related dimension 
tables. However, unlike in the star schema, the dimension tables in a snowflake 
schema might also be tied to other dimension tables, creating the appearance of  
a snowflake.

Example of Snowflake Schema

DA0-001_Lesson02_pp015-028.indd   20 07/01/22   2:31 PM

LICENSED FOR USE ONLY BY: MUHAMAD SHAHRIZAL ARIS · 76712282 · DEC 27 2025



Lesson 2: Understanding Different Data Systems   |  Topic 2A

The Official CompTIA Data+ Student Guide (Exam DA0-001)  |  21

Data Lakes and Lakehouses

Data Lake

In the world of data and within an organization, we really only analyze a percentage 
of all the data that we collect. Organizations make a significant investment in 
software, storage, and reporting capabilities. However, they need a place to hold 
data of all types when it doesn’t follow the same rigid structure that is designed 
by databases and data warehouses. When data has been collected but is not yet 
ready for cleaning or analysis, it can be stored in what is called a data lake. Data 
lakes hold both structured and unstructured types of information, allowing an 
organization to store large amounts of data of all types in its original format. Data 
lakes serve as a kind of “catch-all” for data.

The biggest drawback of data lakes is that, unlike a data warehouse, there is less 
rigorous oversight of and control over how data is entered. That’s not to say that 
there is no data governance, but a data lake isn’t acknowledged as the single source 
of truth like a data warehouse. 

Data Lakehouse

All technologies have pros and cons. Data warehouses, although extremely 
powerful, require diligence in determining what goes in and where it comes from, 
and preparing that information for analysis. Data lakes capture large amounts data 
in holding, while waiting for those processes to be conducted.

Because the world of data is constantly evolving, new innovations can change the 
way we store and access data. The data lakehouse is a data management system 
that combines the best of both data warehousing and data lakes. Data lakehouses 
provide flexibility, like a data lake, and yet are often more cost effective than a 
data warehouse. Data lakehouses serve up information not only for data analysts, 
but also data scientists and data engineers. Data lakehouses support business 
intelligence and analytics projects in addition to machine learning and data science. 

While some companies will make use of these newer data technologies, other 
companies might still use databases or exports from their source systems. Your 
ability to access an organization’s data will likely be controlled by the information 
technology (IT) department, and you will be granted permission to the data that 
you need to access through some form of data governance plan. How you connect 
to any data source will be controlled by the technologies and software that your 
organization has adopted. Regardless, only after you determine where the data 
lives and how you access it can you begin to use it for further analysis.
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Review Activity:
Types of Data Processing and  
Storage Systems

Answer the following questions:

1.	 Which subset of a data warehouse holds data that is relevant to a 
specific department?

2.	 What is the most flexible storage system for holding large amounts of 
both structured and unstructured data?

3.	 In an organization, which technology holds a system of record, or is a 
software system dedicated to a specific task?

4.	 What choices do organizations have when they want to combine data 
from different source systems into one unified data management 
system?

5.	 What type of table stores information that is categorical for the use of 
reporting?

6.	 What are two common schemas that are used to relate data in a data 
warehouse?
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Topic 2B
Explain How Data Changes

EXAM OBJECTIVES COVERED
1.1 Identify basic concepts of data schemas and dimensions.

Now that we have discussed the different ways we process and store data, it’s time 
to understand how data changes in the systems from which you will be gathering 
it. Let’s dive into the concept of slowly changing dimensions and how it impacts the 
data you will be reporting. 

Overview of Slowly Changing Dimensions
As you have now learned, data warehouses capture data from multiple source 
systems. These source systems are active every day, so the data in the warehouse 
is consistently updated. When a data warehouse is designed, the data in the 
dimension tables will change based on the decisions made by the architects who 
design databases, and the fact tables will update as new facts are created (such as 
a new sale occurring). Data analysts are not typically responsible for making design 
decisions, but because of the way we analyze data, it’s important to understand 
how data changes.

Slowly changing dimensions are a way of updating dimension data. Dimension 
data is categorical data, and it doesn’t change as often as fact data does. To 
demonstrate, let’s consider two pieces of data for a business. A company sells a 
variety of products, which are named in a field called Product Name. Each time a 
new order is created, that order is given a purchase order (PO)number. The product 
name is dimension data because it doesn’t change often, but data related to the 
specific orders (such as quantity ordered) is fact data because it is continually 
changing. 

It may be hard to distinguish between fact data and dimension data at the beginning of 
your data journey. We tend to think of facts simply as being any true, verifiable pieces 
of information, so all data may seem like facts. When working with data warehouses, 
however, the general definition of facts in everyday life isn’t applicable. Dimension data 
does not change very often, but it is used alongside fact data that changes regularly.

There are three primary types of slowly changing dimensions:

•	 Slowly Changing Dimension Type 1 overwrites the existing value in a field of 
data with a new value and does not retain the history of that field.

•	 Slowly Changing Dimension Type 2 adds a new row for the new value and also 
maintains the historical record.

•	 Slowly Changing Dimension Type 3 adds a new column for the current value 
but also retains the original column with the original value. 

DA0-001_Lesson02_pp015-028.indd   23 07/01/22   2:31 PM

LICENSED FOR USE ONLY BY: MUHAMAD SHAHRIZAL ARIS · 76712282 · DEC 27 2025



Lesson 2: Understanding Different Data Systems   |  Topic 2B

24  |  The Official CompTIA Data+ Student Guide (Exam DA0-001)

The Impact of Slowly Changing Dimensions
Data warehouses often do not update in real time, but rather on a scheduled basis 
(such as once every 24 hours). Data warehouses often hold the entire history of 
data for reporting and business intelligence projects. How the data changes plays a 
major role in how the data is stored in the data warehouse. While dimension data 
doesn’t change as often as fact data, it does still change. How the data warehouse is 
designed to handle these changes is based on the slowly changing dimensions.

Let’s use an example to walk through how updates are made to dimension data for 
each of the three types of slowly changing dimensions. Our scenario is a company 
that sold a popular bike with the product name “Red Valley Bike” from January 2000 
to 2010. In 2011, the company decided to rename the product “Vibrant Valley Bike.” 
Here’s how that product name would be updated according to the different types of 
slowly changing dimensions.

1.	 Type 1 Slowly Changing Dimensions: This method overwrites the existing 
value (Red Valley Bike) with the new value (Vibrant Valley Bike). Every data 
set we generate from any point in time will now have the most current name 
applied—the previous product name will not be retained. Type 1 may be 
preferred if only the most current product name is needed, and the former 
name of the bike is no longer relevant.

Slowly Changing Dimensions Type 1

This change type means that every time we use the product ID A123, the associated 
product name will be “Vibrant Valley Bike,” even for data that was created prior to 
the name change (when the product was named “Red Valley Bike”). When we report 
on this table, we will establish a join from the product ID as a primary key to the 
product ID as a foreign key in the sales table. The key did not change, but the value 
of the product name did change. New sales records will only reflect the current 
information for that product name.

2.	 Type 2 Slowly Changing Dimensions: This method allows us to create reports 
showing that the product name was formerly “Red Valley Bike” for all historical 
reports between January of 2000 to December of 2010, even though the bike 
is now named “Vibrant Valley Bike.” Type 2 is preferred if it's important to 
have a record of historical data for the product name. As depicted in the next 
image, this method retains the record with the original product name and 
creates a record with the new product name, providing the most complete 
history of the product name. The records include start and end dates for each 
name of the bike.

Slowly Changing Dimensions Type 2

This means the data warehouse holds both the historical information as well as 
the current information. This type of slowly changing dimension provides you with 
the most detailed history for reporting and allows you to leverage the dates of the 
change to provide accurate information at that time in any of your reporting.
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3.	 Type 3 Slowly Changing Dimensions: In this method, a current value column 
would be created with the current product name (Vibrant Valley Bike), while 
the original column is retained and shows the old product name (Red Valley 
Bike). Unlike with Type 2, there is only a single record for the product using 
Type 3. It is important to note that Type 3 only maintains the last two changes 
made to the data. For example, using this method, if the product name 
changed a third time (e.g., to Vibrant Red Valley Bike), then the current name 
of the product and the last product name would be retained, but not the 
original product name.

Slowly Changing Dimensions Type 3

Using this method, a new column is added showing the previous name. If the bike is 
renamed again, this update would only capture the new product name (Red Vibrant 
Valley Bike) and the previous name (Vibrant Valley Bike). The original product name 
(Red Valley Bike) would be lost, meaning we lose some history for data in this field 
when it changes.

As a data analyst, you should learn to view data through the lens of Type 1, Type 2, 
or Type 3 slowly changing dimensions, because this understanding will help you to 
communicate what you can report historically. As you grow in your function-writing 
capability, you will learn to write logical functions that can help you return the 
appropriate information for whatever report you are writing. 
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8

Review Activity:
Explain How Data Changes

Answer the following questions:

1.	 What process does slowly changing dimensions describe?

2.	 Which type of slowly changing dimension is in use when a new record is 
added to account for a change to dimension data?

3.	 If the name of a product changes using Type 1 slowly changing 
dimensions, what impact would this method have on reporting prior to 
the change?

4.	 Which slowly changing dimension type provides the most complete 
history of dimension data, and why?
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Lesson 2
Summary

After reading this lesson, you should be able to identify transactional systems that 
leverage OLTP processing and analytical systems that leverage OLAP for complex 
analysis. You should also be able to identify the source systems of data at an 
organization. You should understand the differences between data warehouses, 
data marts, data lakes, and data lakehouses. You should also be familiar with 
dimension and fact tables, and two common schemas used for data warehousing: 
star and snowflake. You should be able to relate how data updates in a system, 
including the way that slowly changing dimensions impacts dimensional data.

Guidelines in Understanding Data Systems

Consider these best practices and guidelines when familiarizing yourself with the 
data systems you will be working with.

1.	 Identify the source systems in use at the organization.

2.	 Identify what technologies have been implemented for the purposes of 
storing and reporting on data. For example, do they use data warehouses, 
data lakes, data marts, or data lakehouses?

3.	 Recognize when data is updated at the organization, and what slowly changing 
dimension is set when dimensional data is changed.

Practice Questions: Additional practice questions are available on the CompTIA  
Learning Center.
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Lesson 3
Understanding Types and 
Characteristics of Data

LESSON INTRODUCTION
As data analysts, we must be able to identify the types of data we are working with, 
as this controls what we can do with the data. At the start of a project, our first goal 
is to determine the type of data at a high level. Then we approach the data at the 
most granular level, which is the field data type. We also must be able to control 
the data type to meet the needs of our analysis. The better you understand the 
different types and characteristics of data, the better you can approach each data 
set you work with. 

Lesson Objectives
In this lesson, you will do the following:

•	 Understand types of data.

•	 Break down the field data types.
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Topic 3A
Understand Types of Data

EXAM OBJECTIVES COVERED
1.2 Compare and contrast different data types.

The two major high-level types of data are qualitative and quantitative. A core 
understanding of each data type is crucial, because the type of data you’re working 
with controls what you can do with it and how you approach it. Here we will dive 
into what differentiates the two types of data and explore their characteristics.

Quantitative Data
Quantitative data is defined by the fact that it is portrayed through numbers, 
meaning it can have a numerical value (like price) or be measured (like weight, 
distance, or height). There are two main characteristics of quantitative data: discrete 
and continuous. The general rule is that discrete data can be counted and can only 
take on a certain number of values, while continuous data can be measured and 
can use any value.

For example, consider a survey that asks how many people live in a household. The 
number that respondents supply is discrete; the person responding can definitively 
count the number of people living in their house. Another point to consider is that 
discrete data is generally a whole number—a household can’t contain 2.5 people. 
When considering quantitative data, ask yourself if the data be counted. If it can, 
then it is likely discrete. Discrete data can only take on a certain number of values 
like the number of people in the household, where continuous data can take on 
any value.

Now suppose that same survey asks for the age, height, and weight of each 
person in the home. This quantitative data is continuous because the values can 
be measured. Continuous data can also be divided to be even more precise; for 
example, you could describe a person’s age right down to the millisecond.

When working with quantitative data, you can identify its characteristic by 
determining whether the data is something you can count (discrete) or something 
you can measure (continuous).

Qualitative Data
Qualitative data is defined by qualities of the data. Qualitative data is also known 
as categorical data because it can be arranged into groups/categories based on 
these qualities, but these qualities in and of themselves do not have a number 
value. Let’s go back to our survey example from earlier. We are asked for the 
number of people who live in the home; this is quantitative data. Suppose, however, 
that the survey next asks us to provide each person’s favorite color. This data 
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is qualitative because we are only able to count the person who answered that 
particular color, but not the color itself. The color red, for example, isn’t greater 
than or less than green. We can, however, add counts or averages to qualitative 
data. For example, we could count how many respondents said they liked a specific 
color and then apply averages to the counts for each category. Qualitative data 
consists of any text-based quality that does not inherently have a numerical value.

To dive deeper into the discussion on qualitative data, we need to understand 
the characteristics of this type of data: nominal and ordinal. Nominal data is 
information that has no natural order. In our survey example, the colors red, blue, 
and green are examples of nominal data. The data is categorical in nature (the 
answers are all colors) but does not have a natural order (one color is not greater 
than or less than another). Even though there is no natural order, the answers 
are different from each other: red isn’t blue, and blue isn’t green. Ordinal data is 
information that follows a natural order. Ordinal data is very similar to nominal 
data, but one key difference is that it has a naturally occurring order. Let’s go back 
to our survey example. Suppose after being asked for the number of people in the 
household, we are asked to provide the grade level in school for anyone under the 
age of 18. These responses would be ordinal because there is a natural order in 
which we obtain schooling. Children might skip a grade, but it doesn’t change the 
naturally occurring order.

The easiest way to distinguish if a category is nominal or ordinal is determining whether 
there is a natural order.

Why the Data Type Matters
So why does any of this matter to the analyst? The type of data you’re working with 
determines how you work with it. When you see categories of information arranged 
in a list or displayed in a chart, this data is categorical, or qualitative. To make 
qualitative data suitable for analysis, you will need to add counts, averages, or sums 
next to each category of information.

Categorical data (qualitative) will also be used to group data into variables for 
evaluation and statistical analysis to find insights on that category. If we are 
studying groups of people and their performance on a test. We may want to group 
them into categories like their gender, race, or other groupings that are needed for 
the analysis.

It’s important to remember that we frequently mix qualitative data with quantitative 
data for the purposes of analysis and visualization. We measure the color red 
(qualitative), but we can add a count of people who prefer that color (quantitative). 

As analysts, we work with both qualitative data and quantifiable data to highlight 
areas of focus and uncover possible issues in the data. Understanding the high-level 
data types, and being able to use both, helps drive decision-making.
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3

Review Activity:
Types of Data

Answer the following questions:

1.	 What two types of data are at the highest level?

2.	 Suppose a survey asks respondents for their level of education. This 
would be considered qualitative data with which characteristic?

3.	 If you ask people to tell you their favorite tv show, what type of data are 
you collecting?

4.	 When determining how much product was ordered over time, the 
quantity ordered is which high-level type of data?

5.	 When data can be measured, which characteristic of data is it?
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Topic 3B
Break Down the Field Data Types

EXAM OBJECTIVES COVERED
1.2 Compare and contrast different data types.

Each field of information in a table has a field name (which may or may not be 
meaningful) and a data type. No matter how you acquire your data, whether 
through spreadsheets, databases, or data warehouses, at some point you will be 
met with the data types for an individual field. Understanding which data types exist 
at a field level, and what they will or will not do, is critical for the analyst.

Introduction to Field Data Types
The field data type controls what type of information can be stored in that field. 
There are several different core data types: numbers, text, and dates represent 
most of the data that we work with. At the point you begin working with any given 
data set, you will want to first identify the field data types. These data types also 
have different attributes or characteristics, which we will explain next.

A field in a table can only be one of several data types, but the different software 
programs data analysts use can break these types down and surface even more 
attributes of the data.

Text/Alphanumeric Field Data Types
The most versatile of all the field data types for design purposes is alphanumeric. 
You may also see this referred to as “char,” “text,” or “string”; however, these 
all reference text data types. When this data type is set as a text data type it is 
alphanumeric which allows the field to store any type of letter and/or number 
within the field.

Text field data types hold qualitative data (categorical) which makes them great 
for grouping information. When we count these text-based fields they take on a 
fixed number of values. As a data analyst, you can have half of your results select a 
favorite color of red, but a single person can’t “half” select a value.

Its also important to note that what we see from a human perspective and what is 
defined by the database will not always be in sync.

As an example, consider the postal code. When you see 35007-0023, your first 
thought would likely be that this data type is a number. However, the dash that lies 
between the first five digits and the last four digits requires this field to be set as 
an alphanumeric data type. When conducting data analysis, you will spend quite a 
bit of time identifying the actual, defined data types controlled by the database and 
confirming what needs to be done with each field in order to use it in reporting. 
Unfortunately, what makes the alphanumeric data type versatile for design 
purposes makes it harder to work with as an analyst. Because the alphanumeric 
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data type is capable of catching everything, you may find that a lot of fields you 
expect to be a different data type are actually stored as text. 

Alphanumeric data types are character data types. They may also be described as text 
or string in most systems. The data type name itself is dependent on how that particular 
software names that data type, but they all refer to the same text strings.

Date Data Type
The date field data type is exactly what it sounds like; it captures dates. However, 
this data type also serves another purpose. Fields that are defined with a date 
data type can be used to not only capture a date and/or time in a field, but also 
to calculate other dates or other information from a date. For example, we can 
use the field that has a date field data type to pull information such as the month 
number, week number, or even day of the week. Suppose a company wants a 
report notification to be sent to the sales manager as soon as each order is placed, 
but the product ordering system was not designed to do this. If the order date is set 
as a date field data type, it can be used to calculate when that notification should 
be sent. This is why it’s so important that a database is set up with the proper field 
data types; there are different steps that we need to perform when reporting that 
are just not possible if the correct data types have not been used for the fields.

Number Data Types
At its most basic level, the number data type will not allow any text, as it only stores 
numbers (as you might expect). Use of the number data type allows for calculations. 
It is very important to use the number data type if you need to do any basic 
arithmetic in your reporting. Addition, subtraction, multiplication, and division all 
require the number data type.

The number data type has a variety of different attributes that can be applied 
depending on the type of number that is being stored. Each database system or 
data software will provide a variety of number data types, but they will all represent 
numbers.

Design View of the Table Production.BillOfMaterials from AdventureWorks2017 in Microsoft SQL 
Server Management Studio (Used with permission from Microsoft.)
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In this image, we see the design view of the BillOfMaterials table in 
AdventureWorks2017. If you review the data type column for the ID fields, you will see 
“int,” meaning integer. The field called BOMLevel is assigned “smallint,” meaning small 
integer. Its important to remember that database design considers storage and size. 
The difference between int and smallint for TSQL is the difference in storing four bytes 
of data in the field (int) versus two bytes of data in the field (smallint).

If your number data is stored as a text data type, then you will need to convert it to a 
number in order to use it within mathematical calculations.

Currency Data Type
The currency field data type is, of course, a number. It can be a number data type 
that is simply formatted to be displayed as currency with a currency symbol and 
decimal places, or it could be a field that is assigned a currency data type. When you 
are dealing with currency, it may be preferable to use the currency data type over a 
basic number data type formatted to look like currency.

Defining numbers as currency, with field data types like “money” or “smallmoney,” 
enables the use of currency symbols for a particular geographical area. This is 
especially important for organizations that serve a worldwide audience and thus 
conduct international sales across countries that utilize different currencies.

Boolean Data Type
The Boolean data type is commonly used for Yes/No, True/False, and On/Off 
responses. It is represented by a number that is either 1 or 0. Each system will have 
its own defined way of working with the Boolean data type.

You may also see data that uses the Boolean data type expressed as 0 or 1, and in some 
data software may appear as a 0 or −1.

Data Type Conversion
Field data types are controlled by the database’s design, and thus their usefulness 
hinges on the database designer recognizing the varying data types and 
understanding the importance of being intentional with the choice of each field 
data type. However, sometimes the database designer does not set the most 
suitable field data types. When this occurs, as an analyst you may need to convert 
field data to different types. For example, if a database designer stores everything 
as text, you will likely need to spend time converting the data types as needed for 
the various reporting requirements. Suppose you need to perform mathematical 
functions with this data (such as addition or subtraction). You can’t calculate 
alphanumeric data mathematically, so you would need to use a conversion function 
to change the field data type to a number.

It’s important to remember that database designers and data analysts have 
different objectives. The designer’s goal is to optimize storage and design, whereas 
the analyst’s goal is to be able to easily and accurately report data. With that said, 
when a data type isn’t as you need it to be, you will need to convert it to the data 
type that’s appropriate to meet your requirements. For example, if a field containing 
a date is not set as the date data type, and you need various date calculations, 
then you will convert the field to the data type. We will address how you actually 
accomplish this task later in the course.
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Review Activity:
Field Data Types

Answer the following questions:

1.	 Why are field data types important to the data analyst?

2.	 Which field data type is the most versatile of all?

3.	 What feature controls what type of information is stored in a field?

4.	 Who defines the field level data type in the source system, and what can 
an analyst do if it is incorrect for the type of analysis required?

DA0-001-Lesson03_pp029-038.indd   36 06/01/22   7:22 PM

LICENSED FOR USE ONLY BY: MUHAMAD SHAHRIZAL ARIS · 76712282 · DEC 27 2025



The Official CompTIA Data+ Student Guide (Exam DA0-001)  |  37

Lesson 3: Understanding Types and Characteristics of Data 

5

Lesson 3
Summary

After this lesson, you should be able to recognize the type of data you are working 
with and understand the field data type. Data types matter to all data professionals, 
regardless of the role you play. You should recognize data that can be counted, 
summed, or averaged as quantitative data. You should also understand that 
categorical data can be grouped for further analysis and visualization. When 
assessing data types at the field level, it’s important that you are able to identify 
when the field data type is not suitable for your reporting needs, or when it fails to 
meet the standards that are set for your organization, so that you may transform 
the data type accordingly.

Guidelines in Understanding Types of Data

Consider these best practices and guidelines when familiarizing yourself with the 
different types of high-level and field data you will be working with.

1.	 Spend time discovering the data types that are assigned to the field data.

2.	 Document potential conversions of data that are needed (e.g., dates stored as 
text need to be converted to dates).

3.	 Remember that field data types might be identified differently based on the 
system that is reading the data.

4.	 Recognize that, as a data analyst, you typically can’t change the source system, 
but you can control the data types within the software you use to interact.

Practice Questions: Additional practice questions are available on the CompTIA  
Learning Center.
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Lesson 4
Comparing and Contrasting Different 
Data Structures, Formats, and Markup 
Languages

LESSON INTRODUCTION
Data can either be structured or unstructured. How we interact with that data 
varies: it might be through direct connections to the data or through exports of 
varying file formats. We will also likely encounter and work with data that has 
been marked up with different languages and standards, like XML and JSON. It is 
important to understand that the way we work with data is typically dictated by the 
way the data was designed.

Lesson Objectives
In this lesson, you will do the following:

•	 Differentiate between structured data and unstructured data.

•	 Recognize different file formats.

•	 Understand the different code languages used to read data.
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Topic 4A
Differentiate Between Structured 
Data and Unstructured Data

EXAM OBJECTIVES COVERED
1.3 Compare and contrast common data structures and file formats.

It’s important to understand that not all data is equal. The employee information 
captured by an HR system is vastly different from data in a social media platform 
(captured by a social media app). For example, the HR system is structured to 
account for all employees and their hire data information. However, while a social 
media post might have some structured information, like the date of the post 
and the user, if a video or image is added, it becomes unstructured data. We have 
thus far focused mostly on structured data—data that is structured into tables 
in a column and row format. But the world is also full of unstructured data. With 
the explosion of mobile devices and other tools that allow us to create videos and 
images with a click or a swipe, the world of unstructured data has fully integrated 
itself into our everyday lives. As a data analyst, you will likely work with both 
structured and unstructured data to some degree. 

Structured Data
When our data fits nicely into tables, we know we are working with structured 
data. Just as the name implies, structured data has structure. Consider fields 
of information that are easy to distinguish, fit neatly in a schema, and can be 
restructured to fit into other structured data systems (like data warehouses). When 
you think about databases and spreadsheets, you can immediately recognize 
structured data. We previously discussed different types of field data, such as 
numeric, alphanumeric, and date data types. These are all types of structured data.

Most people work with structured data at some point in their lives. When you view an 
Excel file or work in a SharePoint list, the information you're seeing has a structure and 
data type. That is structured data.

For the data analyst, working with structured data (or putting data into a structure) 
is an everyday part of the job. In an earlier lesson, we learned about relational 
databases. A relational database is the most traditional store of structured data, but 
it is not the only type—think of all the software you might use today that allows you 
to manually key in information. Even the information you provide when setting up a 
free email account is an example of structured data. 

Unstructured Data
Unstructured data is data that is not organized in a predefined manner to meet 
the standards for structured data. Unstructured data does not fit neatly into tables, 
but instead has undefined fields. It is important to consider that there is far 
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more unstructured data in the world than structured data. It cannot be stored in a 
traditional relational database and instead is stored in a non-relational database. If 
we want to work with unstructured data, we may use a data lake or blob storage. 
It is important to remember that there is still some structured data around 
unstructured data.

BLOB Storage is a framework designed to store large amounts of unstructured data, like 
video, audio, and text, and more effective for storage versus a database.

Let’s start with the most basic unstructured data type: image data. Image data is 
a prime example of unstructured data because while we can structure the data 
around an image, to truly know what’s in the image we must view it. Consider the 
CAPTCHA security measure, which requires us to identify what’s in a picture in order 
to log it into a website. The security measure knows we are not a machine when we 
respond accurately, because while a machine can read some data around an image, 
it can’t look at the image like a human does.

Videos are another type of unstructured data. While there is structured data 
surrounding the video—such as the title, running length, time of upload, and who 
uploaded it—we must actually watch the video to know what it is about. The same 
goes for audio;it must be listened to in order to gain full context. Other types of 
unstructured data include documents and even PDFs. These data types, while 
not the type of data that you commonly find and that is easily structured into 
databases, are still data.

There are also some significant challenges associated with the storage of 
unstructured data. The size of an image file is based on the quality of that image. 
An audio file’s size is based on both its quality and its length, and the same goes for 
video files. As you can imagine, finding space to store long, high-quality videos may 
be difficult for some organizations.

There are many examples of unstructured data in our everyday lives. For example, 
consider the reactions people have to a social media post. A company may post 
an image, video, or text to social media and want to know what the public thinks 
of their post. This data is important because the company can gauge how well a 
product or service might sell depending on how people react to the post. What 
people think of a post is unstructured data. To capture this data in its most basic 
form, a company would have to hire people to read every post and report on the 
information. Therefore, many social media sites have a reaction or “like” feature 
that allows companies to more succinctly determine what people think of the post. 
While what people think about a post is unstructured data, the number of “likes” a 
post gets is structured data. If you really think about it, you are likely to realize that 
there is far more unstructured data in the world than structured.

Unstructured data and structured data may have crucial differences, but both are 
useful in their own way. Consider the following scenario, in which we see both 
types of data being used. Suppose an organization that is hiring new employees 
receives handwritten applications and paper copies of the applicants’ résumés. 
Someone who works at the company scans that documentation into a system that 
converts the paper documents to PDF files and stores them. These two documents 
are unstructured data. The staff member of the company then creates a record 
in the Application Interview system, filling out the applicant’s name and contact 
information. The applicant’s PDF resume can even be attached to the record. The 
information entered into fields in the Application Interview system, such as first 
name and last name, is structured data. Thus, we are able to take unstructured 
data, in the form of a PDF resume, and turn some of it into structured data.
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There will always be unstructured data in the world. We as people produce a huge 
volume of unstructured data daily. Consider videos; many years ago, the only way 
to store video was on VHS tapes, and the only way to read VHS tapes was with a 
VCR player. Now almost anyone can record a video on their phone and upload it to 
the internet, where it can be watched on numerous devices. Unstructured data is 
here to stay, which is why we are always seeking ways to make it structured.

Semi-Structured Data
Semi-structured data is a mix of both structured and non-structured data. Emails, 
JSON files, XML files, zipped files, and even web pages (HTML) are examples of 
semi-structured data. Semi-structured data does not meet the rigid standards of 
structured data, so it cannot be stored in a relational database. However, semi-
structured data does contain some structure through the use of tags and attributes 
that group the data and describe its storage methods. These tags allow us to search 
for and view the data, and also help us to transform unstructured data into more 
structured data sets.
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3

Review Activity:
Structured and Unstructured Data

Answer the following questions:

1.	 Would data that is stored in a relational database be considered 
structured or unstructured data, and why?

2.	 Video, audio, and images are all examples of what type of data?

3.	 Is most data in the world structured or unstructured, and why?
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4

Topic 4B
Recognize Different File Formats

EXAM OBJECTIVES COVERED
1.3 Compare and contrast common data structures and file formats.

Based on what we’ve covered so far, or maybe from your own experience, you’ve 
likely realized that not all data comes to us in the form of a database. One of the 
key skills a data analyst must have is the ability to work with data in any format. It 
is extremely important to have a sound understanding of the file formats typically 
used for most data, as these formats will control how you will work with the data, 
what you will need to do to maintain the data, and what tools you can use with 
the data. When you are working with data in various file formats, you will need to 
import and export data. Importing data means you are bringing data into a system, 
and exporting means you are sending it out. Most software systems will allow you 
to export information, and the resulting file is typically formatted as a delimited file.

Delimited Files
Delimited files are files in which some form of character separates each field of 
data from the other data fields. If you have ever opened a text file and found it was 
full of commas, or even weird-looking spaces, this file was likely downloaded from 
a data system. The commas and spaces are characters intended to support the 
conversion of the data into a structured file format.

The most common type of delimited file is comma separated values (CSV). In this file 
format, each field of data is separated by a comma. If you were to open up a CSV file 
in Notepad or a text editor, you might see something that looks like this image.

Comma Delimited File Opened in Notepad (Used with permission from Microsoft.)
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In this image, the first line represents the column headings from the original  
CSV file.

It's important to remember that the data will not always come with headings.

When you look at all the lines in the image, you can see that each field is separated 
by a comma. The page break forms the notation for the record. For example, you 
will notice there is no comma after “MiddleName” but the next line begins with 1. 
Then there is a comma between each field of information before it moves on to the 
next line, and so on. This is what is considered a delimited file, and in this case, the 
delimiter is a comma.

There are multiple types of delimited files and formats. If you have a pipe delimited 
file, that means the | symbol separates fields of information. If you have a TAB 
delimited file, then the delimiter is a TAB. These are the most common delimited 
files, although you could see other types of characters.

Why We Use Delimited Files
Working with CSV or Tab delimited files has grown easier over the years. While 
it wasn’t always the case, tools like Excel will now automatically understand and 
interpret the data in a delimited file. If you have Excel installed on your machine 
and you open a CSV file, the file will automatically open in Excel, as opposed to a 
text editor (like Notepad or Wordpad). When you attempt to open a file that’s in a 
format Excel doesn’t recognize, the software will present you with an import option 
that lets you define the different information that is applicable to that file.

You can import the data in delimited files into Excel, and you can also export data 
out of Excel to save as other formats. When you are working with an Excel file, you 
would click the “Save As” option and choose the file type that you want to save the 
data to.

When you are exporting data out of Excel into a delimited format, with the plan to 
transfer the data to another system, the system you are transferring it to will define the 
requirements for you. 
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Flat Files
Delimited files that are exported out of a system are flat files. Flat files are not 
connected to the database; when the database updates, the flat file does not 
update. The flat file will continue to display the data as it was when you exported it. 
In order to see the updated data, you will need to export the file again. 

These days we have more capability to be connected to live data in real time. Many 
of the tools we use to connect to the data systems that store data provide real-time 
information, removing constraints of working with flat files. You will notice that 
different tools have different connections. For example, Excel can connect to an SQL 
database that you have permission to access, or you can connect to a SharePoint 
list to gather data.

Microsoft Excel O365 Get Data Command (Used with permission from Microsoft.)

This image shows the various database connections that are natively available  
to Excel.

There are also flat file databases where data can be structured into records that 
follow a uniform structure or design, but no relationships exist within the database; 
you need to manually look at the data to determine how to relate it. There are 
plenty of flat file databases in the world, the most popular of which are mainframe 
databases. Most of the flat file databases you hear about today were implemented 
decades ago. These flat file databases don’t have the same flexibility as a relational 
database, but for some organizations, modernizing these databases is a major 
undertaking. Changing out these older databases for relational (or even non-
relational) databases is extremely costly and runs the risk of interrupting processes 
that rely on the databases. 
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File Extensions
There are several different types of flat or delimited files. The table shown provides 
the file extensions and a brief description for the most common of them. The 
system that generates the flat file will either supply the file with the extension 
or give you an option to export in a certain format. When you plan to import a 
delimited file into a particular system or software, it’s important that you first 
identify which file type that system can read, and then save your file appropriately.

File Extension	 Information
.CSV (comma separated value) Comma separates the values
.CSV (comma separated value) with  
UTF – Encoding

Comma separates the values; this 
extension is preferred when dealing 
with web-based coding

.TAB (tab delimited) Tab separates the values

.TXT (tab delimited) When saving from Excel as a tab 
delimited file, Excel will generate the 
delimiter and line breaks as needed 
but use an extension of .TXT

.TSV (tab delimited) Tab separates the values

Common Delimited File Extensions

This is certainly not an exhaustive list, but the key takeaway is that different formats 
exist, and different programs read or require certain file types. If your file is not 
already in the acceptable format, you will need to convert it. 
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Review Activity:
File Formats

Answer the following questions:

1.	 What are some common delimiters you will likely encounter in  
text-based files?

2.	 What is the difference between importing and exporting?

3.	 What is a major drawback to working with CSV files?
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4

Topic 4C
Understand the Different Code 
Languages Used for Data

EXAM OBJECTIVES COVERED
1.3 Compare and contrast common data structures and file formats.

As a data analyst, you will encounter different languages that will impact the way 
you work with data. Some languages are dedicated to structured data, such as SQL. 
There are also markup languages that work with unstructured data, but these first 
need structure in order to be read by websites, web applications, and even other 
data systems. 

Structured Query Language (SQL)
The most comprehensive language is SQL, as this language provides syntax that 
is dedicated to working with data. One of the primary skills of a data analyst is the 
ability to query data, and just like the name implies, that is what SQL will allow you 
to do.

SQL statements provide information to databases (SQL databases, or even data 
warehouses) that allow data analysts to retrieve data from tables stored in the 
database. SQL statements not only query data, but also allow you to perform 
actions on the data. How extensively you use SQL as an analyst depends on your 
particular job role within the organization where you work. For most analysts, 
knowing how to use the basic SQL statement is an important first step.

SQL has a required syntax, but it is also important to understand that different versions 
of SQL do exist depending on the system you are using. For example, T-SQL, which 
stands for Transact – SQL, is used in software developed by Microsoft. Oracle also 
uses SQL, but it uses PL/SQL, or Procedural Language/SQL. When searching for syntax 
examples, it is helpful to look for the version of SQL that your particular software uses. 
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Let’s look at the universal SELECT statement, which has two required key words to 
query data: SELECT, which should list the fields you are interested in accessing, and 
FROM, the name of the table where the fields are stored. This particular statement 
selects information from a table called Person.

Basic SQL Select Statement in Microsoft SQL Server Management Studio  
(Used with permission from Microsoft.)

Additional statements can be added to the SELECT statement that will allow you 
to filter the data: the WHERE key word is first used to filter data, and the ORDER 
BY statement then sorts the results in ascending order by default. (To sort in 
descending order instead, you must specify that by including the desc after the 
ORDER BY and FIELD key words.)

The statements used to filter data should always occur in the same order; the WHERE 
key word cannot be placed after the ORDER BY key word. Key word order is important 
because the data system needs to filter the requested data before it sorts the data it’s 
displaying.
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This next SQL statement selects fields from the Person table, but only if the last 
name is Adams, as we have designated. Data is sorted by last name and then by 
first name.

Basic Select with Filter and Sort Statements in Microsoft SQL Server Management Studio  
(Used with permission from Microsoft.)

The order in which you lay out your fields does not have to match the sort order. The 
SELECT statement will control the layout order of your results, but the ORDER BY key 
word controls how the fields are sorted. These functions are independent of each other.

SQL also contains the syntax and key words to perform actions on data. You may 
need to use these techniques over time as you progress in your career, or they may 
be completed by the database administrators in your organization. Such actions 
might create tables, update fields of data, or append (i.e., copy) data from one 
location to another.

As you grow in your role as a data analyst, you will learn even more about the 
various features of SQL. In the early stages of your career, however, it’s important 
that you simply understand how to read the statements, even if you aren’t familiar 
with how to key the code. Like everything else, learning SQL takes practice and 
exposure. 
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HyperText Markup Language (HTML)
Created by Tim Berners Lee in the early 1990s, HyperText Markup Language 
(HTML) is a language dedicated to presenting data in a browser-based 
environment. We all experience the benefits of HTML every time we look at a 
web page on the Internet. HTML is derived from Standard Generalized Markup 
Language (SGML), which is considered to be the parent of all markup languages. 
SGML provides the standard that defines all markup languages and is also widely 
used for data structures.

HTML is considered a markup and tag language. It allows you to mark up any type 
of text for presentation on a web browser, which makes HTML suitable as the 
language of the web. The browser reads the HTML and produces a web page or 
website following the structure that is laid out in the code.

HTML has a set of predefined tags based on the HTML language (e.g., HTML, TITLE) 
so that when the browser sees those lines of code, it knows how to present that 
information and where. For example, you can create a text file with HTML tags and 
then open that text document in the browser to see the results.

It might be hard to imagine that as recently as 20 years ago, we developed web pages 
with very limited tools dedicated to designing the pages of the World Wide Web—we 
would literally code the HTML. Now there are many tools that use a graphical user 
interface (GUI, pronounced gooey) to design web pages, transforming the points and 
clicks you make into HTML for use in the browser. The original GUIs for HTML were 
FrontPage and Dreamweaver; WordPress is a well-known example that's used today.

The syntax of HTML involves the use of tags in the form of angle brackets to mark 
up a document intended to be displayed on a web browser. These tags typically 
consist of an opening tag (< >) indicating the start of an element and a closing  
tag (/ < >) indicating the end of the element, with the text content of the element 
enclosed between the two tags. As an example, the screenshot below shows a pair 
of these tags, both in the text document and how they appear in the browser. As 
you can see, the text between the tags is presented in the browser. 

Text Editor and Browser Side by Side

DA0-001_Lesson04_pp039-058.indd   52 19/01/22   1:53 PM

LICENSED FOR USE ONLY BY: MUHAMAD SHAHRIZAL ARIS · 76712282 · DEC 27 2025



Lesson 4: Comparing and Contrasting Different Data Structures, Formats, and Markup Languages  |  Topic 4C

The Official CompTIA Data+ Student Guide (Exam DA0-001)  |  53

For a more involved example, let’s create a product-pricing table in HTML for display 
on a company’s website. To create and organize an HTML table, the table must be 
declared with a <Table> tag. Each row of the table is designated with a <tr> tag, 
and each cell of data with a <td> tag. HTML presents the data using these simple 
markup tags, and the browser knows how to interpret and work with these tags, 
so we end up seeing a structured table of product-pricing information on the web 
browser.

Using Simple Table Tags to Create a Product List

Note that the HTML code does not distinguish between specific elements of the 
table, such as the first row of cells functioning as the table header, or that the first 
<td> tag in each row represents a product name. The logical organization of the 
table becomes more apparent when we read it on the browser.

Extensible Markup Language (XML)
Like HTML, Extensible Markup Language (XML) is also a text-based markup 
language that uses tags derived from SGML. Unlike HTML, the primary purpose of 
XML is to transfer data, not display it. XML also uses opening and closing tags, but 
one of the key differences of XML is that the “tags” are not defined by the language 
itself. Rather, the author can invent the tags and the structure. This ability allows 
the developer to tag the fields of data with something more meaningful.

As an example, consider the example of the product-pricing table from our HTML 
discussion. Rather than being limited to just using <TR> and <TD> tags, we can use 
more relevant tags with XML, as shown in the following example.
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XML Markup of a List of Products

The XML tag now indicates that this is a table containing “products.” Each product 
line has a product tag with an open and a close, and each field of data is tagged 
according to the data that it holds. We don’t need to see this content laid out in 
a table; we can easily read this code and recognize which fields are the product 
names and which are the product numbers, because each piece of data is tagged 
appropriately for what it represents. 

Developing XML markup may not be a typical task for most data analysts. There are 
tools dedicated to generating XML.

JavaScript Object Notation (JSON)
JavaScript Object Notation (JSON) is an object-oriented, event-driven 
programming language that allows us to interact with websites (as opposed to 
HTML, which simply displays information). JSON is a child of JavaScript and is based 
on the JavaScript language. With the advent of web applications, JavaScript has 
become one of the core languages of the World Wide Web. JSON is used to transfer 
information and interact with programming languages like JavaScript.

JSON and XML are alike in several ways. Both utilize tags or keys that are created 
by the developer and thus more relevant to the data. JSON and XML can both be 
read, parsed, and used by many programming languages. However, JSON has a 
more simplified coding syntax than XML, with fewer requirements, and it is not 
considered a markup language because it is object oriented.

These language concepts are extremely important for software developers, but as 
a data analyst, you just need a basic understanding of the code languages that you 
might encounter in your work. This could include XML, JSON, or both, depending on the 
decisions made by the development team for that software.
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Like JavaScript, JSON uses curly brackets for its syntax, and it does not require the 
opening and closing tags seen in XML and HTML. JSON is written using key value 
pairs. Let’s return to our product example. When we write the product list in JSON, 
the Product Name is an example of a key, and the associated value is “Adjustable 
Race.” The key value is always a text string. The value in the “value” section of 
the key value pair must be one of the following data types: a string, an object, a 
number, an array, Boolean, or null. 

Basic JSON for Product List

One element that makes JSON coding simpler is the ability to use an array (list of 
elements). In our JSON product list, the array is the list of the products. An array is 
noted using square brackets and contains comma-separated elements. The ability 
to use an array helps make JSON more streamlined than XML, which requires that 
each product have its own line of code. 
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5

Review Activity:
Code Languages Used for Data

Answer the following questions:

1.	 Which markup language is dedicated to the presentation of information 
on the web?

2.	 Which markup language supports the ability to use an array?

3.	 What language is used to write queries in a structured database 
environment?

4.	 Which markup language supports the transfer of data between systems 
and is a child of SGML?

DA0-001_Lesson04_pp039-058.indd   56 19/01/22   1:53 PM

LICENSED FOR USE ONLY BY: MUHAMAD SHAHRIZAL ARIS · 76712282 · DEC 27 2025



The Official CompTIA Data+ Student Guide (Exam DA0-001)  |  57

Lesson 4: Comparing and Contrasting Different Data Structures, Formats, and Markup Languages 

5

Lesson 4
Summary

After this lesson, you should be able to distinguish between structured and 
unstructured data. You should be able to recognize different file formats, like 
comma separated values and tab delimited files. The type of data and file format 
will affect the analyst’s work strategies, so it’s important to be very familiar with 
these concepts. You should also have a basic understanding of the various code 
languages that interact with or mark up data to allow work within various systems.

Guidelines in Understanding Data Structures, File formats,  
and Languages

Consider these best practices and guidelines when familiarizing yourself with the 
different data structures, file formats, and code languages you will encounter when 
working with data.

1.	 Recall that structured data is data that is organized and stored in tables, 
in rows and columns. 

2.	 Recall that unstructured data is data that is not organized in a 
predefined manner, such as audio, images, and videos. 

3.	 Recognize delimited files, or files in which some form of character separates 
each field of data from the other data fields.

4.	 Understand that the most common type of delimited file is CSV, which stands 
for comma separated values. In this file format, each field of data is separated 
by a comma. 

5.	 Understand that flat files do not have a live connection to the database and 
require additional steps when the data is to be refreshed with a  
new file.

6.	 Recognize SQL, a key language that allows analysts to query data (Select, 
From, Where, Order By).

7.	 Identify the use of markup languages like HTML, a language dedicated to 
browser-based environment markup and tag language.

8.	 Identify the use of XML, a text-based markup language with the primary 
purpose of transferring data (not displaying it).

Practice Questions: Additional practice questions are available on the CompTIA  
Learning Center.
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1

Lesson 5
Explaining Data Integration and 
Collection Methods

LESSON INTRODUCTION
When data is created through the various systems of an organization, there is 
a need for processes that help transform data to make it more meaningful and 
ensure the data meets any requirements. Extract, Transform, and Load (ETL) and 
Extract, Load, Transform (ELT) processes make our data consistent. Not all data 
changes occur in real time, so understanding how data goes from its natural state 
to the state where it can be loaded into a database or data warehouse is valuable 
for the analyst. The creation of application programming interface (API) and web 
scraping is traditionally in the domain knowledge of software developers, but 
knowing how different data iscollected and passed through systems, and when this 
occurs, can provide valuable insight to the analyst for their own reporting. Further, 
the analyst should understand how public data and survey data are collected 
and used.

Lesson Objectives
In this lesson, you will do the following:

•	 Make data usable for data analysis and reporting.

•	 Explain API/web scraping and other collection methods.

•	 Collect and use public data.

•	 Use and collect survey data.
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2

Topic 5A
Understand the Processes of 
Extracting, Transforming, and  
Loading Data

EXAM OBJECTIVES COVERED
2.1 Explain data acquisition concepts.

Extracting, transforming, and loading data are critical actions in making data usable 
for reporting and visualization. These processes make data available to users within 
an organization who just need to use the data for their reports, without needing to 
know the complexity of the data and how it’s connected.

The most common method used to prepare data for a data warehouse is ETL 
(Extract, Transform, Load). ETL is the process that occurs when moving data 
from source systems to data warehouses by extracting data from the source, 
transforming the data, and then loading it to the warehouse. ELT (Extract, Load, 
Transform) is a more modern method that is used when preparing data for data 
lakes, and this process holds data in preparation for transformation. In both cases, 
these methods are often performed by the data professionals who are tasked with 
ensuring data is made available for reporting and are responsible for making data 
available to the data warehouse or the data lake. However, data analysts perform a 
similar ETL process by also extracting and transforming data for meeting business 
intelligence and reporting requirements.

Extracting Data
Extracting data (the “E” in ETL) is the process of accessing the source data from the 
system and then converting that data into a format that can be transformed and 
loaded into the data warehouse. How you extract data from a system is controlled 
by that system itself.

The software (source system) that stores the data has built-in tools to allow you 
to extract the data from that system. For example, in Microsoft SQL Server, data 
architects and data engineers are likely using the OLAP technology provided by SQL 
Server Integration Service (SSIS) to create packages that allow the extraction of data 
for the purposes of then transforming and loading the data into a data warehouse.

Data analysts use a similar process when extracting data, but they are likely 
using different tools, such as Power BI, a popular data transformation tool and 
dashboarding software. As data analysts, we are connecting to the SQL database 
or data warehouse with the credentials that allow us to gain access to the table(s) 
needed for our report. We do not create packages like the data warehousing 
professional, but we are creating a connection to that data for the purposes of 
transforming it. We would use the transformation tool that is built inside the 
software (in Power BI, this tool is called Power Query) and then load it to our 
dashboard.
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In most cases, you only need read permissions to extract a data set. 

For data analysts using the ETL process, there are a multitude of connections that 
are built into any of the popular reporting tools. How you connect to “extract” the 
data you need varies by the tool. Almost all tools will allow you to connect to the 
common file format CSV (comma separated values). 

In earlier years, unless you were the software developer or the database admin in the 
IT department, you hardly ever had back-end access to the database. You would either 
export the data you needed, or you would be given the data by someone who could 
export it for you. The tools and technologies we are given today provide greater access 
to data than ever before.

Here’s a specific example of how an organization might need to extract data as 
part of a job task or an ETL process for the warehouse. In a database, a company’s 
sales staff are stored in a table with their first and last name, address, and other 
employee-related information, with one record per person. The organization’s 
customers are stored in a table with one record per customer. When a salesperson 
sells to a customer, a record of the sale is created and stored in an orders table. 
To create a monthly sales report, an ETL process must extract the salespeople, 
the customers, and the orders from the database. These three objects combined 
provide the necessary data for the report.

Once you have connected to your data, you can begin the next stage of work: 
transformation of the data to meet business requirements.

Transforming Data
Transforming data (the “T” in ETL) is the act of making the data more meaningful 
for the purposes of reporting and decision-making. Data transformations will also 
occur when the data must meet the data quality standards for an organization. 
Transformation of data can involve many different techniques. The goal is to 
transition data from its natural state to the format needed for reporting or 
requirements. Here are some examples of the need to transform data in a 
business context:

•	 For customer order data, if the data type of the order date field is actually text, 
then it is transformed to a date data type.

•	 If the company needs all the states to be two-letter abbreviations and 
uppercased text to make that data consistent for end users, then the 
transformation steps will transform it to meet that requirement.

Transformation in Data Warehousing

In data warehousing, the transformation step allows business users to access 
data that has already been cleaned and transformed. By implementing a data 
warehouse and ETL processes, the business removes the need for every user to 
complete the same redundant steps to transform the data. The data warehouse 
provides users with a clean data set ready to meet their reporting needs, whatever 
they may be.

Remember that in the case of data lakes, transformation occurs after the data is 
extracted and loaded.
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Transformation for the Data Analyst

Although data transformation is integrated into the ETL process for data 
warehousing, data analysts will also perform these same types of transformations 
as needed when working with data . It’s important to remember that not all data 
we access is neatly stored in a data warehouse, and that some data may not 
have made it to the warehouse yet. This means that data workers will be actively 
transforming data as a part of their job.

Recall that data is stored under a different set of rules and requirements, such as 
optimizing the data for storage using the normal forms. However, the way that 
data is stored is not always optimal for data reporting and analysis, which is why 
data transformation is needed. When we transform data, we are making it more 
readable and more meaningful.

Common Examples of Data Transformation

To explore some specific reasons for transforming data, let’s consider the example 
of an HR database that holds information for all the employees. Before employees 
make it into the HR system, they will have completed their necessary new hire 
paperwork. As a data analyst, you are tasked with writing a data set that will report 
on the new hires based on their digital paperwork.

In the data, the first names and last names of the new hires are currently stored 
in two individual fields. This is ideal in one sense, because it ultimately allows us to 
sort the information by last name and first name. However, when we want to show 
this data on a report or dashboard, it is preferred that these names are combined, 
so when we see the full names they don’t include what we call a river of white 
space. A river of white space is inconsistent, extra spacing between the first and last 
names of employees that occurs when the names are left as individual fields. This 
white space happens because the last names all begin at the same starting point, 
regardless of the character length of the first names.

Data warehouse professionals and data analysts will commonly transform name 
data to make it more readable, combining the first and last name to display 
together. 

Microsoft Excel with Names Stored in Individual Fields (Used with permission from Microsoft.)

You can see in this screenshot how extra spacing would happen when some first 
names are only three characters and others are seven characters.
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In a data warehouse, first and last names are often stored individually alongside an 
additional “display name" fieldcreated after data transformation to merge the first and 
last names. This design allows employees to use this data without needing to know and 
use the function to combine the names every time.

Continuing with the example of employee names, we should also note the 
inconsistent format of the employees’ middle names in the data shown. Some 
people have entered their entire middle name, some a capitalized middle initial, 
and others a lowercase initial. Some middle initials are followed by a period, 
whereas others are not.

If we want consistency in this data, we will transform the field to only include the 
middle initial, so that the data (even though entered differently) will all appear in 
the same format. We would likely use a function to pull only the first character from 
the left-most side of the field MiddleName, a function to capitalize the initial, and 
yet another function to create the “.” at the end of the initial.

These two examples help demonstrate what it means to transform data in a way 
that is more consistent and readable. As we get into later lessons on data mining 
and cleaning, we will spend more time learning more about the transformation 
process. 

Loading Data
Loading data is the process of moving the data into it’s target destination, such as 
a data warehouse. A database architect or data warehouse professional uses tools 
dedicated to the ETL process based on the software that has been selected by their 
organization. 

Data analysts should understand how data is loaded into a data warehouse using 
ETL and how this process might change the data. For example, if you are a data 
analyst working with a source system, and the data from that system is transformed 
and loaded into the warehouse, the warehouse data may not have a direct one-
to-one correlation with the data fields in the source system. As an example, let’s 
consider product codes. The source system stores and formats a product code one 
way, but after being transformed and loaded into the warehouse, the product code 
data appears in a different format. This has occurred because the product code 
in the source system denotes the location, product number, and state, all within 
the one code. However, once the data is loaded into the data warehouse, these 
elements of the product code are broken out separately.

Product Code Data in a Source System and After Load to Warehouse

The ETL process thereby allows users of the data to see the information in a form 
that is compartmentalized for reporting purposes, and ultimately more meaningful. 
Next, we’ll explore the different types of data loads used to move data into the 
warehouse.
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Full Load and Delta Load 
Different methods can be used to load data into a data warehouse, and the type 
of load used determines how the data is read from the source systems and in turn 
placed into the data warehouse. The data warehouse professional makes decisions 
about what type of load to use, so as a data analyst, you simply need to know what 
decision was made and understand the impact it has on your data. The two types of 
loads are as follows:

•	 Full load means you are loading all data into a data system (database, data 
warehouse, or source software) for the very first time. For example, when a new 
data system is designed, all historical data from the previous system is loaded 
into the new system.

•	 Delta load means you are loading new data into a data system and updating 
any existing data that has changed since the last load. A delta load is how data in 
the data warehouse gets updated. Decisions about when these loads occur are 
made by the database administrators (DBAs), the architects of the systems.

The timing of a delta load is important information for the data analyst to know. For 
example, if the delta load occurs once daily at midnight, then the analyst would not 
see updates to the data until that time. In this scenario, If a sales order is placed on 
Monday at 4 p.m., then any sales data accessed from the warehouse will not show 
the order until Tuesday at 12 a.m.

As this example illustrates, knowing about the types of data loads can help you 
develop a basic understanding of how data makes it into your data warehouse and 
when certain data will be in the system. This information can provide important 
background knowledge when accessing and analyzing data.

Extract, Load, Transform (ELT)
The steps of the extract, load, transform (ELT) process follow a different order than 
in ETL, with transformations to the data happening after the data is loaded, not 
before. The ELT process allows data to be moved into data storage systems faster, 
because the transformations take place after the data is loaded.

Data lakes often use the ELT process. Remember that data lakes are meant to 
hold both unstructured and structured data. This means the data isn’t ready for 
transformation, but it still needs to be extracted and loaded into the data storage.

The ELT process is ideal for data lakes because they typically hold more real-time 
data that is updated minute by minute. Data warehouses will still hold data that is 
updated regularly, but not as frequently as the data in the data lake. ELT is meant to 
increase data availability and improve processing times.
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3

Review Activity:
The Processes of Extracting, 
Transforming, and Loading Data

Answer the following questions:

1.	 Which method is most commonly used to move data from a source 
system into a data warehouse?

2.	 Which method is most commonly used to move data from a source 
system into a data lake?

3.	 What is the biggest difference between the processes of ETL and ELT?

4.	 Which load type is being used when new data is loaded and existing data 
that has changed since the last load is updated?
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5

Topic 5B
Explain API/Web Scraping and Other 
Collection Methods

EXAM OBJECTIVES COVERED
2.1 Explain data acquisition concepts.
1.3 Compare and contrast common data structures and file formats.

Not all data is neatly kept within the servers of an organization. Companies will 
often leverage third-party tools, typically hosted in the cloud, to serve a particular 
function for their organization as opposed to building their own internal systems. 
Reaching the back end of these tools is not as simple as just getting permissions 
and connecting to them. Common third-party tools include accounting software, 
customer relationship management software, and even marketing-related 
software. All of these software applications capture important business data. When 
purchasing third-party tools, technology departments need to determine if the 
software is able to connect and interface with other technology systems used by the 
organization. The ability to share data across systems is important for the collection 
and analysis of data and to ensure that different business functions are integrated.

A data analyst’s job is to gather data from systems. For this reason, a solid 
understanding of API and other methods of sharing and gaining data, such 
as machine data, web services, or web scraping, can be immensely helpful in 
your career.

Application Programming Interface (API)
An application programming interface (API) is a set of protocols within a 
computer system that allows two unrelated systems to communicate. APIs have 
been around for a long time, but they have gained more visibility in the data world 
in the last decade. Defined simply, an API is the ability to share data across systems.

We can use a restaurant as an example for understanding conceptually how an 
API works. When you want to place an order from the menu, you give the order 
to your server (the interface), and the server goes to the kitchen and provides the 
order to the cooks. You don’t necessarily see all the ins and outs of your order being 
made in the kitchen, but the food that comes back to you via your server (the same 
interface) matches your specific menu selection. Just as the restaurant server places 
your order with the kitchen staff, an API places a “call” or request for specific data 
from another system. The API then returns this data to the requesting application, 
similar to how your server returns to your table with your desired meal.

The biggest benefit of an API is the ability to access data from a dedicated system. 
As an example, imagine that you need up-to-date weather information because 
your company analyzes the weather forecasts for construction projects when 
bidding. However, you don’t want all the overhead costs of building your own data 
system for weather data. In this case, you can use an API to call the specific data 
that you need. This process is a two-way street because the weather app itself must 
also have an API that allows you to request the data. Some APIs might also utilize a 
pull/push method for updating data. When pulling data, it is updated continuously 
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regardless of whether a change has occurred. Consider our weather data; with 
pull, the data will update every five minutes, no matter what. When pushing data, 
updates are sent out only when a change has occurred. In our weather data 
example, the API will push an update to the data in the system whenever the 
weather data itself is updated. The decision to use pull or push is specific to the 
needs of the program.

Understanding the concept of an API is important in case you need to acquire data 
that may not be stored in your company’s internal systems. As a data analyst, you 
should become familiar with the APIs that are applicable to the organization where 
you work. You must learn how to use a particular API to get the data you need from 
any given system.

Web Services
A web service is a type of API that allows a hosted computer on a network to 
share data back and forth with a computer in the same hosted environment. It’s 
important to remember that while web services are a type of API, not all APIs are 
web services. The key difference between a web service and most other APIs is 
the use of a hosted network. Web services require this network and use different 
protocols to transfer the data between machines.

Web services use XML because this markup language is generic in nature, allowing 
the data to be transferred to a multitude of systems that are designed in many 
different languages. Web services are typically dedicated and designed to a 
particular process.

As an example, imagine that your organization has built two internal data systems 
to handle customer data and orders. The system that handles orders needs to have 
the data for the customers that are being added by the sales team. The two systems 
can communicate via a dedicated web service that passes customer information 
details from the customers system to the orders system, so that the data doesn’t 
have to be manually entered into both systems.

As a data analyst, you likely will not be responsible for programming web services, 
but you will rely on web services to provide data to the systems that you work 
with in your role. Developers who design web services need to make complicated 
decisions on when and how data should be passed. In your role as a data analyst, 
it is enough for you to know that data starts out in one system and then is passed 
into other systems using the web service. It’s important for the analyst to know 
what data the web service is passing from system to system, along with the timing 
of data transfer. If the service execution is synchronous, then the system that 
calls on the web service waits for a response to the request. It the web service is 
asynchronous, other functions can continue while awaiting a response. If data has 
not been transferred from one system into another as expected, it could be that the 
web service needs to work through its process before the data arrives. It’s like any 
other workflow we encounter in any system: the rules have to be met before the 
data appears where it belongs.

Web Scraping
Web scraping (sometimes called data scraping) is the act of pulling information 
from a website. Many variations of web scraping are used by data analysts. You 
may use a tool, or you may web scrape by hand.

To understand web scraping, let’s start with an example. Imagine that you are a 
data analyst working at a local firm that offers a service, and you want to compare 
your pricing to the pricing of your competitors. Your firm’s competitors provide 
their pricing on their website. Using the hand scraping method, you would navigate 
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to the competitor’s website and then proceed to copy/paste or manually key the 
pricing values into a spreadsheet.A web-scraping tool would allow you to collect 
the same information from competitor websites using an automated process that 
produces the data in a format like CSV or even Excel.

Note that not all websites allow web scraping. When working with any data or with 
any type of programming or technology, read the terms of use first to ensure you are 
following the legal terms that you must agree to when using the data.

Machine Data
When we talk about the role computer software plays in data collection, we must 
address machine data. Machine data refers to data that is produced by a machine 
rather than a human. This doesn’t mean that humans are completely uninvolved in 
the formation of machine data; just that a machine collects the data. For example, 
when you log into a network, you are physically typing the credentials needed to log 
yourself in, but the computer time stamps where you logged in from, what time you 
logged in, and how long you were logged in. You didn’t directly give the computer 
this information, but your interaction with the machine allows it to capture this 
data.

In the manufacturing industry, workers who maintain the machines use machine 
data to determine whether the machine is functioning properly. Let’s consider a 
paper mill as an example. A paper mill has a roll line. Paper moves through this line 
as its being produced, and when it gets to the end of the line it is in the final stages 
of the process. The machine reports the amount of papers that rolls through that 
line, because there is a certain amount of production the plant must hit each day 
to meet demand. This data, produced by the machine, keys workers in to whether 
they are on track to make their goals. The machine also produces data on its 
temperature and different parts, which helps the workers maintain the machine.

One of the most interesting business startups in recent years, with truly big data, 
is one that works to conserve artwork in museums and buildings. This type of 
machine uses proprietary sensors to detect the room’s temperature and humidity 
throughout the day. This is important because these values need to be consistently 
maintained to prevent damage to the art by temperature drops and increases in 
humidity. What makes this truly machine data is the fact that the information the 
sensors collect is transactional and automatically recorded in real time. Before 
these sensors were available, museums hired humans to measure and record this 
information periodically throughout the day.

The biggest value of machine data is that we don’t have to enter any of it by hand; 
it’s built to generate data in various formats for analysis. 
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6

Review Activity:
API/Web Scraping and Other 
Collection Methods

Answer the following questions:

1.	 What is a benefit of using an API?

2.	 What is the key difference between a web service and most other APIs?

3.	 What language do web services use?

4.	 What is web scraping?

5.	 Sensors that detect the temperature of a person on a job site would be 
collecting what type of data?
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6

Topic 5C
Collect and Use Public and  
Publicly Available Data

EXAM OBJECTIVES COVERED
2.1 Explain data acquisition concepts.

Data analysts will not always have firsthand access to the data that they need within 
the data systems of their organization. When internal data systems are lacking, you 
may find that public and publicly available data can help support your analysis. Let’s 
explore what public data is, and how to access it.

Overview of Public and Publicly Available Data
Public data is data that has been made available to the public through various legal 
requirements. Some popular sources of public data include the U.S. Census Bureau 
and the U.S. Department of Education. Certain organizations are required by law 
to provide public data, such as some federal departments and state agencies. 
Other organizations may make data available to the public even though they are 
not legally required to do so; this is publicly available data. Some organizations 
(especially nonprofits) make their data publicly available for use in research, while 
some data is made publicly available for learning purposes, and may merely 
represent sample data. An example of a site that provides data for learning 
purposes is Kaggle, an online community and public data platform that provides 
access to sample data.

Note that for some types of public data, the entirety of the data collected may not 
be provided to the public. An example of this is education data, where averages 
of how a student population performed on a standardized test are publicly 
available, but the actual student records with individual test scores and identifying 
information are not made available to the public.

In many cases public data is aggregated, but that doesn’t make it any less powerful 
for analysis. Aggregated data is data that has already been compiled and 
summarized (e.g., summed, counted, or averaged by group) for the purposes of 
analysis and reporting. For example, United States Census data is aggregated by 
race and ethnicity, health, housing, and other categories. Individual household 
responses to surveys aren’t available for download.

Finding Public and Publicly Available Data
There are thousands of useable data sets online. A simple Google search for the 
types of public data sets you require can yield a wide variety of results for you to 
review and consider. 

Sites That Provide Public Data

There are numerous websites that give us access to public data. Here are just a few 
that you may encounter frequently:
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•	 U.S. Government Open Data - https://www.data.gov/

•	 U.S. Census Bureau - https://data.census.gov/cedsci/

•	 U.S. Department of Commerce - https://data.commerce.gov/

The U.S. Government Open Data site hosts data from federal agencies under the 
OPEN Government Data Act, which requires government data be made public. Data 
can be searched by key word and filtered by location, topic, topic category, data set 
type, tags, format, organization type, organization, publisher, and bureau.

The U.S. Census Bureau offers aggregated U.S. Census data in the form of geo-
profiles and pre-tabulated data tables with fields that can be customized and 
filtered. Microdata access allows for the creation of custom tables that are not 
available in the premade tables on data.census.gov. Download formats are limited 
to Excel and CSV, but multiple APIs are available for varying categorical options.

The U.S. Commerce Department collects, stores, and analyzes data on the nation’s 
economy, population, and environment. Most data sets can be exported as Excel 
and CSV, with some being available as text/HTML and/or allowing API access. Search 
results can be filtered by view type, tags, or federated domain.

Sites That Provide Publicly Available Data

There are literally thousands of websites that have made their data publicly 
available. A few websites that you may find extremely useful are listed here:

•	 Pew Research Center - https://www.pewresearch.org/

•	 Kaggle - https://www.kaggle.com/

•	 GeoPostcodes - https://www.geopostcodes.com/

The Pew Research Center conducts public opinion polling, demographic research, 
content analysis, and other data-driven social science research. With an account, 
the published results can be exported as zipped files that will include PDFs of 
the methodology, questionnaire, and topline results, as well as a ’Read Me’ text 
document and a .SAV file that can be converted into a CSV or Excel file.

Kaggle provides community-driven data sets that can be explored and analyzed, as 
well as Notebooks for machine learning and a public API. The available data sets will 
vary depending on licensing and source information and on the user who uploaded 
the data. Most data sets will be available for download as CSV, though they require 
an account for export.

GeoPostcodes offers a comprehensive database of post codes with details on 
countries, administrative division, postal/zip codes, cities and other localities, 
statistical codes, geocodes, time zones, languages, postal boundaries, and street 
names. Sample data can be exported with an account, or their proprietary data can 
be purchased.

Considerations for Using Public Data

It is critical that you first read the terms of use for any public data set before 
interacting with it, as these terms describe any requirements for using the data. It’s 
extremely important that data analysts understand the terms and methods related 
to the data and cite them appropriately for any research and presentations. 

In addition to the terms that you agree to follow when using public data, you should 
also read about the methods of data collection and any key definitions that are 
available related to the data. These methods will explain how the data was collected 
and any techniques that apply to the data.
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7

Review Activity:
Public and Publicly Available Data

Answer the following questions:

1.	 When an organization is required to provide data by law, what would it 
be called? And what are some sites that provide this type of data?

2.	 What is a consideration of public data that must be addressed before use?

3.	 Public data sources often do not provide the individual data. They will 
typically provide the data in what format?
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4

Topic 5D
Use and Collect Survey Data

EXAM OBJECTIVES COVERED
2.1 Explain data acquisition concepts.

Large-scale surveys that collect data from large groups of people, like those run by 
the U.S. Census Bureau, post-operative surveys, and customer voice surveys, can 
be a valuable data collection method for research. As with anything, data quality is 
imperative for accurate reporting. Each survey type and collection method requires 
special care to ensure data quality. From market research to customer satisfaction, 
surveys can be used to gain information from people about a topic, a process, or 
a service. Data analysts will sometimes be involved in the process of developing a 
survey, and they will more than likely be involved in working with the data that is 
collected from surveys.

Considerations for Using Surveys
When designed properly and shared effectively, surveys provide a valuable source 
of data for research, insight, and analysis. A great deal of thought is required in the 
development of surveys, including the answer types used and how the results are 
presented. The questions should be accurate for what we are trying to determine 
through the survey and should be free of bias.

One way you might see bias in a survey is the use of leading questions, or 
questions that prompt certain responses or sway the survey results based on word 
choices, tone, and how the question is framed. An example of a leading question 
would be, “How awesome was your customer service today?”, with the answer 
options “extremely awesome,” “awesome,” and “somewhat awesome.” Considering 
the language and overall tone of this question, you can see how it leads someone 
toward a positive experience. It would be difficult to accurately gauge the customer 
experience by these answers, particularly if it was negative. 

Another consideration for an effective survey is whether the provided answer 
options are detailed enough to elicit a useful response. For example, if only yes or 
no responses are provided for the question “Are you satisfied with our customer 
service experience?”, valuable details may be missed about the customer service 
experience (particularly if the answer is no). Further, the answer you get may not be 
entirely accurate because you are forcing respondents to default to a yes or a no, 
when they may have been in the middle. For example, consider a customer who is 
typically happy but a little frustrated with the service at the moment; neither option 
really fits. In this case, the answers cannot help inform the process of creating a 
better customer service experience.
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Types of Survey Answers
Surveys often contain a variety of answer types, such as single option, multiple 
choice, Likert scale, and text-based responses. In addition, some surveys will have 
built-in logic that will generate questions based on answer responses. Answer 
types should be carefully chosen to capture the information that is needed by an 
organization for a particular question.

Imagine that an organization wants to survey customers to see if they would 
purchase a new service. Let’s ask the same question in different ways according to 
different answer types, and see how the answer type might impact the data.

•	 Single choice: Customers can only provide a single answer. We might ask, 
“Would you purchase the new service?” In response, customers can reply  
yes or no.

•	 Multiple choice: Customers can select between multiple options. We might ask, 
“Would you purchase the new service?” In response, customers could choose 
one of a few options, such as “in the next six months,” “in the next 12 months,” 
or “I would not be interested in this service.”

•	 Likert scale: A scale is used to gain details about customers’ agreement with or 
attitude toward certain topics. We might ask, “How likely are you to purchase the 
following services?” Customers can then select the applicable option from a scale 
that ranges from “not very likely” to “extremely likely.”

•	 Text based: Text-based answers allow for more detailed, written feedback. We 
might ask, “Tell us your thoughts about this new service.” Customers would then 
provide in their own words an answer in a free-form text box.
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5

Review Activity:
Survey Data

Answer the following questions:

1.	 What should a survey be free of?

2.	 Which survey question type uses a scale to gain details about customers’ 
agreement with or attitude toward certain topics?

3.	 What are some common answer types you will find on most surveys?

4.	 Why is it important that a survey provides well-written questions and 
appropriate answer choices?
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5

Lesson 5
Summary

After this lesson, you should have a firm understanding of the processes used to 
move data from a storage system to a data warehouse (Extract, Transform, Load) or 
data lake (Extract, Load, Transform). You should also have a general understanding 
of how APIs (Application Programming Interfaces) and web scraping allow you to 
collect data from systems, and the role that web services play to pass data between 
systems. While you can collect data yourself, you should know that some data is 
collected entirely by machines. You should also understand how to find and use 
public data sets that can be used to support your data projects. Further, when you 
develop surveys to collect data, you must take particular care not to draft leading 
and biased questions, and put thought into the answer types.

Guidelines for Extracting, Transforming, and Loading Data  
from a Source System

Consider these best practices and guidelines when familiarizing yourself with the 
processes used to extract, transform, and load data.

1.	 Understand that extracting data is the process of accessing the source data 
from the system and then converting that data into a format that will then be 
transformed and loaded into the data warehouse.

2.	 Understand that transforming data is the act of making the data more 
meaningful for the purposes of reporting and decision-making.

3.	 Understand that loading data is the process of moving the data into a tool or 
its target destination, such as a data warehouse.

4.	 Differentiate between a full load (loading all the data into the data system 
for the very first time) and a delta load (loading new data and updating any 
existing data that has changed since the last load).

5.	 Recognize the key difference between ELT and ETL: in the ETL process, data is 
extracted, transformed, and then loaded, whereas in the ELT process, the data 
is extracted, loaded, and then transformed.

Guidelines for Collecting Data via API, Web Scraping,  
and Other Methods

Consider these best practices and guidelines when familiarizing yourself with the 
other methods of data collection you will encounter when working with data.

1.	 Understand that an application programming interface (API) is a set of 
protocols within a computer system that allow two unrelated systems to 
communicate.

2.	 Recognize how web services (a type of API) allow a hosted computer on a 
network to share data back and forth with a computer in the same hosted 
environment.

3.	 Recognize that some data is produced by a machine rather than a human, 
which saves the effort of having to enter it by hand.
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4.	 When you need to collect data that doesn’t exist in the source system, 
understand that you can use web scraping to collect data from outside.

5.	 Know that certain organizations are required by law to provide public data, 
such as some federal departments and state agencies.

6.	 Ensure you read the terms and agreements related to any public data you 
plan to use.

7.	 When using surveys to collect data, consider whether the provided answer 
options can elicit an accurate and useful response, and make sure questions 
are free from bias.

Practice Questions: Additional practice questions are available on the CompTIA Learning 
Center.
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Lesson 6
Identifying Common Reasons for 
Cleansing and Profiling Data

LESSON INTRODUCTION
Rapid changes in business practices and business requirements are the main 
reasons we encounter less-than-perfect data sets or data structures in our work, 
leading to the need for cleansing and profiling data. Data sets that have a poor 
design or are attempting to retrofit a process into an off-the-shelf software also 
often need to be cleaned or profiled. When a company designs a system or process 
for handling their data, they base it on what they know in that moment. If you have 
ever heard the saying, “flying the plane while building it,” that is a fair description of 
how many organizations approach building data-centric systems. Once you know 
the types of imperfections data systems may have, you can start handling these 
common issues.

Lesson Objectives
In this lesson, you will do the following:

•	 Learn to profile data.

•	 Address redundant, duplicated, and unnecessary data.

•	 Work with missing values.

•	 Address invalid data.

•	 Convert data to meet specifications.
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Topic 6A
 Learn to Profile Data

EXAM OBJECTIVES COVERED
2.2 Identify common reasons for cleansing and profiling datasets.

In its simplest terms, data profiling means to learn the basics about the data that 
you are working with and discern information from that data. Profiling data will 
help you to identify any data quality issues so that you can correct them. It will also 
help inform what data cleansing needs to occur in order to improve the data for 
reporting and analysis. 

The data analyst should always start by profiling any data set that they plan to work 
with while performing their role. 

Steps of Data Profiling
Profiling data involves forming an understanding of the data by learning about 
aspects such as the following:

•	 The source of the data

•	 Keys of the data

•	 Relationships within the data

•	 Record counts (e.g., how many product records are in the set, or how many 
employees are represented)

Here are a few basic steps that data analysts should follow to profile data:

1.	 Identify and document the source of the data and its integrity. For example, 
was this data collected in a system with a defined process, or was it manually 
keyed from a paper document?

2.	 Identify the fieldnames and data types, and determine whether they are 
appropriate for what you are reporting. For example, are the date fields set 
as dates, or are they text? Depending on what you discover, you may need to 
convert the data types for some fields.

3.	 Determine the main fields identified for reports and what their column profile 
entails. For example, if you are reporting on products, what products are 
represented in the data?

4.	 Check whether a key field (primary, natural, or foreign) is represented where 
expected. For example, if working with product sale data, do all the sales have 
an associated product code?

5.	 Recognize the total of all the data in the data set. For example, if the total of 
every record combined is $500,000, and $1 million suddenly displays upon 
reporting, is there an obvious issue here?
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Data Profiling Tools and Techniques
Data analysts can use either manual techniques or advanced software to profile 
data. However, when working with large amounts of data, the use of basic manual 
techniques can be a challenge. Most of the popular data tools (such as Power Query 
in Excel, PowerBI, and Tableau) contain built-in tools to help you profile data. In 
Power Query, the process is as simple as checking the column profile checkbox. In 
Tableau, profiling data requires just a right click and the selection of the describe 
option.

Column profiling gives us basic insight into that column of data. For data types 
like numbers, you can get insight on the max, min, and averages of that column. 
For text data types, you can obtain distinct or unique counts of the values in that 
column. 

Power Query Column Profile (Used with permission from Microsoft.)

This image shows the column profile, distribution, and quality based on the first 
1,000 rows of data for a sample set. At the bottom of the window, the column 
profile provides us with the column statistics and the value distribution. At the top 
of the column, the column distribution checkbox gives us a histogram view of the 
column values. At the top of the window, the column quality provides valid, error, 
and empty percentages.
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Review Activity:
Learn to Profile Data

1.	 Why is it important for the data analyst to profile data?

2.	 What are some elements of data that are assessed when profiling?

3.	 Name a few popular tools that can be used to profile data.
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Topic 6B
Address Redundant, Duplicated, and 
Unnecessary Data

EXAM OBJECTIVES COVERED 
2.2 Identify common reasons for cleansing and profiling datasets.

As you fulfill your role as a data analyst, you are likely to encounter redundant data 
and duplicated data. Learning how to identify redundant and duplicated data early 
on in a project will help you to provide more accurate data for your analysis. You 
will also sometimes find that you may have more fields than you need, and you will 
want to either remove them or exclude them when writing queries.

Redundant Data
Redundant data is identical data that is stored in multiple places. For example, if 
an organization stores a list of products in its customer relationship software for 
its salesforce to quote, and the same list of products is also stored in its accounting 
software for invoicing, that data would be considered redundant. You may also 
encounter redundant data when there is a design flaw in a system, or when the 
system is intentionally designed to capture data everywhere. The challenge you will 
have when working with redundant data is determining which record represents 
the absolute truth and is the most accurate.

With any data project, you should determine if any data might be redundant up 
front, to ensure you they are working with the source that represents the most 
accurate set of information. In our example of a product list located in both 
the customer relationship management (CRM) software and in the accounting 
software, you would need to determine which source represents the most accurate 
information for the products. Decision makers and data owners typically know 
which source represents the most accurate data for the business objective, as they 
have a more intimate knowledge of not only the data itself but also the processes of 
the data. For example, the sales manager will know which clients the sales team has 
been working with, and a general manager will understand what’s happened on a 
project. They have context around the data that you as an analyst may not be able 
to determine from just looking at the data.
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Duplicated Data
Duplicated data is data that is repeated within the same data set. It is important 
to note that there’s no inherent problem with duplicated data, as long as you 
expect it. However, if you don’t know that duplicated records exist when you’re 
running a report, it can cause your report to be invalid. Consider Sally Jones, a top 
salesperson, who is responsible for creating purchase orders for each sale she 
makes. Sally’s name appears alongside these purchase orders, which are each given 
an ID number. The purchase order contains all the items that are being purchased, 
with each item being listed as a separate line item. This means that purchase orders 
involving more than one item will result in duplicated data (e.g., the purchase 
order ID will appear three times if three different items are purchased). When 
looking quickly at the data for Sally’s sales, the analyst might assume that each 
record represents a separate purchase order, but in reality, there could be multiple 
line items for one purchase order. As this example demonstrates, if you are not 
critically looking at the entire data set, the data could be misinterpreted, causing 
you to inadvertently inflate the numbers. Thus, one of the very first actions a data 
analyst should take when working with data is to look through the data sets for any 
duplicated records or fields.

There are many reasons why duplicated records might exist. It could be due to a design 
flaw in the data design, or maybe the data was inappropriately joined with another 
data set. Or, it could just be that you received a data set that is full of duplicated data 
by design.

Going back to our previous example, consider the data for Sally Jones’s purchase 
orders, as shown in the screenshot.

Sally Jones’s Purchase Orders and Details in Microsoft Excel (Used with permission from Microsoft.)
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When we look at the PurchaseOrderID list for Sally’s sales, we see that in some 
cases one PO covers multiple line items (indicated by the PurchaseOrderDetailID 
field). Along with the PurchaseOrderID, the Total Purchase Order (the amount of 
the sale for the entire order) is also duplicated for each line item. If we totaled all 
the data in the Total Purchase Order column, as is, we would produce an inflated 
amount.

Taking steps to identify your data set for duplicates and redundancy up front helps 
prevent you from using inaccurate information and inflated numbers.

Programs like Excel have built-in tools to help you identify duplicate records. For 
example, you can use simple conditional formatting to highlight any column and 
format the duplicates so those fields stand out. In Excel, there is also a Remove 
Duplicates command that will allow you to select the fields that form a duplicated 
record and then remove them. When you write queries as an analyst, you can also 
set a property or use the key word “Distinct” in your “Select” statement to provide a 
list with only the non-duplicated records. 

Highlight Duplicates in Microsoft Excel (Used with permission from Microsoft.)

When working with a large data set, it is virtually impossible to spot every duplicate 
by eye. You can use commands like conditional formatting to support your 
duplicate detection.
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Unnecessary Fields
You will commonly have access to more data than you need, and a routine part of 
your work as an analyst is to remove that unnecessary data. When working with 
a data set that contains everything, the unnecessary fields represent what we call 
“noise” in the data. These extra fields have no real meaning for the analysis. For 
example, if we have been provided an export of data from the accounting software 
that represents all the products stored in the system, and the export includes 
every field in that table, then it’s likely some of the fields should be removed before 
analysis. You can see in the screenshot of the accounting product list, with every 
field included, that some of these fields are not needed for analytical purposes. 

Product List Showing All Fields of Data, Displayed in Query Grid of Microsoft SQL Server Management 
Studio (Used with permission from Microsoft.)

Removing unnecessary data makes for more efficient data analysis. Having columns 
of data you don’t use increases the size of the file and requires the software to 
process all of the data fields that are there, even if they are never going to be 
used. Using the example of the accounting product list, suppose that you need 
only the product-specific fields for your analysis, such as ProductID, Name, and 
ProductNumber. When profiling the data, you discover that there are additional 
fields (e.g., MakeFlag, FinishedGoodsFlag) that include data captured on the back 
end by the accounting software. These unnecessary columns of data can be 
removed so that the data set only includes the needed product-related fields. Data 
programs such as Power BI, Tableau, and Excel allow you to remove columns of 
data that you don’t need. In the screenshot of Power BI, you can see the difference 
in the amount of fields before the removal and after. The list is cleaner and more 
manageable.
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Before and After List of Data Fields in Microsoft Power BI (Used with permission from Microsoft.)

When you use data software like Power BI or Tableau to connect to a data set, the 
software will display all the fields available for you in the data set. If you keep the 
unnecessary fields, they will show up as an available field to use in your analysis, 
even if you never use it.

To remove fields in Excel, we highlight the columns we do not need and remove 
them. If you are building a query, then you would only include the fields needed in 
that data set. These approaches allow you to eliminate noise in your data. 
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5

Review Activity:
Redundant, Duplicated, and 
Unnecessary Data

Answer the following questions:

1.	 1.What does it mean for data to be redundant?

2.	 When data is duplicated and then totaled, what problem will you 
encounter?

3.	 Spotting duplicates can be a challenge in a large data set. What type of 
command could you use to highlight them?

4.	 Your data set contains every field of that table or query, and only a 
few fields are relevant for your study. What should you do with the 
unnecessary fields?

5.	 What are some of the drawbacks of leaving unnecessary fields in your 
data?
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6

Topic 6C
Work with Missing Values 

EXAM OBJECTIVES COVERED
2.2 Identify common reasons for cleansing and profiling datasets.

When you work with data, you will at some point be faced with missing data. 
Missing data can occur for a number of reasons. It could be missing due to survey 
respondents failing to fill in an answer, or because the data has not yet been 
entered into a system. It could also be the result of joining data. A null value will 
often exist to represent that missing data. The data analyst must be able to identify 
the cause of the null data in order to determine the best way to address it for a 
particular data project. Nulls do not just represent a bad or missing data entry—
they can provide valuable insight and meaningful information.

Causes of Null Values
In any given data set, the analyst may encounter null values. NULL means that 
there is no value in a field. The field might appear to be blank, may contain the 
word “NULL,” or, in the case of Excel, might return an “N/A.”

Value Is Not Applicable to the Field

Null values can occur when the value isn’t applicable to that field. For example, 
consider the SQL table shown here. In this list of products, color is a valid field, but 
when a product doesn’t have that characteristic it is null.

NULL Value in SQL Table in Microsoft SQL Server Management Studio  
(Used with permission from Microsoft.)
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Data Set Does Not Yet Have the Information

Another reason you might encounter null values is when the data set does not have 
all the information it needs at that time. For example, if a data set contains records 
that represent the process of shipping orders, and the order hasn’t been shipped 
yet, the Ship Date field will be null.

Ship Date and Carrier Tracking Number Both NULL in Microsoft Excel  
(Used with permission from Microsoft.)

The values shown here are null because that data is unavailable and has not yet 
been created. In this scenario, the fact that the ship date is null provides valuable 
information; it lets us know that the order has not been shipped.

Data Set Has No Match for Expected Information

Null values can also occur when there is no match for the expected information. 
Recall our example of a company that stores its product list in both the customer 
relationship management (CRM) system and the accounting system. Suppose 
we want to ensure that all products are listed in both systems. We know that the 
CRM system is the true source of the data, so we would likely use the VLOOKUP 
function in Excel (a function that searches for data values within another data 
set) to compare the list of product codes in that system to the accounting system 
product list. Anytime VLOOKUP encounters a product that is in the CRM list, but 
not the accounting list, it will place an N/A for the null value. In this scenario, the 
NULL values are useful in that they tell us which products need to be added to the 
accounting system.
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Microsoft Excel Vlookup for Data Match (Used with permission from Microsoft.)

You will note that there are several "#N/As" present in column F (the Accounting 
Data Product Number), which signifies that those products were not identified in 
the accounting system. They may not exist on that sheet, or they may just have 
issues that can be addressed with cleaning. Either way, the null value gives us 
valuable insight on where we should begin our investigation.

When the analyst queries data (discussed later in the course) and joins tables 
together, this process can also produce a NULL value, similar to the VLOOKUP 
function. If a matching record does not exist in both tables, a NULL is produced.

Survey Data Is Incomplete

Another scenario in which the analyst may encounter NULL values is when working 
with survey data. For example, customers answering a product satisfaction survey 
may not answer every question. When you extract the data from that survey, NULL 
values will appear anywhere an answer was not provided.

There is no one-size-fits-all approach to addressing NULL values within data. 
Determining why the null value exists is important because it will drive what you 
should do when working with NULL values.

DA0-001_Lesson06_pp079-104.indd   91 10/01/22   11:59 AM

LICENSED FOR USE ONLY BY: MUHAMAD SHAHRIZAL ARIS · 76712282 · DEC 27 2025



Lesson 6: Identifying Common Reasons for Cleansing and Profiling Data  |  Topic 6C

92  |  The Official CompTIA Data+ Student Guide (Exam DA0-001)

Filtering Null Values
As discussed, NULL values can provide valuable insights when we are analyzing 
data. The way we work with null values depends on the reason they exist. One way 
we can utilize the information provided by null values is through filtering. 

Let’s return to our example of data on the shipping process, where NULL values 
for the ship date show for any orders that have not yet shipped. This data can be 
filtered to show only NULL values, or only the values that are not null, which gives 
us the ability to view shipped and not shipped orders in two lists.

When Filtering in Excel, NULL Values Are Referred to as Blanks  
(Used with permission from Microsoft.)

As shown here, filtering the carrier tracking numbers and ship date by NULL values 
gives us a list of only the orders that have not yet been shipped.

Shipping Data After Filtering by NULL Values (i.e., Blanks) in Excel  
(Used with permission from Microsoft.)
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Replacing Missing Values
When we want to replace the null value with a more meaningful result, we can use 
functions. Recall the product list in which NULL values appeared in the color field 
if color wasn’t applicable for that product. A function could be used to change the 
NULL to read “No Color,” “N/A,” or whichever other answer appropriately describes 
the missing value in the field.

Let’s return to this lesson’s example of shipping data. Recall that null values exist 
for the ship date when the order hasn't yet shipped. We could write a function (e.g., 
an IF function) that creates a new field based on the null value, which indicates 
whether the order has shipped or has not shipped.

Microsoft Excel IF Function for Shipping Status (Used with permission from Microsoft.)

The logical function we create can determine whether or not the date field is blank 
and can surface a shipped or not shipped status field accordingly.
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As another example, consider the NULL values that you will see when there are 
unanswered survey questions. If respondents have failed to respond to several 
key questions, we could write an IF function that returns information stating these 
critical questions were not answered. This is a way to replace a missing value with 
an appropriate result.

Survey Logical Function in Microsoft Excel (Used with permission from Microsoft.)

Assume we have decided that surveys which were not fully completed should 
be removed from our analysis, because we require a complete record for each 
respondent (including responses to those key questions) to gain the most meaning 
out of the data set. The logical function can be used to remove the records that do 
not have complete answers from our sample. We can create a field that allows us to 
easily determine what records can be kept and what are to be removed.

It should be noted that in many cases, the decision will be made to include all 
responses regardless of their completeness, because there are still insights to 
be found in the answers to the questions that the respondent did complete. 
Regardless of whatever decision is made for data handling, the action should be 
documented and noted somewhere when the analysis findings are published.

It is important to know that null values should not be replaced with one of the answer 
choices from a list just because the field wasn't filled out. Consider a survey question 
with yes or no answer options. Inexperienced analysts might choose the default "no" 
option to replace the null, but this would be a mistake. 
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7

Review Activity:
Missing Values

Answer the following questions:

1.	 What appears in a data set when a field has no value?

2.	 Describe two examples of how NULL values can be useful when working 
with data?

3.	 When a survey is completed and an answer is skipped, what can you do 
with that information?
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4

Topic 6D
Address Invalid Data

EXAM OBJECTIVES COVERED
2.2 Identify common reasons for cleansing and profiling datasets.

When data is not correct, you will need to address the issue by replacing it with 
valid data or removing it from your data set entirely. Invalid data is often hard to 
spot, but if you know how to look and test for it, then you will end up with better, 
more accurate data. There are many techniques we can use to correct invalid data, 
including removing or replacing the data. The goal is to first verify whether the data 
is valid. After that, we can determine the best approach to addressing any invalid 
data depending on business requirements and needs.

Identifying Invalid Data
Invalid data is data that is incorrect. Data could be invalid for many reasons, and 
there are a number of situations in which you may encounter invalid data in your 
work as a data analyst. Here are a few reasons that invalid data occurs.

•	 Data can become invalid over time. Suppose that product data has a tax 
percentage that is hard coded into the system at 9%. At a future date, that tax 
percentage by law is changed to 10%. All the values that were generated from 
that 9% are now invalid, because the tax percentage should be 10%. As this 
scenario shows, understanding the math behind the data can help you detect 
issues.

•	 Survey data may be invalid if a question is deemed invalid. Suppose when working 
with survey data, you find that a survey used leading questions, or the answer 
options had inadvertent bias. There is no way to go backward and reframe the 
questions (and answers), so the invalid data must be removed from the analysis.

•	 Outliers or extreme values can sometimes indicate invalid data. These values that lie 
far outside the normal range could signal a technical issue, or a problem with the 
collection or extraction of the data.

•	 Data that cannot possibly be correct is invalid. Data that is impossible needs to be 
investigated. Examples of impossible data include invalid zip codes, exceptional 
values for a transaction amount (like 999999), and even invalid dates.

Issues with Invisible Characters

Data can also become invalid when something as simple as a mistake in manual 
entry occurs. Here are a few character-based issues that can lead to invalid data.

•	 Non-printable characters are characters that do not produce a written symbol, 
such as spaces and tabs. These types of characters will present challenges when 
working with data and need to be removed.

•	 Leading spaces are spaces at the front of a field of information.

•	 Trailing spaces are spaces at the end of a field of information.
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Non-printable characters can cause problems when you are working with data. For 
example, “ world of data ” (with spaces) and “world of data” (no spaces) are not a 
match, because a data program will read the spaces as actual valid characters. The 
analyst can write different functions and commands to address this type of issue, as 
discussed in a later lesson.

To demonstrate how non-printable characters can cause invalid data, let’s revisit 
the example in which we used a VLOOKUP function in Excel to find out whether 
products were contained in both the CRM and accounting systems. Expanding on 
this example, suppose we focus on product names to determine if the products are 
in both systems. As the following image shows, the function tells us that the product 
“Adjustable Race” doesn’t exist in the accounting system, but it is clearly visible to us 
in the accounting product list. It’s hard to see, but there’s actually a trailing space in 
this product name in the accounting product list, which causes a NULL value to be 
returned. The trailing space makes these products technically different. The system 
doesn’t know that the space is invisible; it sees it as an actual valid character and 
cannot find a match for that product name.

Using the VLOOKUP Function in Microsoft Excel to Compare Product Names in the CRM and 
Accounting Systems (Used with permission from Microsoft.)

In this scenario, you would want to correct the product name by either removing 
the trailing space or using a function that ignores any extra spaces. Your 
organization’s business rules will dictate how you handle the fix.

While it may seem like the function didn't work properly, a valid method was used to 
determine if there was a match between the product lists. When you match information 
between data systems, it is a very literal process. What a computer sees and what a 
human may see can trick you, unless you know to look for issues that can lead to  
invalid data. 

Removing Invalid Data
After determining that data is invalid, one way of addressing this issue is to remove 
(or not include) the data in question. Removing invalid data could be as simple as 
just removing that field from the data set. It could also mean not including that data 
in a query.
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The decision to remove or not include data is simple. Discovering that data may not be 
valid is the bigger, more critical challenge for the analyst. 

Note the visual example shown in Query Designer involving a product table. All of 
the available fields from the table are shown, but you could simply check or write in 
the needed fields, and not include the others. You can remove columns by writing 
a SELECT statement that doesn't include them. In the screenshot below, only the 
ProductID, Name, and ProductNumber fields are included in the query.

Query to Include ProductID, Name, and ProductNumber in AdventureWorks Database in Microsoft 
SQL Server Management Studio (Used with permission from Microsoft.)

Replacing Invalid Data with Valid Data
Invalid data can also sometimes be addressed by changing it to the correct value. 
For example, suppose that a customer satisfaction survey asks customers to type 
in the product that they ordered, and what the customer types in might not always 
match the official name of the product. An analyst could change the invalid entry 
(what the customer typed) to valid data (the official product name), but only if they 
are able to verify that the customer is indeed referring to that particular product.

At times, it may not be possible to correct invalid data to make it useable. In 
this case, it must be either removed or replaced with a value indicating that the 
information can’t be validated. When correcting or replacing invalid data, the 
goal is to determine the best way to address the issue so as to meet business 
requirements.

DA0-001_Lesson06_pp079-104.indd   98 10/01/22   11:59 AM

LICENSED FOR USE ONLY BY: MUHAMAD SHAHRIZAL ARIS · 76712282 · DEC 27 2025



Lesson 6: Identifying Common Reasons for Cleansing and Profiling Data  |  Topic 6D

The Official CompTIA Data+ Student Guide (Exam DA0-001)  |  99

5

Review Activity:
Invalid Data

Answer the following questions:

1.	 What is invalid data?

2.	 When writing a query to create a data set, what should you do with the 
fields that have invalid data?

3.	 How can non-printable characters, leading spaces, and trailing spaces 
cause invalid data?

4.	 What should you do when you encounter invalid values that can 
definitively be defined?
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5

Topic 6E
Convert Data to Meet Specifications

EXAM OBJECTIVES COVERED
2.2 Identify common reasons for cleansing and profiling datasets.

As an analyst, you will not only use data for analysis and visuals, but will also move 
data from system to system. It could be that you are moving historical data from 
an old system to a new system, or you could just be moving data that is redundant 
between systems. Databases are designed so that fields have specific data types. 
When you are manipulating data and preparing it to be stored somewhere else, 
that data must meet the system’s expectations or the data will be mismatched and 
fail to load properly. Data also must meet the specifications for analysis. If it fails to 
do so, it may need to be converted to a different data type.

Data That Does Not Meet Specifications
People often discover that data doesn’t meet specifications when it fails to load 
into the system, or when the system doesn’t load all of the data. When software 
gives you the ability to bulk load data to its underlying database or data storage, 
then it will often provide the specifications to load that data. Be sure to explore 
the software help menu to find this information. Software vendors will provide a 
template to use for loading data.

Suppose you have been tasked with transferring missing products to the accounting 
system from the CRM system. However, the list of products fails to transfer because 
of a mismatch between the data types. In this situation, you would hope that the 
system provides meaningful messages that let you know exactly what failed, but 
that is not always the case. Often, a failed transfer often results from a field or two 
not having the expected data type, so you must identify the fields causing the issue 
and then convert them to meet specifications.
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Converting Data Types
When data fails to meet the specifications for analysis or visuals, you may need 
to convert data types. For example, if you need to calculate numbers, then your 
data type must be a number. The same goes for dates—if you need date-specific 
calculations, then you must work with data that is set to a date data type.

No single data software is identical in its methods for using functions to convert 
data types, but all data software will have this capability. Tools such as Power Query 
and Tableau allow you to adjust the data types without having to write a separate 
calculation, as shown in the next set of screenshots.

Data Type Conversion in Microsoft Power Query (Used with permission from Microsoft.)

In Microsoft Power Query, the data types are read from the first row of data. You 
will always want to validate that the data type is as intended. It can be converted by 
selecting the appropriate data type from the button to the left of the field name, as 
you see in this screenshot.

It is important as a data analyst that you are aware of the data types that are 
associated with the data you are working with. You will want to add data type 
validation, which means validating the data types are correct, to your approach on any 
data project. 
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In some software or scripts, you can write functions that will allow you to perform 
any type of conversion needed to meet the requirements. This example script is 
converting the SalesQuota field to a varchar data type with a 24-character length, 
and renaming this conversion with a label called “Sales _Quota.”

SQL Statement That Converts Sales Quota, Sales YTD, and Sales Last Year  
(Used with permission from Microsoft.)

Why do databases use field names with no spaces? Spaces are converted to a "%20" 
when processed internally by servers. Using no spaces is one way to optimize processing. 
Underscores are a single character where a %20 is 3 additional characters. 
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6

Review Activity:
Convert Data to Meet Specifications

Answer the following questions:

1.	 You need to create calculations that are date specific, and you discover 
that the date field is set as text. What should you do?

2.	 What are some of the issues of data not having the correct data type?

DA0-001_Lesson06_pp079-104.indd   103 10/01/22   11:59 AM

LICENSED FOR USE ONLY BY: MUHAMAD SHAHRIZAL ARIS · 76712282 · DEC 27 2025



104  |  The Official CompTIA Data+ Student Guide (Exam DA0-001)

Lesson 6: Identifying Common Reasons for Cleansing and Profiling Data

3

Lesson 6
Summary

After this lesson, you should have a better understanding of the need to profile 
data to identify the source data, the key data, needed transformations, and the 
records counts. You should have learned about the impacts of redundant and 
duplicated data, and how to handle them. You should have also gained strategies 
for working with missing values and invalid data, and understand how to convert 
data when it doesn’t meet specifications.

Guidelines in Cleansing and Profiling Data

Consider these best practices and guidelines when profiling data and addressing 
redundant, duplicated, unnecessary, and missing data.

1.	 Always profile your data sets to understand what is in the data, and the 
volume of the data.

2.	 Redundant data is the same data that is stored in multiple places, and the 
record representing the absolute truth must be determined.

3.	 Duplicated data is data that is repeated within the same data set and can lead 
to invalid calculations by inflating results.

4.	 NULL means that there is no value in a field. The field might appear to be 
blank or contain the word “null.” Determining why the null value exists is 
important because it will drive what you do when working with this type of 
value.

5.	 Functions can be used to replace NULL values in the data with a more 
meaningful result or to create a field that makes it easier to eliminate data 
from the set when warranted.

6.	 Keep in mind the following issues that can cause invalid data: non-printable 
characters, leading spaces, trailing spaces, data becoming invalid over time, 
and survey data being invalid.

7.	 Removing invalid data could be as simple as just removing that field of data 
from the data set. It could also mean not including that data in a query.

8.	 Invalid data sometimes can be addressed by changing it to the correct value.

9.	 Data that does not meet specifications when it fails to load into the system, or 
when the system does not load all the data, must be converted to the correct 
data type.

Practice Questions: Additional practice questions are available on the CompTIA  
Learning Center.
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Lesson 7
Executing Different Data  
Manipulation Techniques

LESSON INTRODUCTION
When we encounter a data set that is not meaningful, we must replace the values 
with more readable information. Data analysts regularly recode data for better 
analysis and more meaningful reports. We use strategies like deriving variables 
and imputing values when we encounter a need for data that is not in our data set. 
These different techniques allow us to create new values from data that is available. 
On the other hand, sometimes we have more data than we need for our analysis 
and can leverage aggregation or sampling to focus only on the values we need 
for further analysis. We will likely discover a need to join data sets from multiple 
sources and must understand the impact of joins when we query data.

Lesson Objectives
In this lesson, you will do the following:

•	 Manipulate field data and create variables.

•	 Transpose and append data.

•	 Query data.
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Topic 7A
Manipulate Field Data and  
Create Variables

EXAM OBJECTIVES COVERED
2.3 Given a scenario, execute data manipulation techniques.

In a perfect world, all data would exist at our fingertips just as we need it for 
reporting. But the world is certainly not perfect, and thus the data analyst’s 
everyday routine involves recoding data and using functions to derive variables. You 
will find that values can often be created by imputing them from historical data as 
needed. You might also need to mask data when reporting, especially when that 
data is sensitive.

Recoding Numerical and Categorical Data
When we talk about data in the context of recoding, we are referring to a single data 
field or variable. The act of recoding data involves changing the current value of 
that variable to a different value. We recode data for a few reasons: to make it more 
meaningful, to group it more effectively for analysis, and to correct the data.

Numerical Data

When recoding numerical data, you can use math to create groups of data. 
Consider a survey that asks respondents to provide their current age as a whole 
number. The answers vary based on the respondent, but each response is a 
number. Now suppose that for the purposes of our report, we want to group the 
respondents into age groups: 18 or younger, 19 to 24, 25 to 35, 36 to 45, 46 to 55, 
and 55 or older. The actions you take to perform this grouping will vary depending 
on the software used. The screenshot below shows the creation of conditional 
columns in Power BI. This is just one example, but all programs intended for 
data analysis use will have some function or command that allows you to group 
numerical data together.
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Current Age Groups Created via Conditional Columns in Microsoft Power BI  
(Used with permission from Microsoft.)

The case statement below is an example of how you might use an SQL statement 
to recode ages to age groups. This case statement creates a field called 
CurrentAgeGroup and groups each of the individual ages based on the current age.

Case Statement in SQL to Recode Ages to Age Groups (Used with permission from Microsoft.)

There are other ways to record numerical data, but the most important takeaway is 
understanding what recoding is and why it’s done.

It is more important to understand the concept of recoding and know when to apply 
it. Each software you might encounter might use a different approach. It might have a 
command for recoding, or you may have to create a function to recode your data.
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Categorical Data

When we are working with categorical data, we sometimes need to recode data in 
order to correct it. Suppose our survey asked respondents to provide the county 
they lived in at the time the survey was taken. A free-form text-response object 
allows respondents to type in the name of the county, but it also opens up the 
possibility for error.

Data Inconsistency Requiring Recoding in Power Query (Used with permission from Microsoft.)

For example, if you look at the screenshot above, you will see that some 
respondents included the word “county” in their response. We only want the name 
of the county itself in this data, so we will want to recode this variable to remove 
the extra word. The screenshot below shows one way this can be done, by using the 
Replace Values command in Power Query.

Using Replace Values Command in Power Query (Used with permission from Microsoft.)

Here, we are removing the word “county” from the column so that all the counties 
are listed by just their name without including "county" in the field.

When we recode the data in this way, we don’t have to create a new field. However, 
if we wanted to, we could have duplicated the column, recoded the data in the new 
column, and named the new column Corrected County. Again, different software 
programs have different methods of recoding data to remove errors, but what’s 
most important is understanding why we might need to recode data for this 
purpose.
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Derived Variables
Sometimes our analysis requires us to do more than just manipulate data 
that already exists; there are times when we must create new data from the 
existing data. A derived variable is a data point that is “derived” or created from 
existing data.

Consider the following example. Suppose we are working with a company that 
wants to improve its shipping process. In order to do that, we need to calculate the 
number of days between the time an order is placed and when it has shipped. Even 
if there is no existing data for this metric, we can create it by deriving the variable 
“number of days” from the existing data values for the order date and the shipped 
date. This information can then be further analyzed to determine why some 
products may take longer than others.

Another example of a derived variable, as shown in the screenshot below, is a newly 
created field labeled Shipping Status that provides a value of “shipped” or “not 
shipped” when the Ship Date has a Null value.

IF Function in Microsoft Excel Showing Shipped or Not Shipped Status  
(Used with permission from Microsoft.)

It’s also important to note that in some software systems, you will see values (such 
as an order total) on your screen, but that total is not actually stored in the data. 
Database designers and software developers are trying to optimize storage and 
processing, and so they will often not store data that can be calculated. We must 
create it for our reporting purposes, and that is a derived variable because we are 
using multiple fields to determine the answer. In this screenshot, we are using 
the UnitPrice and multiplying it by the OrderQty to create the TotalLine field. This 
provides us the total of that line item.
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SQL Statement in Microsoft SQL Server Management Studio That Calculates the Total  
(Used with permission from Microsoft.)

Imputing Values
Imputing values means to replace data with an estimated value. Missing data or 
null values can cause issues in analysis, and in data software they may even be 
entirely excluded from your data set. 

As you have already discovered, when working with null values there are several ways to 
review the data set and determine information that could be the replaced value. 

There are multiple methods that can be used to impute values. You can choose the 
average of records and use those to impute values for a record, or you might use a 
predicted value.

If we are forecasting next year’s sales for an organization and we want to visualize 
the data, there must be a value specified for each month and each product. We will 
impute the value to be the average of all months combined for each product, and 
place that value in each month for the next year. This means we are using the same 
value for all 12 months for each product.
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Imputed Value Using the Total Average of All Months per Product in Microsoft Excel  
(Used with permission from Microsoft.)

In this example, we are using the “Group By” function in Microsoft Power Query 
to create the total for each month, and then creating an average of all months. In 
Microsoft Excel, we display that average for each month and each product. We are 
using the same annualized average.

We could also predict that each month might look identical to that same month 
from last year, and place that value into our data set. With this method, we assume 
that each month of the following year will be exactly as it was in the last year.

Imputing a Value from the Same Month Last Year Using Microsoft Excel and Power Query  
(Used with permission from Microsoft.)

Here, you can see that we calculated the values for this year based on the 
information from last year's sales.

 Imputation decisions or techniques should be documented in the analysis report. Not 
all missing values should be imputed; a more accurate analysis may be supported if the 
data is simply left as missing and noted as such in the analysis report.
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Reduction in Data Sets
Reduction in terms of data mining means to reduce the volume of data. However, 
you must be careful not to invalidate the data when you do this. In simpler terms, 
you can’t just decide to remove or delete records to reduce the volume. Large 
volumes of data slow down the processing of information, and in some cases, you 
can use methods like aggregating the data and sampling to reduce the volume 
without jeopardizing the analysis.

Aggregate Data as a Method of Reduction

A great example of a data set that has gone through a reduction process is the 
United States Census. Instead of providing us every single record of each census 
entry, they provide us the data aggregated by different subgroups, like geography, 
gender, and race/ethnicity, along with their respective aggregated totals. This 
allows us to have the total number we need without having to create that summary 
ourselves. 

When you are aggregating data, make sure the method you choose doesn’t involve 
cherry-picking, or choosing only the records you want in the analysis. You must be able 
to communicate how the data was reduced with a valid approach.

Sampling Data

For larger data sets, you will find that sampling the data can be an effective way to 
reduce data while still producing an accurate outcome. There are multiple methods 
of sampling data, and the approach you choose will likely be decided by a group 
of stakeholders on the project or other statisticians that are a part of a larger 
team. Two common types of sampling are:

•	 Simple random sampling, where each record of data has an equal chance of 
being selected into the data set used for analysis.

•	 Stratified sampling, where you break your data into subgroups, like gender, 
and then randomly sample from each of the groups.

There are, of course, other sampling methods that are appropriate for different 
types of analysis. What’s most important to understand is that when you are 
sampling data, you are not using the entire population of records but only a sample 
of the records. 

Masking Values
Masking values means to hide or change the original value. For example, a person 
will enter their social security number into a system, but when we display that data 
in our reports we will likely mask all but the last four characters, or may even mask 
the field entirely.

This masking should be applied to any data that is sensitive but still needs to appear 
in the report. If you do not need to display sensitive data, you could just exclude it 
from the data set used for your reporting.

Sensitive data is typically known as personally identifiable information (PII) . 
When PII is shared outside of the organization that represents the people who the 
data is about, that data is required to be masked in order to protect their identities. 
An example of this is test scores shared outside of the school’s records.
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When you want to maintain a unique record for a person without disclosing 
their PII, you can easily create an index field using an index generation tool. 
An index field applies a unique number to a record. The index shown in the 
screenshot below starts at 1,000 and has a five in the increment. You could also 
easily just select “start at 0” or “start at 1” to create a unique index field.

Index Field in Power BI Power Query (Used with permission from Microsoft.)

The next step after creating an index would be to remove the data from the query. 
Please note this does not remove it from the underlying data set.

Remove PII from the Query Data (Used with permission from Microsoft.)
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Your data set now has a unique identifier for each record that replaces the original 
key field, which was the respondent ID. The first name and last name fields have 
also been removed for privacy reasons.

Final Data in Query with All the PII Removed (Used with permission from Microsoft.)
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3

Review Activity:
Manipulate Field Data and  
Create Variables

Answer the following questions:

1.	 What is one reason why data may need to be recoded?

2.	 Imagine a data set with a column for Start Time and a column for End 
Time, where a column for Total Time has been added to the data set. The 
Total Time column would be an example of what?

3.	 What does it mean to impute values?

4.	 Why would a value be imputed?

5.	 Reduction can be achieved through what two methods?
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6

Topic 7B
Transpose and Append Data

EXAM OBJECTIVES COVERED
2.3 Given a scenario, execute data manipulation techniques.

As data professionals, we may be given data that has already been aggregated 
and put in pivot format, meaning it has a row, column, and value. This data can be 
difficult to work with unless we transform it into a traditional data set that is vertical 
and in tabular or record format. Knowing how to change data from a wide format to 
a vertical record set can be helpful when all we have are totals in a cross tab format. 
We may also find that we need to append data from one location to the next, or 
append data from multiple sets to create a new comprehensive data set. The ability 
to transpose and append data is crucial, as you will need to manipulate data.

Transposing Data
There are times when you will need to work with data that is given to you in a cross 
tab or pivot format, meaning it is not in the style of a record set. Imagine you have 
a data set that shows a company’s product sales performance for each month of 
the year. This data set contains the name of each product sold in the first column. 
The months (January through December) are set as the first row of the data set, and 
each value of that product’s performance or sales for that month will appear under 
the appropriate month column and the appropriate product row. You do not have 
access to the individual line data that was used to create the pivot.

Data Presented in Wide Format in Excel (Used with permission from Microsoft.)

Viewing data in a pivot format can be extremely impactful for reporting purposes 
on large data sets. There will be times, however, when you will need this data in 
a record format rather than pivot format, as this will allow you to create different 
styles of visuals and perform additional analysis. The data in the pivot format must 
be transposed in order to structure it in record format.
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When you transpose data, you are reversing the direction of the data. In our 
product sales example, you would use the Unpivot command to create a record set 
that lists the product name, the month, and that month’s value on every row.

Unpivot Command in Power Query (Used with permission from Microsoft.)

The Unpivot command transposes the values into a vertical record set by converting 
the month field to an attribute and the actual value is then listed in a field labeled 
“value.” We will often change the field name attribute to the appropriate field name 
after the data has been unpivoted. In the case of this example, we would rename 
that Attribute field to Month and the Value field to Revenue.

Unpivot commands can be used in many programs. While you may be more familiar 
with using the paste command in Excel to transpose data, you will likely find that using 
unpivot commands makes this process even simple. 

Appending Data
To append data means to combine data from one data set with another data set. 
It’s a type of query that we use to perform this action on the data. We can use this 
type of command to create an inline append or intermediate append.

•	 An inline append will combine data sets until you achieve your final result; all 
the sets are combined, leaving just the combined set.

•	 An intermediate append will retain the separate data sets and also create a 
new data set with all the combined data.
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Let’s return to our earlier example of forecasting the next year’s sales numbers. 
Suppose we have different years with the data in individual pivot format. We 
can transpose that data to a vertical format and append the data sets into a new 
data set.  

When you are working with appends in tools like Power Query, the functions are 
called Append Queries. You can append data from one table to another, or you 
can append data into a new table. In this case, you are not only copying data but 
also creating an entirely new data set. The Append Query function allows us to take 
different tables of information and combine them into one.

Power BI/Power Query Append to New Query Statement (Used with  
permission from Microsoft.)

The screenshot shows an intermediate append in Power Query where we are 
combining the data sets from 2018 through 2020 into a single new data set for 
us to use.
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7

Review Activity:
Transpose and Append Data

Answer the following questions:

1.	 Which action reverses the direction of the data?

2.	 What does it mean to append data?

3.	 What command can you use to reverse the direction of the data?
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4

Topic 7C
Query Data

EXAM OBJECTIVES COVERED
2.3 Given a scenario, execute data manipulation techniques.

One of our key goals as data analysts is to merge multiple data sets into a single 
data set. The way we do this is by querying our data (also referred to as merging or 
blending data). At the end of the day, if you understand the basic concepts behind 
writing a query, then you can master any tool that is used to arrange that data into 
a single data set. 

Know that most data programs have some form of querying capability. Conceptually, 
they all work the same, although each program may refer to the process differently 
(merge, blend, or query).

Querying Data
You may find that the first step you perform as an analyst is querying the data. 
You will create your data set and then you will begin the data transformations, 
like combining names or creating functions. You will use joins when working 
with any two or more data sets that need to be combined into a single data set 
for reporting.

Let’s start with a list of invoices that we have in our database. This invoice table contains 
very valuable invoice details, but it’s missing customer details. It only contains the 
CustomerID, which is a foreign key (meaning CustomerID is the primary key in the 
customer table). For the data set to be more meaningful, it will need to include the 
customer’s name and their geography details, so that we cannot only report on these 
elements but also map that information in later visualizations. Because the information 
exists in two different tables, we will use a query to join them.
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Orders Table and Customer Table in Northwind Database (Used with permission from Microsoft.)

Consider these two data sets. Each table contains only the data it is designed to 
store for efficiency's sake. To combine this data into a single, more meaningful set, 
it must include the necessary key fields from each table. In our example, we can 
use the CustomerID field in each of the data sets to join the customers to the order 
information.

We bring this data into a query either through an SQL statement or a query 
designer, such as what’s used in tools like SQL Server Management Studio, 
Microsoft Access, or Tableau. You will leverage the key fields, which in this example 
is the CustomerID, to bring all the records together. Below you will see a screenshot 
of one such query designer in the process of merging the two data sets.

View of Basic Query in SQL Server Management Studio (Used with permission from Microsoft.)
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When a relationship in the database exists between the tables you are using in your 
query, it will automatically show the join line between the two tables on the key 
field. When a relationship doesn't exist, the analyst will need to create the join line 
by dragging and dropping the key field from one table to the key field in the other 
table. In the case of our screenshot, we would drag and drop CustomerID from 
the Customers table to CustomerID in the Orders table. The initial join type will be 
an inner join. This join type defaults to showing records that exist in both tables, 
which means it will only show customers that have made orders (and will not show 
customers that have not made an order).

Types of Joins
There are multiple join types that you can use when querying data, and it can be 
hard to understand which join would be best in any given situation. The decision 
about which join type to use should be based on what results you need from your 
data set.

•	 Cross join/Cartesian join: Data doesn’t have a direct join on a key field.

•	 Inner join: Data is joined so that only records that exist in both tables appear in 
the result.

•	 Left outer join: The left table displays all results of the left table, while only 
matching records in the other (right) table appear in the result.

•	 Right outer join: The right table displays all results of the right table, while only 
matching records in the other (left) table appear in the result.

•	 Full outer join: Data is joined so that all records, matched or unmatched, show 
in the results.

Join Type Diagram
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The Impact of Each Join to Data
Because joins ultimately control what data shows in the results, it is important to 
understand the impact of each type. Let’s return to our example, in which we want 
to query data from the customers data set and the invoices data set, and break 
down each outcome using different join types.

Cross Join

Cross Join on Customers and Orders in Microsoft SQL Management Studio 
(Used with permission from Microsoft.)

When tables are added to a query and no join is specified, the end result will be that 
each record in each table is tied together. In the case of our query above, this would 
associate each customer to every order in the orders table, meaning every order that 
has been placed will be associated to every customer regardless of whether its their 
order. When it does not know how to join the records through the key, it will default to 
joining every record to every record. Because of this, cross joins are rarely used.
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Inner Join

Inner Join on Customers and Orders in Microsoft SQL Management Studio  
(Used with permission from Microsoft.)

Inner joins are typically the default join type for most programs that query. The 
result of an inner join for this data set is that for every customer who has placed an 
order, there will be a record in the results. This means that by using an inner join, 
you will automatically exclude any customer who has not placed an order.

Left Outer Join

Left Outer Join on Customers and Orders in Microsoft SQL Management Studio  
(Used with permission from Microsoft.)
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Left outer joins specify that all records from the table on the left side and only 
matching records from the right table show in the results. In this case, the left table 
is the Customer table, which means all customers will show in the results whether 
they have no orders, one order, or multiple orders.

Left Outer for Customers and Orders Results (Used with permission from Microsoft.)

When a customer who has no order shows up in the results, it will produce a null 
for all the order fields (because that order doesn't exist).

Right Outer Join

Right Outer Join on Customers and Orders in Microsoft SQL Management Studio 
(Used with permission from Microsoft.)

Right outer joins function the same way as left outer joins, except in this type all 
records from the right table and only matching records in the left are shown in the 
results. This join type will also show Nulls when a match doesn't exist. With this join 
type, the results would make clear any instances where we have orders that did not 
have a customer record.
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Full Outer Join

Full Outer Join on Customers and Orders in Microsoft SQL Management Studio  
(Used with permission from Microsoft.)

A full outer join is like creating a left outer and right outer at the same time, 
meaning it displays the same results you would see if you ran both a left and right 
join query, but in one single set. This is a great way to troubleshoot potential bad 
records, or records due to be corrected. The result here would show all customers 
regardless of their orders, and also all orders.
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5

Review Activity:
Query Data

Answer the following questions:

1.	 Which action involves merging multiple data sets into a single data set?

2.	 Which join type results in a display that only contains records that exist 
in both tables?

3.	 Which join type is used the least, and why?

4.	 Which join type provides results that help us troubleshoot potential bad 
records or records due to be corrected?
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Lesson 7
Summary

After this lesson, you should understand that recoding is used to change the 
current value of a single data field or variable to a different value to make it more 
meaningful, group it more effectively for analysis, or correct the data. You’ve 
learned that imputing values means to replace data with an estimated value, such 
as average records or a predicted value. You’ve also discovered that reduction in 
data mining means reducing the volume of data. You should have learned about 
the different types of joins that affect the results shown by queries. You should also 
be able to recognize the reasons we transpose (reverse) data and append (combine) 
data.

Guidelines in Manipulating Data Sets and Joins

Consider these best practices and guidelines when working with data sets and joins.

1.	 When performing reduction of data, use caution in order to avoid invalidating 
the data.

2.	 Remember to mask values when working with sensitive data, or personally 
identifiable data (PII).

3.	 A data set sometimes needs to be transposed from the format we’ve received 
in order to be workable for other data formats.

4.	 When working with any two or more data sets that need to be combined 
into a single data set for reporting, querying may happen before the 
transformation process.

5.	 The different types of joins do not produce the same data sets. You must 
choose the type that best suits your needs.

Practice Questions: Additional practice questions are available on the CompTIA  
Learning Center.
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Lesson 8
Explaining Common Techniques for 
Data Manipulation and Optimization

LESSON INTRODUCTION
A common misconception that data professionals have is that they will be working 
with clean data of the appropriate data type, and that all of the data they need will 
exist in the data set. However, having data that is clean and ready for analysis rarely 
happens, especially when dealing with legacy systems (older technology). However, 
even when using modern software, there will always be an opportunity to clean and 
manipulate data to better suit your needs. 

Lesson Objectives
In this lesson, you will do the following:

•	 Use functions to manipulate data.

•	 Use common techniques for query optimization.
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Topic 8A
Use Functions to Manipulate Data

EXAM OBJECTIVES COVERED
2.3 Given a scenario, execute data manipulation techniques.
2.4 Explain common techniques for data manipulation and query optimization.

The most common reason for using functions is the need to create data that doesn’t 
exist in your database, or at least doesn’t exist in the way you might require it for 
reporting. Databases are already large, so storing every single calculation that you 
would ever use (or maybe never use) does not make sense. The data that is stored 
can provide you with valuable information that can be used to create data. You can 
also use functions to manipulate data, such as conversion-related or format-related 
functions. 

Text Functions
Several text functions can assist a data analyst in working with text-based fields. 
The type of text-based function you may need will be based on the data you are 
working with and the challenges it may present. When working with a software 
system and its fields, you will learn the nuances of that data. It could be that the 
data has non-printable characters (e.g., spaces) in the field, which might require you 
to use functions like TRIM and/or CLEAN. The TRIM function removes spaces that 
are not legitimate spaces between words from data fields, while CLEAN will remove 
all non-printable characters. 

Microsoft Excel Trim Function to Remove Leading and Trailing Spaces  
(Used with permission from Microsoft.)

At times, non-printable characters are present because the type of system design 
has a defined number of characters for a field, whether or not they are used. The 
outcome means that when the data is exported, it includes non-printable characters 
and/or spaces. As shown in this screenshot, the TRIM function can be used to 
remove these spaces.
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To isolate characters from a field, you could use functions like LEFT(), RIGHT(), and 
MID() to create fields that just contain those characters. As an example, suppose 
that a system stores a person’s entire social security number, but you only want to 
display the last four characters (numbers in this case). To accomplish this, you could 
build a function that would isolate the four right-most characters of that field (see 
Excel screenshot). 

Microsoft Excel Right Function to Extract the Last Four Characters (i.e., Digits) of the Social Security 
Number (Used with permission from Microsoft.)

Here is a list of common functions in Excel that you may find helpful when working 
with text. Knowing how these functions work is beneficial for your work not only 
in Excel, but also because you will see these same types of functions in other 
programs that do data prep, such as Power Query and Tableau Data Prep.

•	 =TRIM() – Trims leading and trailing spaces.

•	 =CLEAN() – Removes all non-printable characters.

•	 =LEFT() – Removes a number of characters from the left side of the field.

•	 =RIGHT() – Removes a number of characters from the right side of the field.

•	 =MID() – Removes a number of characters from the middle of the field.

•	 =UPPER() – Converts the field to uppercase.

•	 =LOWER() – Converts the field to lowercase.

•	 =PROPER() – Capitalizes each word.

•	 =LEN() – Produces a number that tells you how many countable characters are 
in that field.

These types of text functions already exist in many data prepping tools, so you will 
not need to create a function to accomplish this type of task—you can just execute 
that function for a particular column. For example, in Power Query, you can execute 
a text function by selecting Transform and choosing from a menu of options, as 
shown in the following screenshot.
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Transform Option in Microsoft Power Query (Used with permission from Microsoft.)

While these sorts of commands used to be completed by manual function building, 
data prep tools now have basic transformation commands built in.

Combining Data Fields
When working with data, you might need to combine multiple fields into a single 
field using a merge fields function, or CONCATENATE function. As a common 
example, first and last name are both commonly used in a concatenation formula to 
create a display name. Another reason for combining fields of information is to form a 
unique key for that record. For instance, you might want to produce a unique index 
that includes not only a number, but other information,  
(e.g., “Customer 1” versus just “1”).

Let’s walk through how to perform the basic CONCATENATE function in Excel, which 
is commonly used to combine different address fields to create and display a single 
consolidated address.

CONCATENATE Function in Microsoft Excel (Used with permission from Microsoft.)
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In this function, the syntax allows us to add each field and necessary character to 
create a proper display of the newly created address. Now our address is in one 
field that is ideal for display purposes on reports.

When you use data prep tools, this type of data transformation may be referred to 
as Merge Fields (or something similar).

Merge Columns in Excel Power Query (Used with permission from Microsoft.)

In Power Query, the Merge Columns command will produce the same end result as 
CONCATENATE.

Parsing Strings for Information
Parsing means to break data into parts. When we parse strings, we are extracting 
data out of a field for use. For example, if you want to sort data by last name and 
first name, but these names are combined in the same field, you will need to break 
the data into individual fields.
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Using Split Columns in Microsoft Power Query to Create Individual Names (Used with permission 
from Microsoft.)

Using the comma, we can break the SalesPersonName field into the last name 
and first name. In our screenshot, we have duplicated the SalesPersonName field 
because we want to keep the original for display purposes. We then navigated to 
the Split Column command, and chose to split by delimiter (in this case, a comma) 
to create new fields as seen in the next screenshot.

Final Result of Split Column in Microsoft Power Query (Used with permission from Microsoft.)

Now, we have two additional fields: SalesPersonName - Copy.1 and 
SalesPersonName - Copy.2. We can rename these to be more meaningful (such as 
“LastName” and “FirstName”) and can use them to sort the data in the column by 
last name and first name.
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Another scenario in which you might parse data strings would be when a company 
uses a group of fields to form a nomenclature or customer ID that represents 
different pieces of information. The presence of a delimiter in a field (such as 
dashes) can signal that the field contains different pieces of information, and that 
we may need to break it out into separate fields to work with its individual parts. 
For example, a company could have created a product number which combines the 
location ID, product number, and warehouse ID into a single field, using a dash to 
separate each individual piece of the information. We can then use this field, and 
the dash, as a method to break information out into their respective columns.

Breaking Apart Product Number into Fields by Using Text to Columns and Delimiter in Microsoft 
Excel (Used with permission from Microsoft.)

As you can see in our screenshot, the original ProductNumber field has been 
broken into three different columns to show the Location ID, the Product Num, and 
the Warehouse ID.

Date Functions
We live in a world that operates around time, so you are likely to encounter date-
related data in your organization. Date fields reveal important information, such 
as when a product is ordered, shipped, and delivered. Date functions can help us 
derive valuable attributes from date fields, such as determining the day of the week, 
the week number, or the month or year from a single date. We can also use date 
functions for further analysis, such as determining how long it takes to accomplish a 
task (e.g., the amount of time from when an order is created to when it is delivered). 
You can also use dates to signal the start of a process. There are several software 
automation tools (such as Microsoft SharePoint, SalesForce, and PowerAutomate) 
that support workflows that are triggered by different calculations and dates.

As a data analyst, you will encounter many different reasons to use date functions. 
Here are some of the most common functions and their purposes:

•	 NOW()—This function uses the computer system time to tell the current date 
and time of a calculation. When you use NOW() and another date like ShipDate in 
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a function together, it can tell you how many days have elapsed from the time it 
was shipped, or how many days are left until it should be shipped.

•	 TODAY ()—This function gives you the date but not the time.

•	 DATEDIFF()—This function can be used to calculate the amount of days between 
two dates: a start date and an end point. NOW() or TODAY() is that start or end 
point for the DATEDIFF(). 

•	 NETWORKDAYS()—This function calculates how many business days exist 
between a start and end date. Business days are Monday through Friday, 
excluding Saturdays and Sundays.

•	 WEEKDAY([StartDate])—This Excel function will return a number 1 through 7 to 
designate the day of the week.

•	 WEEKNUM([StartDate])—This Excel function will return the number of the week 
of that year as 1 through 52.

•	 MONTH([StartDate])—This function returns a 1–12 to designate the month of 
the year.

Most software will have some variation of these date functions that you can use for 
your analysis.

Data analysts will commonly use date tables that are already prefilled with date 
information for every date of the year. In this type of table, you would see items 
like Month Name, Month Number, Quarter, Year, and Day of the Week. The use of a 
prefilled date table saves you from having to write these calculations over and over. 
Some common data tools will allow you to use queries to generate a date table for 
the purposes of your analysis. 

Sample Date Table Displayed in Microsoft Excel (Used with permission from Microsoft.)

You can then join this date table within your data model, so that you do not have to 
calculate these types of standard date functions.

Logical Functions and Conditional Data
Logical functions will check if a condition is met and return a result based on 
whether or not the condition is met. Logical functions work with data that is either 
true or false. There are several types of logical functions; a couple of examples are 
IF, ISNULL, AND, and OR.

An IF function is a logical function that uses a logical test to validate whether a 
condition is true or false. The logical test will return a specified value if the condition 
is true and a different value if the condition is false.

To demonstrate one possible use of the IF function, recall the scenario introduced 
in Lesson 6 in which NULL values for the ship date field indicated that a product had 
not yet shipped.

Instead of leaving the blank values in this field, you could write an IF function to 
create a logical test that verifies whether that field is null. If the ship date field is 
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empty, the IF function would return the words “Not Shipped,” and if the field has 
a date, the function would return the date the product was shipped. The function 
would look similar to this: IF(ISNULL(ShipDate),”Not Shipped”, “ShipDate”). The IF 
function could thereby provide a more readable field.

Although the syntax of functions will vary between programs, a logical function can 
be used to test whether a condition of the data is true or false and then supply the 
appropriate value.

Aggregation and the Basic Types of Aggregate Functions
There are functions that we write on a row-by-row basis, like an IF function or 
date conversion. In contrast, aggregate functions are written for all or a group of 
records, not just for a single record. Aggregate functions work with a column of data. 
For example, to calculate the total of all orders you would use the SUM function. To 
obtain the total number of orders placed by a region, you could group the records 
by region and then use an aggregate function like COUNT to count them.

Many people are exposed to aggregate functions through their use of Excel. For 
example, the Auto Sum feature is a familiar aggregate function used to total a column.

Here are some common examples of aggregate functions:

•	 SUM will add all the records together to produce a total. You will see this 
function used for amounts and quantities.

•	 COUNT will count all the records as individual lines to produce a record count.

•	 DISTINCT COUNT will count all the records in that column, but will only count 
the field one time, even if it appears multiple times.

•	 AVERAGE will total all the values in that column and then divide them by the 
count of values.

•	 MAX will give the largest value in that column.

•	 MIN will give the smallest value in that column.

System Functions
Most reporting tools come packaged with system functions that track report-
related information (such as page numbers, refresh dates, report names, and 
more), removing the need for you to manually add this information. These 
functions provide the people who will read your reports with valuable insight about 
them. You may find that you commonly use system functions in the headers and 
footers of your reports. Here are some examples of helpful system functions:

•	 When running a weekly report, you may want to provide readers with its 
run date or refresh date/time. This information lets everyone know that the 
data is only up-to-date to that specific date or time. For instance, if a report 
is dated Thursday at 5 p.m., people viewing the report on Friday at 8 a.m. will 
automatically know that this data does not include events that occurred later 
Thursday night.

•	 Another helpful system function provides page numbers for paginated reports. 
This function is convenient when a report is multiple pages long, as the software 
will automatically generate page numbers.
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3

Review Activity:
Functions to Manipulate Data

Answer the following questions:

1.	 Which function removes all non-printable characters? Which function 
trims leading and trailing spaces? What type of function would we use to 
classify these as?

2.	 Which function is used to combine data fields?

3.	 If you had a data set with a column for Full Name, and you needed 
columns for First Name and Last Name, what action would you need to 
perform?

4.	 The TODAY function will provide and not provide what, respectively?

5.	 Which function is used to test whether a condition is true or false?

6.	 SUM, COUNT, DISTINCT COUNT, AVERAGE, MAX, and MIN are all what 
type of function?

7.	 Which function type is program or tool dependent?
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8

Topic 8B
Use Common Techniques for  
Query Optimization

EXAM OBJECTIVES COVERED
2.4 Explain common techniques for data manipulation and query optimization.

One of the outcomes of our work as data analysts is to hand data via dashboards or 
paginated reports to decision makers. In some cases, we also want these decision 
makers to be able to run these reports themselves. As analysts, one of our goals is 
to ensure that we write not only accurate queries with valid information, but also 
that we write them so that they are as efficient as possible.

In some organizations, there are specific job roles dedicated to optimizing query 
performance. The data analyst also uses techniques for optimizing queries. It could 
be that we leverage indexing or temporary tables to improve query performance, 
if our permissions allow us to do this. We can also write nested queries, verify the 
query execution plan, and increase performance where available for us to make 
changes.

Filtering Data
Databases will store all the data collected over time, but as a data analyst you will 
have the need to report on a specific date period or specific product. When this 
is the case, you will likely want to filter your data on the query level to reduce the 
amount of information that appears in the result.

If you are filtering your data in an SQL statement, you will be filtering it through the 
Where statement, as shown here.

SELECT ORDERID, ORDERDATE, ORD_AMOUNT

FROM Orders

WHERE ORDERDATE > 1/1/2020

When the query is executed, this code will only show the data that meets the 
specific requirements you set in the Where statement. In this example, the query 
will only show Order dates that are greater than Jan. 1, 2020. Every order before 
Jan. 1, 2020 will be excluded, giving you a much smaller data set. We will dig deeper 
into the variations of filters and types of filters in a later lesson.

When you hard code a filter into a Where statement, it will always show only the 
data indicated with the filter. If you need to see different data every time you run 
this query, you would want to deploy another strategy instead, like the use of 
parameters. 
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Parameterization
A parameter is a method of adding a criteria to a query that can be used to filter 
and reduce the result set. Queries that pull a large amount of data over time can 
take a long time to process. One way to optimize data is by specifying a parameter 
in the query that filters the data before the result set is run, showing only what you 
need in the results.

The user who runs the query can either manually add values to the parameter, 
or these values can be pulled from another place in the software, leveraging the 
back-end design. For example, if a user executes a query on a particular product, 
the software itself can tell the query what value should be used to filter the data, 
through a parameter that’s already been designed.

The benefit of parameters is that you start your work with just the data that you 
need versus bringing all of it into a tool like Tableau and filtering the data there.

AdventureWorks 2019 Order Details Report in Crystal Reports 2016 (Copyright © 2021 SAP SE or an 
SAP affiliate company. All rights reserved.)

The report displayed in the screenshot contains all data from Jan. 1, 2011 up until 
the end of 2014, which is when the data contained in this system ends. When this 
report is run without parameters and filters in place, we are provided with all the 
data in the table, producing 143 pages of reporting information. If we only want to 
look at certain periods of time, we can use parameters to filter out only what we 
need.

You can also develop parameters into reports that prompt you to enter 
information. These parameters are then used to pass data back to the command 
that filters the data, allowing you to run different data sets from a single report by 
changing the parameter.
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Screenshot of Parameters in Crystal Reports 2016  
(Copyright © 2021 SAP SE or an SAP affiliate company. All rights reserved.)

As you can see in the screenshot, we have developed a parameter for the DueDate 
of the report. We then place that parameter into the filter of the report, which in 
Crystal Reports is called the Select Expert.

Parameter Prompt in Crystal Reports 2016  
(Copyright © 2021 SAP SE or an SAP affiliate company. All rights reserved.)

Now that we have developed the parameter, when we execute the report it will 
prompt us to enter our date, at which point it will filter the data accordingly. In the 
screenshot, we can see the filter is set to only include data from June 30, 2014 and 
on, resulting in a 24-page result. This is a drastically smaller and more manageable 
report than the original.

As with other techniques we have learned, each software we might use will handle 
the creation and use of parameters differently. For example, parameters can be 
directly coded in SQL statements to read data. When a query is run, the data is 
passed to the SQL statement and filtered to show only information related to the 
specified parameters. This process happens entirely in the back end of the system, 
but the end user sees the results. 
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Indexing Data
Fields that will be commonly sorted, queried, or filtered will likely be indexed. 
Indexing is a field property setting that tells the database that a field needs to be 
indexed. It’s an internal processing that just controls how much data must be looked 
at when processing the data for queries. When fields are indexed, it makes data 
processing faster and ultimately speeds up the performance of the query. There are 
some fields that are automatically indexed when they are created, like key fields. 

If you have access to the back-end database, you can confirm whether a field is 
indexed or not. However, you will need edit permissions for the database to change 
the properties. See the following screenshot for how to access the index in SQL 
Server Management Studio. 

Indexes/Keys Screen via SQL Server Management Studio (Used with permission from Microsoft.)

You can right-click any field in the table to access the index and keys for that table.

Temporary Tables
A temporary table is a table that is stored on the database server until a user 
disconnects from the server. Similar to a permanent table, temporary tables 
provide records, but they are for temporary use only. These temporary tables can 
improve processing speeds for queries simply because they likely contain a smaller 
number of records than the permanent table. 

Most of this type of querying occurs in the backend of databases.As a data analyst, you 
may never see these processes if you don't have access to the design. 

Temporary tables can be created through SQL statements. Create the table using 
the Create Table syntax, and then add records to the temporarily created table 
using Insert syntax. You would create the table when querying the permanent table. 
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Create Table Syntax for a Temporary Table in Microsoft SQL Server Management Studio (Used with 
permission from Microsoft.)

Temporary Table Found in Tempdb in Microsoft SQL Server Management Studio (Used with 
permission from Microsoft.)

Subquerying and Subsets of Information
In cases where you might not have the ability to create temporary tables within 
the design of a database, you may need to subquery information to get a subset of 
information.

A subquery, also commonly referred to as a nested query, is a query that is nested 
inside another query statement. Subquerying a subset of information means 
accessing a smaller set of data rather than querying the whole table. Reducing the 
data to only what you need will improve the performance of the data.
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To demonstrate the use of a subquery, suppose that you need sales data, but only 
for the highest-priced item on that day. Without a subquery, you would have to run 
a query to get all of the sales data and then run another query to get the Max. With 
a subquery, you can basically run them together. In the screenshot, you can see the 
syntax used for the subquery.

SQL View of a Subquery That Pulls the MaxUnitPrice in Microsoft SQL Server Management Studio 
(Used with permission from Microsoft.)

A subquery is placed within the statement of another query, allowing you to narrow 
the results of the query to only the data that you need. Anytime you query another 
query, you are creating a subquery. The original query must execute first. The 
nested query returns a specified subset of that retrieved data and provides the end 
result of the two queries.

Query Execution Plan
A query execution plan is the order of steps in which a query is processed. It 
is a visual representation that provides details about how the query executes. 
The query execution plan includes an estimated execution plan of possible 
requirements for executing the query and the actual execution plan that is known 
once the query has been executed.

The estimated execution plan can reveal areas of high server usage to process the 
information. 

Your organization will likely have employee database administrators who spend time 
fine-tuning queries for optimal performance of the queries and also the server.
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Display the Estimated Plan Generated in Microsoft SQL Server Studio (Used with permission from 
Microsoft.)

In the case of queries that take a long time to execute, you can view the estimated 
execution plan beforehand, as shown in this screenshot.

When running the query, including an actual plan gives you a tab that lets you 
review the execution plan. 

Including the Actual Execution Plan (Used with permission from Microsoft.)
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When viewing the query execution plan, each part of the graphical representation 
can be hovered over for a more detailed view of each step and its impacts. When 
you build queries for large data sets, you will want to deploy strategies like this to 
execute your queries faster. 

Visual View of the Query Execution Plan (Used with permission from Microsoft.)
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9

Review Activity: 
Common Techniques for  
Query Optimization

Answer the following questions:

1.	 What can you create to optimize data load time and filter data to certain 
criteria?

2.	 What fields are automatically indexed when they are created?

3.	 When does a temporary table stop being stored on the database server?

4.	 What is being created when querying another query?

5.	 What are the two types of query execution plans?
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6

Lesson 8
Summary

After this lesson, you should be able to describe some of the common types of 
functions that a data analyst will use to manipulate data: text functions, merge 
functions, parsing, date functions, logical functions, aggregate functions, and 
system functions. You should also have gained some additional strategies for 
optimizing your queries and be familiar with back-end options, like temporary 
tables and parameters.

Guidelines for Data Manipulation and Optimization

Consider these best practices and guidelines when manipulating data and 
optimizing queries.

1.	 Text functions can help you clean up leading and trailing spaces, delete non-
printable characters, and remove a set number of characters.

2.	 You can also use text functions to transform data, like changing the case, 
counting the length, or joining characters (CONCATENATE).

3.	 You will use date functions and date tables in your day-to-day life, so make 
sure you are very familiar with them.

4.	 Logical functions are used when you need to test whether a condition of the 
data is true or false, and then to supply the appropriate value.

5.	 If you need to perform a calculation for all or a group of records, rather than 
for a single record, you will want to use an aggregate function.

6.	 System functions, packaged with most reporting tools, eliminate the need for 
you to manually track information about your report.

7.	 Filters can be applied to any data set to reduce the volume of data in the 
results.

8.	 Parameters are a way to specify filters to data and can be used through the 
backend of the data sets or through users answering prompts.

9.	 A subquery allows you to run two queries together and improves the 
performance of your data.

10.	 A query execution plan helps you estimate how the query will process. There 
are often people dedicated to this role when maintaining large-scale systems.

Practice Questions: Additional practice questions are available on the CompTIA  
Learning Center.
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Lesson 9
Applying Descriptive Statistical 
Methods

LESSON INTRODUCTION
The work of a data analyst involves summarizing overall findings and insights after 
analyzing the data. Data analysts describe data in conversations and presentations, 
and thus learning how to describe the data through various methods (e.g., averages 
of data, range of data) is a necessary part of the analyst’s role. Data analysis also 
draws conclusions about the distribution of data and may show these findings 
visually in many workplace scenarios.

At the beginning of a project, descriptive statistical methods are invaluable 
for understanding your data and finding issues that need to be addressed. 
Understanding how to describe your data will help you to either be confident in 
the accuracy and quality of the data, or speak to a lack of confidence in the data, 
depending on what your analysis reveals.

Lesson Objectives
In this lesson, you will do the following:

•	 Use measures of central tendency.

•	 Use measures of dispersion.

•	 Use frequency and percentages.
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Topic 9A
Use Measures of Central Tendency

EXAM OBJECTIVES COVERED
3.1 Given a scenario, apply the appropriate descriptive statistical methods.

The measures of central tendency are mathematical functions used to find the 
center of a data set. Although these mathematical functions are easy enough to 
calculate by hand, the software we use today makes them even easier to perform. 
When approaching a new data set, you will be expected to determine the measures 
of central tendency at a minimum. The answers to these calculations are the 
beginning of your discovery of what’s in the data and will help you to describe the 
data during your analysis.

Overview of the Measures of Central Tendency
When working with data, finding the central or middle values in the data can help 
you to describe the overall data set. Whether you are analyzing sales orders, 
student scores on an achievement test, or any other data set, the calculation of 
these functions will provide insights into your data. The most common measures of 
central tendency are the mean, the median, and the mode.

•	 Mean is the average of a set of numbers, calculated by adding all the values and 
then dividing that sum by the total number of values.

•	 Median is the middle number within a group of sorted numbers. When two 
middle numbers exist, they are then averaged to calculate the median.

•	 Mode is the number that shows up most often in a data set. It may also be 
referred to as the modal value.

Mean
The mean, or average of a group of numbers, has many uses in data analysis. To 
find the mean, add all the values together, count the number of values, and divide 
the sum by that number. Most programs will have a mathematical function for the 
mean, so you do not have to manually perform the calculation. For example, in 
Excel, this function is called the average.

Here are just a few examples of when it might be helpful to determine the mean 
within a workplace:

•	 A company is analyzing the annual sales goals for next year. The organization 
wants to look at sales performance for the last three years to determine what 
they will forecast for the next year. As opposed to just relying on guesswork, 
calculating the mean of total sales for those three years would give an average 
value based on sales history that the company can use with more confidence to 
develop their future sales goals.
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•	 A company is setting goals for its employees in sales, as well as gauging 
performance of a new salesperson. The mean can help the company decide 
what performance should be expected. For example, the average sales achieved 
by every new salesperson in the first year could serve as the initial first-year 
target goal for all new salespeople. The mean provides a valuable and realistic 
goal for each new salesperson hired.

Calculating the Mean

To demonstrate the steps of calculating the mean, let’s use an example of test 
scores. The mean of a group of scores can provide insight into the performance of a 
group of students. For example, suppose a school has two eighth-grade classrooms. 
In this scenario, you can use the mean to calculate the average test score for each 
classroom as well as the school’s entire eighth-grade average (i.e., the mean of 
scores for all eighth-grade students).

Student test scores are grouped by classroom. The mean score can be calculated for 
classroom 105, classroom 106, and both classrooms, as shown in the accompanying 
screenshot. These averages can be compared with one another to obtain insight into 
that school year’s eighth-grade test scores, as shown in the next two screenshots.

Grade Level Classroom Number Student Score
8th 105 75
8th 105 80
8th 105 95
8th 105 55
8th 105 80
8th 105 88
8th 105 99
8th 105 75
8th 105 70
8th 105 90
8th 105 85
8th 105 70
8th 105 95
8th 105 80
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Grade Level Classroom Number Student Score
8th 106 75
8th 106 80
8th 106 45
8th 106 55
8th 106 80
8th 106 88
8th 106 85
8th 106 75
8th 106 70
8th 106 85
8th 106 85
8th 106 70
8th 106 75

The mean score for classroom 105 is 81.21 and is three points higher than the 
collective average of both classrooms. The mean score for classroom 106 is 74.46, 
which is three points lower than the collective average of both classrooms.

The mean is a very versatile calculation that returns a single aggregated value, but 
keep in mind that the mean is just one value that can be determined for a group of 
numbers. When combined with other descriptive statistics, the mean can create a 
valuable set of information for a business to use.

Median
The median, the middle value within an ordered set of numbers, allows you to 
establish a midpoint value for the data and see how many values are above or 
below it. Sometimes, the median can be more meaningful than the mean when 
describing data, as we can demonstrate using our example of student test scores. 
Recall that the average score is a 77.96 for both eighth-grade classrooms. The 
average is determined based on the total of all the numbers, so a few high or low 
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scores can skew the mean, making this measure less informative in assessing 
student performance. To address this flaw, we’ll find the middle score (median) for 
both classrooms

1.	 First, sort the values in ascending or descending order.

2.	 Next, determine the score that is in the middle. Because the total number of 
scores is an odd number, we can pinpoint the exact middle value, which in this 
case is 80.

A median score of 80 means that at least half of the students scored above 80, even 
though the average was only 77.96. These measures indicate that a few students 
scored really low, thereby bringing down the mean/average. 

Determining the Median for All Eighth-Grade Test Scores 

Continuing with this example, let’s next determine the median for each individual 
classroom. Classroom 105 has 14 students, an even number, and classroom 106 
has 13 students, an odd number.

1.	 First, sort each classroom by scores in ascending order.

2.	 For classroom 106, with an odd number of students, simply find the number 
directly in the middle.

3.	 For classroom 105, with an even number of students, average the two middle 
scores in the list to determine the median.
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Determining the Median for the Test Scores of Each Classroom, One with an Odd Number  
of Values and One With an Even Number of Values

The data set in this screenshot reveals that students scored lower overall in 
classroom 106 based on both the mean score (74.46) and the median score (75), 
as opposed to the mean and median scores for classroom 105 (81.21 and 80, 
respectively). We can also draw possible conclusions about student performance 
within each classroom based on the median scores. For example, in classroom 106, 
the median score of 75 is higher than the classroom average of 74.46, suggesting 
that only one or two low scores may be driving the class average down. 

As this example demonstrates, looking at both the mean and median may help you 
to spot outliers in the data more effectively. Outliers are values in the data set that 
don’t seem to be within the norm of all the other data. For instance, in the analysis 
of eighth-grade student test scores, a few very high or low scores were outliers 
that impacted classroom averages and overall measures of eighth-grade student 
performance.

Mode
The mode is determined by counting which values show up most frequently in a 
set of numbers. Simply count how many times each single number shows up in 
the data, and the number that shows up the most is the mode. Continuing with 
the example of student test scores, you can determine the mode either by using a 
calculation or by manually counting. You may end up with either a single mode or a 
multiple mode.

•	 A single mode is one single number that appears most often in the data set.

•	 A multiple mode exists when two or more numbers appear an equal number  
of times.
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In Excel, you can use the calculations =MODE.SNGL or =MODE.MULT to return the 
mode on a group of numbers. The following screenshots show how to determine 
the mode for Classrooms 105 and 106.

Determining the Mode for Classroom 105 (Single Mode)

For classroom 105, the score of 80 is the mode because it has the highest 
frequency, appearing three times in the data set. 

Determining the Mode for Classroom 106 (Multiple Modes)

For classroom 106, there are two modes: 75 and 85 are the most frequent scores, 
each showing up three times in the data set.
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Review Activity:
Measures of Central Tendency

Answer the following questions:

1.	 Which measure of central tendency is calculated by adding all the values 
together, counting the number of values, and dividing the sum by that 
number?

2.	 What are values in the data set that don’t seem to be within the norm of 
all the other data?

3.	 Which measure of central tendency is the middle value within an 
ordered set of numbers?

4.	 When you count which value shows up most frequently in a set of 
numbers, what will you end up with? What if two or more values show 
up an equal amount of times?
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Topic 9B
Use Measures of Dispersion

EXAM OBJECTIVES COVERED
3.1 Given a scenario, apply the appropriate descriptive statistical methods.

Along with measures of central tendency, you will also use measures of dispersion 
to determine how spread out the data is from the center of the data set. You will 
learn how to calculate range, variance, standard deviation, and z-scores to better 
describe your data set and the distribution of your data points. Knowing the 
variability and distribution of your data will help you determine accurate tests to 
use in further analysis.

Overview of the Measures of Dispersion
Several measures commonly used to determine the distribution (“spread”) of a data 
set are described below.

•	 Min, which stands for minimum, is the smallest number in the data set.

•	 Max, or maximum, is the largest number in the data set.

•	 Range is the difference between the highest and lowest values.

•	 Variance is the average squared distance from the mean of the data for a single 
data point.

•	 Standard deviation shows how dispersed the data is in relation to the mean of 
all of the data. 

•	 A z-score shows how many standard deviations a data point is from the mean.

These measures can be manually calculated fairly easily if you know how to look for 
their values. However, practically speaking you will likely use the functions that are 
built into programs like Excel, Tableau, or SPSS (a popular statistical analysis tool) to 
perform these types of calculations.

The Range of Data
To find the range of a data set, you must start by finding the highest (maximum) 
value and the lowest (minimum) value. Then subtract the lowest value from the 
highest value to determine the range of the data.

Let’s revisit the example of student test scores to calculate the range. As shown in 
the following screenshot, test scores are sorted lowest to highest. The first value is 
the minimum, and the last value is the maximum. These are the two key values you 
need to determine the range.
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Identifying the Min and Max in a Data Set

The first value is the minimum, and the last value is the maximum. These are the 
two key values you need to determine the range.

We subtract the minimum number (55) from the maximum number (99) to calculate 
the range. In this example, the range is 44.

The range of 44 shows us that there is a lot of variability in this data set, and it’s likely due 
to an outlier. Remember that an outlier is a value that lies far outside the norm of the 
other data points. In this case, the outlier could be a very low score or a very high score. 
Let’s look at the mean, median, and range of the data together for classroom 105. 

Range of the Entire Classroom 105
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If the highest and lowest scores were closer in value, the range would be smaller, 
indicating less variation in the data set. For example, removing the highest score of 
99 and the lowest score of 55 would drive the range value down, as shown in the 
next screenshot.

Range After Removing the Highest and Lowest Scores

When the highest and lowest scores are removed, there is now only a 25-point 
difference between the highest and lowest values, as opposed to the original range 
of 44 points. As this example demonstrates, the range is smaller when the values 
are closer together.

Note that by itself, the range does not provide enough information about the 
distribution of data when the data set contains an outlier. Range will often be used as 
part of another function to help determine the distribution. 

Standard Deviation
Standard deviation is a statistical measure of variability that uses all the data 
points in the data set and shows how dispersed the data is in relation to the mean. 
Standard deviation is represented by the formula shown.

Formula for Standard Deviation Calculation

In the formula, x represents each of the values of the data, x-bar is the mean, n 
represents the number of data points, and the sigma symbol is used to denote a sum.

The standard deviation formula is calculated using the following steps:

1.	 For each value in the data set, subtract the mean and square that number. 
Then add together the results of these calculations and divide that sum by the 
total number of values in the data set minus one. The result of this calculation 
represents the variance—the average squared distance from the mean of the 
data for a single data point.

2.	 Determine the standard deviation by taking the square root of the variance.
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Calculating Standard Deviation

Let’s break this formula down to make it more understandable. This easiest variable 
to determine is n, which represents our sample size (number of values). Using the 
example of student test scores for classroom 105, n is the total number of student 
scores for the class. You can use a count function or manually count the number of 
data points to determine n.

Grade Level Classroom Number Student Score
8th 105 55
8th 105 70
8th 105 70
8th 105 75
8th 105 75
8th 105 80
8th 105 80
8th 105 80
8th 105 85
8th 105 88
8th 105 90
8th 105 95
8th 105 95
8th 105 99

There are 14 scores. For this part of the formula, subtract 1 from 14 to get 13, and 
use this number as the denominator in the standard deviation calculation. 

Next, we need to calculate the value for x-bar, a statistical symbol depicted as an x 
with a line above it. The x-bar represents the mean of the scores, which in this case 
is 81.
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The next step is to calculate (x – mean)2  for each student score. The x represents 
each value of the data (or each individual student score). Thus, we subtract the 
mean from each student score and then square that value.

Student Score − Mean = (Score – 81)
55 – 81 –26
70 – 81 –11
70 – 81 –11
75 – 81 –6
75 – 81 –6
80 – 81 –1
80 – 81 –1
80 – 81 –1
85 – 81 4
88 – 81 7
90 – 81 9
95 – 81 14
95 – 81 14
99 – 81 18

Deducting the Mean from the Score

For example, for the first score, the calculation is 55 – 81 = –26. Perform this same 
calculation for all other individual scores in classroom 105.

Then we square each resulting value by multiplying the number by itself.

Student Score − Mean = (Score – 81) (Score – Mean)2

55 – 81 –26 676
70 – 81 –11 121
70 – 81 –11 121
75 – 81 –6 36
75 – 81 –6 36
80 – 81 –1 1
80 – 81 –1 1
80 – 81 –1 1
85 – 81 4 16
88 – 81 7 49
90 – 81 9 81
95 – 81 14 196
95 – 81 14 196
99 – 81 18 324

Squaring the Values
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For the first score, we multiply -26 x 26 to get a value of 676. This same calculation 
is performed for every score in the data set.

Note that, mathematically, when you square a negative value it returns a positive value.

Now that we’ve calculated the (x – mean)2 value for each student score, we will total 
(or sum) the results, which gives us our numerator: 1,855. We divide our numerator 
by our denominator: 1,855 / 13 = 142.69.

The final step is to determine the square root of the resulting value. In mathematics, 
the square root of a number equals the number that, when multiplied by itself, 
yields that given quantity.

The square root of 142.69 is 11.945, or 11.95 after rounding (11.95 x 11.95 = 142.69). 
11.95 is our standard deviation for the entire group of scores in classroom 105.

There are multiple ways to achieve the square root of a value, but the most 
common is to use the square root button on a calculator.

Using a Scientific Calculator to Determine the Square Root
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Meaning of Standard Deviation

Standard deviation gives a more accurate depiction of the average distance of the 
values from the mean, providing a better understanding of the variability within a 
data set. A low standard deviation indicates that the values are closer to the mean, 
whereas a high standard deviation tells you the values are more spread out, and 
thus further from the mean.

In our example of student scores, the mean score was 81, and on average, the data 
values were about 11.95 points either way plus or minus from that mean.

Z-Scores
To determine how data is distributed, we can calculate the z-score of each individual 
data point and then visualize it. A z-score is used to pinpoint how many standard 
deviations away from the mean a value actually is. Calculating the z-score allows us 
to easily see if our data is following the empirical rule and clearly shows how much 
deviation is occurring in the data through a visual. The z-score is calculated using 
the following formula

Formula for Z-Score Calculation

In the formula, s is the standard deviation of a sample, x represents each value in 
the data set, x-bar is the mean of all values in the data set, and z is the standard 
score.

Continuing with the data set for classroom 105, let’s calculate the z-score for the 
student with a test score of 55. Using our formula, x = 55; the x-bar (mean) is 81; and 
S is the standard deviation, which we previously calculated as 11.95. The calculation 
is performed as follows: (55 – 81 ) / 11.95 or –26 / 11.95 = –2.18. This z-score means 
that the student’s test score is a little over 2 standard deviations away from the 
middle of the data. (On a distribution curve, this data point would be placed on the 
left side of the bell curve. We’ll show visuals of the distribution curve in the next 
section.)

Next, let’s calculate the z-score for our highest score, which is 99. Plugging in our 
values, we calculate (99 – 81) / 11.95 or 18 / 11.95 = 1.51. The highest test score for 
classroom 105 is a little over 1.5 standard deviations away from the center of the 
data.
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The next image shows the z-scores for all of the test scores, indicating their overall 
distance from the center of the data.

Z-Score Values for All of Our Student Test Scores

In Excel, we can use the STANDARDIZE () function to calculate z-scores.

STANDARDIZE Function in Excel (Used with permission from Microsoft.)

Distribution of a Data Set
It’s important for the analyst to understand that, mathematically, you can have two 
vastly different data sets that have the same middle point. Therefore, knowing how 
all of the data is distributed makes a difference in your ability to describe the data 
set. Let’s review some of the statistical measures discussed so far and consider how 
each can affect the distribution of data points:

•	 The mean, median, and mode involve analyzing the center of the data set.

•	 The range provides information about the outermost values.
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•	 Standard deviation shows how much of the data deviates from the middle point.

•	 The z-score is used to pinpoint how many standard deviations away a value lies 
from the mean.

Using these statistical measures, the analyst can visually depict the type of data 
distribution for a data set. Data with normal distribution follows a bell shape 
curve, with the mean being the middle and all other data following three points 
to the left or three points to the right of the mean. In normal distribution, the 
empirical rule refers to this tendency of most data points to fall within three points 
of the mean either on the positive side or the negative side of the curve.

Overview of the Normal Distribution Bell Curve

When the population of our data is within the normal distribution, meaning that 
99.74% of our data falls within three standard deviations of the middle (mean), then 
our data can be further analyzed using tests that are designed for parametric data. 
Parametric data exists when the data set is within the rules of normal distribution. 
Non-parametric data exists when the data is not within the rules of normal 
distribution, with values that frequently deviate from the mean.

Example of Normal and Skewed Distribution
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Looking at the images here, you should notice that the curve representing a normal 
distribution appears balanced, with both sides of the curve falling away from the 
middle of the data set equally. However, when looking at skewed data, the curve 
changes; more of the data falls on one side than the other.

When you’re ready to further analyze your data, keep in mind that these tests are 
designed to work either with parametric or non-parametric data, not both. You must 
identify whether your data is within the rules of normal distribution, and use the 
appropriate test, or your results could be invalid. 

Student Scores Mapped in a Simple Bell Curve Line Graph in Excel (Used with permission  
from Microsoft.)

Using the z-scores previously calculated for the students in classroom 105, we can 
plot the values to confirm whether the data is normally distributed. Looking at our 
distribution curve, we can see that all of the student scores appear within three 
points on both sides of the middle of the data. This data is not skewed left or right; 
it is normally distributed.
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6

Review Activity:
Measures of Dispersion

Answer the following questions:

1.	 What calculation involves finding the highest (maximum) value and the 
lowest (minimum) value?

2.	 What is the x-bar representative of in the calculation for standard 
deviation?

3.	 What is defined as following a bell shape curve, with the mean being 
the middle and all other data following three points to the left or three 
points to the right of the mean?

4.	 What is the tendency of most data points to fall within three points of 
the mean either on the positive side or the negative side of the curve?

5.	 How do you test whether data is following the empirical rule through 
visualization?
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Topic 9C
Use Frequency and Percentages

EXAM OBJECTIVES COVERED
3.1 Given a scenario, apply the appropriate descriptive statistical methods.

Frequency, or the number of times a data point occurs, is helpful when we need 
to describe large volumes of data. Percentage calculations, such as percentage 
difference and percentage change, can give insight into a process, a person’s 
performance, or almost anything measured with quantitative data. Data can be 
expressed in several ways using percentages:

•	 We can show frequency as a percentage.

•	 Differences between two data sets can be expressed using percentage difference.

•	 The degree of change over time can be measured by calculating percentage change.

Here, we will learn how to calculate frequency and percentages, as well as how 
these measures can be useful in describing and analyzing data.

Frequency 
Frequency is the number of times that a data point occurs within a data set. Calculating 
the frequency of any data point is as simple as grouping the data and counting it up. 
You can do this in several ways. One method is to use the SUBTOTAL command in 
Excel. Using the example of student data, this command will calculate the number of 
students in the classroom who achieved a certain score, as shown in the screenshot.

Using the Microsoft Excel Subtotal Command (Used with permission from Microsoft.)
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Pivot tables can be applied to data to create a data point and the cross section of x 
and y, meaning a row and column. You can also quickly use a pivot table in Excel to 
provide the frequency of any data in a group by leveraging just the row and value 
of the Pivot Table Fields and using the count. For example, to count the number 
of students who achieved each test score, you could design a simple pivot table 
with the following fields: student number and student score. As shown in the next 
screenshot, we create a row with the student score and then count the number of 
students with that score (value field). 

Creating a Pivot Table In Microsoft Excel to Show Frequency Data (Used with permission  
from Microsoft.)

The pivot table creates a simple frequency table that can easily be used for 
additional analysis, such as percentages and visuals, which makes the data easier to 
describe and understand than just a list of values.

Let’s look at a visualization of the frequency table in a histogram, a column chart 
that shows an approximate distribution of data values. The histogram divides the 
range of values in a data set into a set of intervals (called bins). The visual shows 
the frequency of data points in each bin to provide a more meaningful picture 
of frequency data. The following screenshot shows a histogram to display how 
students scored on the test in this classroom.

DA0-001_Lesson09_pp149-174.indd   169 13/01/22   7:48 PM

LICENSED FOR USE ONLY BY: MUHAMAD SHAHRIZAL ARIS · 76712282 · DEC 27 2025



Lesson 9: Applying Descriptive Statistical Methods  |  Topic 9C

170  |  The Official CompTIA Data+ Student Guide (Exam DA0-001)

Histogram in Excel Providing a Visual of Student Test Scores (Used with permission from Microsoft.)

Based on the frequency table of scores, we can display the data using the Excel 
chart for creating a histogram. In this example, Excel divided our data into 10-point 
bins to create the column visual. The shape of the histogram reveals information 
about the distribution of our data. Note that this histogram has a bell shape, 
meaning this data appears to be normally distributed. 

Frequency can also be visualized as percentage values. For example, we can 
determine what percentage of children in our classroom received each score  
on the test. 

Score Frequency Frequency %
55 1 7%
70 2 14%
75 2 14%
80 3 21%
85 1 7%
88 1 7%
90 1 7%
95 2 14%
99 1 7%

Displaying Frequency Data as Percentages

To calculate the percentages, you can either use the software functions provided 
by the tool you are using or do it manually. To manually calculate the percentages, 
divide the frequency for each score by the the total of all values in the frequency 
column (which is 14 in our example). For example, for score 55 the calculation 
would be 1/14 = 0.07, or 7 percent.
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Percentage Difference
Percentages allow us to quantify and compare data in meaningful ways during 
analysis. The percentage difference is a calculation performed by determining 
the absolute value of the difference between two numbers, dividing by the average 
of the two values, and then multiplying by 100%. This displays the product as a 
percentage. The percentage difference can be a valuable way to determine the 
difference in percentage between two data points.

In our example of test scores, percentage differences can be helpful in comparing 
student performance in each classroom. For instance, suppose you want to 
compare the percentages of students who scored 75 or greater on the test in each 
classroom. You could calculate the percentage difference to complete this analysis. 
As a first step, determine the number of students who scored above 75 in both 
classrooms, as shown in the following screenshot.

Logical Function in Excel to Determine Students with Scores of 75 or Greater (Used with permission 
from Microsoft.)

You can write a logical function to easily calculate which students scored 75 or 
greater. In Excel, an IF function will return a 1 if the score is 75 or greater and a 0 if 
the score is below 75: =IF(Student>=75, 1, 0).

After executing the IF function, use an aggregate function, in this case Count, to 
total the number of students who scored 75 or greater in each classroom. You now 
have all the information needed to determine the percentage difference. 

Excel Calculation of the Percentage Difference Between Classrooms for Students Who Scored 75 or 
Greater (Used with permission from Microsoft.)

DA0-001_Lesson09_pp149-174.indd   171 13/01/22   7:48 PM

LICENSED FOR USE ONLY BY: MUHAMAD SHAHRIZAL ARIS · 76712282 · DEC 27 2025



Lesson 9: Applying Descriptive Statistical Methods  |  Topic 9C

172  |  The Official CompTIA Data+ Student Guide (Exam DA0-001)

The formula for percentage difference determines the absolute value of the 
difference between the students who scored 75 or greater in each classroom  
(11 – 9 = 2), divides by the average of the two values (10), and then multiplies by 
100%. In other words, 2/10 x 100% = 20%. There is a 20% difference between 
classroom 105 and classroom 106 for scores that are 75 or greater.

Percentage Change
Percentage change represents the difference between a new value and an 
original value (either the last value or an older value), and it can be an increase 
or a decrease. The percentage change calculation helps us determine how values 
change over time. The percentage change calculation can be used in a number of 
scenarios, such as analyzing price increases or decreases, showing a salesperson’s 
performance month by month, or following a child’s development by capturing 
changes in height and weight each year. The formula for percentage change 
involves subtracting the newest value from the last value, dividing that number by 
the last value, and then multiplying by 100%.

To demonstrate, let’s calculate the percentage change of student test scores in 
classroom 105. Suppose that the students took a practice test at the beginning of 
the semester, and we’d like to calculate the percentage change between practice 
test scores and actual test scores on a student-by-student basis. 

Excel Calculation for Percentage Change (Used with permission from Microsoft.)

This calculation can be performed for each student in the class to determine 
whether there was a positive increase or negative decrease between the practice 
test and actual test scores.

Percentage Change for Each Student

As shown by the percentage change calculations, all but two students saw their 
performance increase from the practice test to the actual test. 
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7

Review Activity:
Frequency and Percentages

Answer the following questions:

1.	 Differences between two data sets could be expressed using what 
calculation?

2.	 What are two aspects of calculating frequency?

3.	 A pivot table, histogram, and percentages are three ways of displaying 
what?

4.	 Which calculation involves subtracting the newest value from the last 
value, dividing that number by the last value, and then multiplying by 
100%?
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Lesson 9
Summary

After this lesson, you should be able to explain the measures of central tendency 
used to find the center of the data and the measures of dispersion used to 
determine how much variation exists in the data. You should understand the 
major differences between mean, mode, and median: the mean gives you the 
average of a set of numbers, the median is the middle number within a group of 
sorted numbers, and the mode is the number that shows up most often in the 
data set. You should be familiar with aggregate functions that can help you identify 
the range of data, such as Max and Min, and should be able to use standard 
deviation to determine how close or spread out the data is. You should also be able 
to calculate frequency and percentages to describe large volumes of data.

Guidelines in Using Frequency and Percentages

Consider these best practices and guidelines when familiarizing yourself with the 
calculations for frequency, percentage difference, and percentage change.

1.	 While mean, median, and mode are all measures of central tendency, each 
measures something different. They are not interchangeable, as each gives 
you different information, especially when outliers exist. You will use each 
measure at some point in your work.

2.	 Standard deviation gives a more accurate depiction of the average distance of 
the values from the mean, providing a better understanding of the variability 
within a data set. A low standard deviation indicates that the values are closer 
to the mean, whereas a high standard deviation tells you the values are more 
spread out, and thus farther from the mean.

3.	 When plotting distribution, the shape of the curve will tell us whether the data 
is normally distributed or not. Normal distribution consists of a bell-shaped 
curve that follows the empirical rule (most data points fall within three points 
of the mean either on the positive side or the negative side of the curve).

4.	 If your distribution curve indicates normal distribution, you know your data is 
parametric. If the curve is skewed right or left, your data is non-parametric.

5.	 Calculating the frequency of any data point is as simple as grouping the data 
and counting it up. To gain further insight, we can use percentages to show 
what the frequency numbers mean.

6.	 Percentage difference is a valuable way to determine the difference in 
percentage between two data points (or data sets), while percentage change 
represents the difference between a new value and an original value (change 
over time).

Practice Questions: Additional practice questions are available on the CompTIA  
Learning Center.
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Lesson 10
Describing Key Analysis Techniques

LESSON INTRODUCTION
When you are preparing to work with data, you must first determine what you are 
researching, where the data comes from, and what types of analysis you wish to 
perform. You will likely approach all data sets in this same manner, regardless of 
which type of analysis you end up conducting. Analysis can range from exploratory, 
which is performed at a high level and applicable to all data sets, to other types that 
are more specific to the goal and outcome of the research. Thus, it is important that 
you understand how to create a research question and identify the source of data 
before moving on to the actual analysis.

Lesson Objectives
In this lesson, you will do the following:

•	 Get started with analysis.

•	 Recognize types of analysis.
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Topic 10A
Get Started with Analysis

EXAM OBJECTIVES COVERED
3.3 Summarize types of analysis and key analysis techniques

All research begins with a question. As data analysts, our goal is to answer 
these questions with the data that is available. In order to do this, we must first 
understand how to develop appropriate research questions and assess whether 
our data set is of high quality with enough observations to research. 

Research Questions
When you are preparing to research a topic, one of the first steps you must take is 
to determine your research questions. If you are working on a student project, you 
may be able to collect your own thoughts and form your own questions. If you are 
working for an organization, or within a team, these questions may be created by 
others for you, which you must then work to analyze.

Research questions that are too broad can be challenging to answer. You should 
attempt to focus them down to a true or false statement. These true or false 
statements make up a key component of all analysis—the hypothesis statement. 
It’s what you believe to be true, and what you will test with analysis techniques to 
show that it is true (or maybe false). You will learn more about hypotheses as you 
discover different types of analysis techniques.

Let’s walk through an example. Consider student test scores as a subject for our 
research. We believe (or hypothesize) that students would perform better on the 
test if they were given extra study hours. Students were broken naturally into two 
groups due to the fact that they were in different classrooms. We want to know 
whether the students in the classroom with extra study hours performed better 
than the students who did not have those extra study hours. Our research question 
would be, “Did the students in the classroom with extra study hours perform better 
than students without?” The answer to this question is either yes, they did, or no, 
they did not.

Data Sources and Collection Methods
After you have narrowed down your research questions, you will need to dive into 
the data and the methods of collection used. Ask yourself the following:

•	 What is the source of the data?

•	 Did this data come from a source system?

•	 Was this data collected through a polling system, or did someone ask questions 
in a one-on-one interview?

This step is important because different collection methods have different 
considerations and can potentially result in vastly different qualities of data.
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Let's return to our student testing example. Suppose that you are given the option 
to choose the source of your data between a dedicated software for student testing 
or from a teacher's memory, two years later. The student scores stored in the 
software were automatically recorded after the tests were taken; this data was then 
exported for each student in each classroom into a spreadsheet. The data from the 
teacher's memory is collected via interview; the teacher recalls the list of students 
and their test scores, and you record that data. Which data set do you believe would 
have the highest quality data?

This likely seems like a silly exercise, with an obvious answer, as it's not hard to 
imagine that the software is more reliable than memory. However, this easily 
points out why the source and collection method of your data is important when 
considering your analysis. You can't control all of the data when it is captured, and 
you can't change the process of collection after it is collected. The best you can do is 
note how that data was collected, so that people will know the source and collection 
method.

Observations
After you have identified your research question and data source, you must next 
determine whether the amount of data in hand is enough to adequately answer the 
research question. While you can work with small sample sizes and still create very 
legitimate research results, you must be careful to note the amount of data you 
are using in your research. This is what's known as the “n” count, and it's always 
disclosed in reputable research. You may see it written in this way: “In a recent 
study of 27 students in the eighth grade . . .”

Let's return to our example of studying whether or not children benefited from 
extra study hours. In this scenario, each student is an observation. 

Lesson 10: Describing Key Analysis Techniques  |  Topic 10A

The Official CompTIA Data+ Student Guide (Exam DA0-001)  |  177

DA0-001_Lesson10_pp175-184.indd   177 14/01/22   8:20 AM

LICENSED FOR USE ONLY BY: MUHAMAD SHAHRIZAL ARIS · 76712282 · DEC 27 2025



3

Review Activity:
Get Started with Analysis

Answer the following questions:

1.	 In which manner should a research question be posed, and why?

2.	 Why is it important to determine the sources and collection methods for 
the data you're working with?
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3

Topic 10B
Recognize Types of Analysis

EXAM OBJECTIVES COVERED
3.3 Summarize types of analysis and key analysis techniques

There is no single answer for the type of analysis you might require when 
performing your job as a data analyst. However, there are some types you are 
more likely to encounter than others. You will likely always perform some level of 
exploratory analysis, and at other times perform a mix of others, like performance, 
trend, and link analysis. The type of analysis you perform is based on the data you 
have on hand and the overall goals of the analysis. In order to know which type of 
analysis is best suited for your needs, you must first understand what the different 
types of analysis are and why we use them.

Exploratory Analysis
As a data analyst, exploratory analysis is something you should be prepared to 
perform on literally every data set you encounter. The point of exploratory analysis 
is to determine the main characteristic of the data set. For example, exploratory 
analysis can help you determine how much of your data is qualitative (categorical) 
versus quantitative (countable/measurable). This identification helps inform what 
type of data cleaning and/or transformation is required. Exploratory analysis 
provides you with up-front information about the data and is also the easiest type 
of analysis to visualize.

There are many other key benefits of exploratory analysis.

•	 Informs what type of statistical testing is appropriate.

•	 Helps you to investigate potential relationships between data early on. 

•	 Allows you to identify correlation between data points.

•	 Informs whether your research questions can be potentially answered with the data.

Let’s go back to our earlier example of student test scores and study hours. In 
order to answer your research question, you will need to know how every student 
performed, and how each classroom performed in comparison. At the very 
beginning of your research, you would need to identify whether any students 
scored very high or very low, as these scores will impact your analysis. Exploratory 
analysis can provide you with this information.

All data should be explored through exploratory analysis before it is analyzed any 
further. This is not only a necessary process of the analyst to learn the data, but 
also a mathematical process that has been in use since the 1970s, when John Tukey 
encouraged statisticians to use the method to help determine better methods of 
data collection and discover potential research questions. Tukey recognized that 
the process helped researchers formulate hypotheses and ultimately led to a better 
understanding of how to deal with missing data and transformations needed for 
the variables being studied. 
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Performance Analysis
Performance analysis is analysis that is done to measure the performance of a 
particular product, outcome, or scenario against a defined objective. Performance 
analysis uses qualitative and quantitative data. Performance analysis data can 
also be considered non-parametric, meaning that it doesn’t follow the normal 
distribution curve and thus is not able to be analyzed by all types of testing.

Performance analysis is frequently used to test how a particular software program 
performs to inform optimization of the software. In business, performance analysis 
is used in combination with metrics like key performance indicators (KPIs). KPIs 
are measurements/goals that are established to help identify whether a business 
is achieving its objectives. KPIs can show the overall health of products, work 
processes, or even sales goals for new salespeople.

If we were to conduct a performance analysis on our student scores, we might start 
by setting a KPI, such as an expectation that students achieve at least three points 
higher than the average when they have had the extra study time. Then we would 
look at their actual scores and measure how many are over the three-point average.

KPIs vary because organizations and their goals vary. Understanding how to 
develop them for the use of these measures in your analysis means that you 
understand the business, you understand their goals, and you have a good 
understanding of the data. The overall goal is to determine if the data for that 
scenario is meeting the defined targets.

Gap Analysis
Gap analysis is the study of a present state, desired state, and the gaps between 
the two. After identifying these gaps, you can then develop a project (or projects) 
that help you get to the desired state. When you define how you will accomplish the 
desired state through the development of a project, you are creating a scope, which 
includes measurable tasks that are needed to meet the desired end state.

For example, suppose a company has a goal to achieve $100,000 in total revenue 
for a product. The company must determine the present or current state and then 
compare it to the goal to identify the gap between those values. The product is 
a bike that has brought in $75,000 since its debut one year ago. The difference 
between the current state, $75,000, and the desired state, $100,000, is a gap of 
$25,000. To earn the extra $25,000, the company decides to redesign the bike 
pedals and give the bike a new color scheme: this is the scope.

Gap analysis is also commonly used for project management efforts on software 
development projects. Suppose a company wants to design a new piece of software 
to replace the paperwork that is currently completed during deliveries. The current 
state is that the staff delivery team writes out a paper delivery receipt and requires 
customers to sign the receipt upon delivery of their order. The desired state is 
that the delivery staff will use a tablet and request digital signatures. The software 
development team will study the current state and their knowledge of the desired 
state, and focus on the gaps to deliver the proper estimate and scope. In the world 
of software development, or really any development project, scope creep can occur 
when the scope changes from the original plan and incurs adjustments. These 
adjustments can cause issues in meeting the various projects, causing a gap in 
reaching the desired state on time and within budget.
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Trend Analysis
Trend analysis is defined by measuring a trend on historical data to predict a 
future outcome. You will typically find trend analysis is used in all industries to 
determine how something is performing over time or predicting issues with a 
subject. A subject is a process, person, or product.

•	 We can use trend analysis for product or market research, strategic initiatives, 
future outcomes, and financial trends.

•	 Geographic trends are based on geographic locations.

•	 Short-term, or temporal, trends occur for a period of time, but not in the long 
term. For example, if it was predicted that there was going to be a shortage 
of medical supplies, like gloves and face masks, we might see an increase in 
purchases of those products for a short period of time.

•	 Time-related trends occur over a specified period of time. For example, an 
increase in toy purchases in the months leading up to Christmas is a time-related 
trend.

Google Trends is a tool that tracks key words used in internet searches to show how these 
key words are trending in the Google Search engine. The tool allows you to key in a subject 
or text phrase to search over various points of time, or in a particular geography. It then 
shows you a visual of how that word or phrase is performing in searches. 

Trend analysis is also commonly used to forecast future values. If you manage 
data for an investment firm, you will certainly need to perform trend analysis for a 
specified period of time for businesses in the portfolio. If you see that a company 
is trending up or down, that information can inform the investment organization 
on what they might provide to the company (whether help to recover from a down 
trend or support to amplify an upward trend).

In the case of our student scores, when trying to determine whether extra study 
hours have boosted scores, we may want to look at the score performance over 
the last three years. This information can help us determine whether the two 
classrooms studied were on track with where they were expected to be in the 
future, or if they were already trending up before the extra study hours were 
implemented. This is important because if we discover student scores were already 
improving on a three-year trend, then any upward momentum might have nothing 
to do with the extra study hours. It may sound counterintuitive to want to disprove 
a hypothesis, but when we do, we can come up with new questions. For example, 
we could next pose the idea that the scores are up because the teacher is spending 
more time in the classroom.
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Link Analysis
Link analysis is used to determine how a single data point links to other data 
points, focusing on the relationships and connections in a database. When 
you determine how data is linked from a primary key to a foreign key, you are 
performing a type of link analysis in the database.

Link analysis is often used in advertising, particularly for social media networks. For 
example, suppose you have a relationship with a social media group, and members 
of that group start to purchase an item from a particular online retailer. Your 
association with the group of purchasers indicates to the retailer that you may also 
be interested in their products. The end result is that you could see advertising in 
your social feeds to purchase similar products from the retailer.

When a network of items exists, link analysis can occur. Consider six degrees of 
separation, which posits that all people are six or fewer acquaintances away from 
each other. This idea that you know someone who knows someone, who knows 
someone else, is essentially the concept behind link analysis.

Link analysis has three main components: a network, a node, and a link. The 
network is a set of nodes and links. The node is a single point (person, account, 
product). The link itself is the relationship between the different nodes.

Let’s relate this back to our student test scores example. Imagine that the study 
hours are spent in a software with a social component (network). Each student is 
a point (node). Suppose that some of our students performed well on the test, yet 
others in the extra-hours classroom did not. We might want to explore that data 
further by viewing the connections between the students (links). Did the students 
leverage the social components of the software to discuss difficult topics amongst 
each other? If we found a relationship between student engagement within the 
network and higher score performance, we would want to explore that relationship 
further.

Link analysis is all about relationships among the data points and can provide some 
very interesting insights when a network component exists within the data.
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Review Activity:
Types of Analysis

Answer the following questions:

1.	 Profiling data is similar to what type of analysis?

2.	 Which type of analysis is conducted on non-parametric data, or data that 
does not follow the normal distribution curve?

3.	 Performance analysis measures the performance of a particular product, 
outcome, or scenario against what?

4.	 Which metric establishes goals to help identify whether a business is 
achieving its objectives?

5.	 Which type of analysis studies the difference between the desired state 
and current state?

6.	 Trend analysis is commonly used for what purpose?

7.	 What are the three main components of link analysis? 
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Lesson 10
Summary

After this lesson, you should have a better understanding of what needs to be done 
before you begin data analysis, and what types of analysis you will use throughout 
your work. You should understand the importance of identifying a research 
question, data source, and the amount of data you'll use in your research.

You should also have a firm understanding of the varying types of analysis. Major 
types of analysis you will encounter and should be prepared to use include 
exploratory analysis, performance analysis, scope and gap analysis, trend analysis, 
and link analysis.

Guidelines in Describing Key Analysis Techniques

Consider these best practices and guidelines when creating research questions and 
recognizing the varying techniques that are used to analyze data.

1.	 The first step when preparing to analyze data should always be to develop 
a research question. Research questions should be posed as a “yes or no” 
statement, so they can be answered during hypothesis testing.

2.	 You must also determine the source and collection method of data, as this can 
affect the quality of your data.

3.	 You must then determine whether the amount of data in hand is enough to 
adequately answer the research question. The amount of data you use in your 
research is the “n” count, and it's always disclosed in reputable research. 

4.	 You must be familiar with the purposes of different types of analysis, so you 
can choose the appropriate method for your research.

•	 The point of exploratory analysis is to determine the main characteristics of 
the data set. 

•	 Performance analysis measures the performance of a particular product, 
outcome, or scenario against a defined objective.

•	 Gap analysis measures the difference between the desired state and 
present state and involves determining the scope, or tasks needed to reach 
the desired state.

•	 Trend analysis measures a trend on historical data to determine 
performance over time and predict a future outcome.

•	 Link analysis helps us determine how a single data point links to other data 
points, and it can be used to focus on relationships and connections in a 
database.

Practice Questions: Additional practice questions are available on the CompTIA  
Learning Center.
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Lesson 11
Understanding the Use of Different 
Statistical Methods

LESSON INTRODUCTION
Inferential statistics involves reaching conclusions based on evidence and reasoning 
using data, and includes methods such as confidence intervals, t-tests, and 
hypothesis testing. Using inferential statistics on both large and small sample sizes 
allows us to create findings for just about anything that we can gather data on and 
measure. With inferential statistics, we can analyze data gathered about programs, 
people, things, and even interventions. This differs from descriptive analysis, which 
just aims to describe the data we are using to draw conclusions. Inferential statistics 
also allow us to utilize smaller samples to represent a larger population. We use 
different statistical tests to determine the statistical significance of our findings, 
leveraging p-values.

Lesson Objectives
In this lesson, you will do the following:

•	 Understand the importance of statistical tests.

•	 Break down the hypothesis test.

•	 Understand tests and methods to determine relationships between variables.
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Topic 11A
Understand the Importance  
of Statistical Tests

EXAM OBJECTIVES COVERED
3.2 Explain the purpose of inferential statistical methods.

When we are working with a sample of data (with or without the entire population), 
we use statistical methods and processes to make assessments, or judgments, 
on different outcomes. Population doesn’t mean the population of the United 
States; it refers to the population of a group of records that meet a certain criterion. 
Consider our example of student test scores. We have a population of records 
for test scores in two different classrooms of students. We can compare these 
classrooms to each other and use the data to interpret the scores. Our findings 
can then inform policy or performance measures. When we are interpreting 
data, we must choose the appropriate statistical test for the data that we have 
to ensure accurate results. You may not be performing these tests yourself; this 
might be the role of a more senior statistician. Regardless, it is good to have a basic 
understanding of these tests and concepts. 

Confidence Intervals
A confidence interval is a calculation of values that describes the certainty or 
uncertainty of an estimate made on the analysis. It allows us to identify how 
confident we are that our estimate represents the sample or population on which 
our analysis focuses.

Confidence intervals can be subjective, and there is no set percentage that indicates 
a good level of confidence. However, most analysts strive for a 95% confidence 
interval, which means we are 95% confident in the results of our analysis. 

How to Calculate a Confidence Interval

We can use a function in Excel to determine the confidence interval for our sample. 
First, we will decide which confidence level we want to use—in most cases, this will 
be 95%. Then, we must identify the number of records, known as the n value, in our 
sample; in this example, that number is 14. Next, calculate and input the standard 
deviation. 
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CONFIDENCE Function in Excel (Used with permission from Microsoft.)

The result of our CONFIDENCE function is 6.2562, and our mean for this set of data 
is 81. To create an upper bound, we add the 6.2562 to the mean of 81. To get the 
lower bound, we deduct the 6.2562 from the mean. Thus, in our small sample, we 
would have an upper bound of 87.25 and a lower bound of 74.74. If this was written 
into our paper or presentation, we would say: “if this sample was true of the entire 
population of that school in that classroom, we believe that 95% of all the students 
would fall between a test score of 74.74 and 87.25.”

T-Tests and P-Values

T-Tests

A t-test is used when comparing two groups to determine if there is a significant 
difference between the means of both groups. We know from our descriptive 
analysis that the dependent variable is normally distributed.

There are two important variables when conducting a t-test: the dependent 
variable, which is what we are measuring, and the independent variable that 
is different between the groups. The dependent variable is our main data point, 
and we use it to determine the mean, median, mode, and standard deviation. In 
our student test score example, the test scores are our dependent variables. The 
classroom is our independent variable. Students in classroom 105 received five 
extra study hours, and they have a higher mean than the students in classroom 
106. When we want to test whether those five extra study hours made a significant 
difference in the scores over the classroom that did not get the extra study hours, 
we use a t-test. 

Statistical Significance and the P-Value

In our student test scores example, the higher mean value in classroom 105 
shows us that the students in that classroom outperform their peers in the other 
classroom. But while it’s a true statement to say that they had higher scores, that 
doesn’t make it statistically significant. For statistical significance to exist, it cannot 
have happened by chance and must be a significant difference.

When the data is normally distributed, we can use a t-test with the two different 
means in the sample to determine the probability that the means are different due 
to chance. The value of significance is referenced by the p-value. The “p” in p-value 
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stands for probability, as the p-value tells us the probability of the occurrence of an 
outcome. A high p-value indicates that the outcome is likely not repeatable and thus 
not significant, whereas a low p-value tells us the event is likely repeatable, meaning 
it did not occur due to chance and is thus statistically significant.

Most studies desire the p-value to be less than .05 (p > .05), as this signals that 
the difference between the two groups is significant and not just due to chance. 
For most studies, if your p-value is greater than 5%, then it is not a statistically 
significant difference. While a p-value that is equal to .05 is a typical level of 
significance, you will often see values ranging from .01 to .10.

We mentioned previously that statistical tests are important because they can 
determine changes in policy. Returning to our student test score example, the 
p-value is important because if the data is statistically significant, the school will 
likely want to ensure that all classrooms get that five extra hours of study time in 
order to improve outcomes for all students.
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3

Review Activity:
The Importance of Statistical Tests

Answer the following questions:

1.	 The calculation of values that describes the certainty or uncertainty of 
an estimate made on the analysis is known as what?

2.	 What is the percentage of a confidence interval that is most commonly 
strived for in analysis?

3.	 What are the two variables we use when conducting a t-test?

4.	 Which two conditions must be met for data to be considered statistically 
significant?

5.	 What does the “p” in p-value stand for?
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6

Topic 11B
Break Down the Hypothesis Test

EXAM OBJECTIVES COVERED
3.2 Explain the purpose of inferential statistical methods.

As we’ve previously discussed, when analyzing data our research question is 
converted into a hypothesis, which is a true or false statement that states we 
either believe a relationship exists or we do not believe a relationship exists. In 
order to test that hypothesis, we use hypothesis testing to either accept or reject 
the statement. This means we accept either the null hypothesis or the alternative 
hypothesis. We will also discuss the types of errors, type I and type II, that occur 
with hypothesis testing and the impact of rejecting the wrong hypothesis.

The Null Hypothesis
When you convert your research question to a positive statement, you create an 
alternative hypothesis. The alternative hypothesis assumes that a relationship 
between two variables does exist. When you convert your question to a false or 
negative statement, you create a null hypothesis. The null hypothesis assumes 
that a relationship between two variables does not exist. 

In our student test scores example, examples of these hypotheses would be as 
follows:

•	 Alternative hypothesis: There is a relationship between the five extra study hours 
given to students in classroom 105 and their higher scores. (In essence, the extra 
study hours contributed to the higher scores.)

•	 Null hypothesis: There is no relationship between the five extra study hours and 
the higher scores in classroom 105. (In essence, the extra study hours made no 
difference at all, for either classroom.)

Image of the Null and Alternative Hypothesis
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Understanding the Results of Hypothesis Testing
In our student test scores example, we are hoping that the investment of five extra 
study hours made a difference statistically between the two groups. Thus, we want 
to disprove the null hypothesis and prove the alternative hypothesis to be true. 
However, we need to be careful when attempting to reject the null hypothesis so 
that we don’t get ahead of ourselves and reject it in error. There are two types of 
errors that can occur when conducting hypothesis testing.

•	 A type I error occurs when we reject the correct hypothesis and accept the 
incorrect hypothesis. In essence, we inadvertently create a false positive. 
Suppose we made a mistake in our data analysis and found that the five hours 
of extra study was statistically significant, but it actually was not. In this instance, 
we have committed a type I error.

•	 A type II error occurs when we accept the incorrect hypothesis and reject the 
correct hypothesis. In essence, we create a false negative. Suppose we found 
that the five hours of extra study made a statistically significant difference, and 
we should have thus accepted the alternative hypothesis. But if we incorrectly 
reject the alternative hypothesis, and instead accept the null hypothesis and 
claim the extra study made no difference, we have committed a type II error.

There can be massive consequences for creating false positives and false negatives. 
For example, if your organization does medical testing on critical diseases, and 
your test returns false positives, this means people who are not sick will receive 
unnecessary (and potentially harmful) treatment. The reverse could be even worse: 
the creation of a false negative leads to people who are actually sick not receiving 
treatment, due to the test returning an incorrect conclusion that they are not sick.
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7

Review Activity:
The Hypothesis Test

Answer the following questions:

1.	 Which type of hypothesis assumes that a relationship between two 
variables does exist?

2.	 Which type of hypothesis assumes that a relationship between two 
variables does not exist?

3.	 Which type of error creates a false negative?

4.	 What are some of the impacts of type I and type II errors on hypothesis 
testing? Use an example.
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5

Topic 11C
Understand Tests and Methods to 
Determine Relationships Between 
Variables

EXAM OBJECTIVES COVERED
3.2 Explain the purpose of inferential statistical methods.

When working with data, it is often important to find the relationships between the 
data points. We can use various statistical methods or tests to determine whether 
there is or isn’t a relationship between the values. Often, in the search of these 
relationships we find ways to improve processes or outcomes with minimal changes 
needed. Using our data and the results of these statistical tests, we can produce 
findings that prove or disprove the stated hypothesis. It’s not enough to just 
produce data and counts; we need to use that information to look for correlation 
between variables. 

Chi-Square 
A chi-square statistic compares the size of the difference between the expected 
result and the actual result. It is used to measure how the model compares to the 
actual data.

A chi-square test, which produces the chi-square statistic, can be used to 
determine if a difference exists between groups. The test can be used to compare 
all sorts of variables: scores on a test, responses to a medical test, answers to a 
survey question, and more.

Chi-square is pronounced as \ 'kī-' skwer \, and it rhymes with the word "sky."

There are a few reasons why we would choose to conduct chi-square analysis.

•	 A chi-square test is used to compare actual results to what we expected the 
results would be.

•	 A chi-square test also allows us to rule out that the observations happened by 
chance.

•	 Chi-square testing identifies how confident we are that the results are (or are 
not) different from what we expected and that there is a relationship between 
the variables.

•	 Chi-square testing is useful when we are analyzing data from a random sample 
and working with a categorical variable, like education, race, or gender.

Let’s return to our student test score example. Suppose the vendor that is 
administering the extra study hours has created a survey for students to complete 

DA0-001-Lesson11_pp185-204.indd   193 14/01/22   3:15 PM

LICENSED FOR USE ONLY BY: MUHAMAD SHAHRIZAL ARIS · 76712282 · DEC 27 2025



194  |  The Official CompTIA Data+ Student Guide (Exam DA0-001)

Lesson 11: Understanding the Use of Different Statistical Methods  |  Topic 11C

after they have finished the extra study, asking them to identify how prepared they 
are for the test. The resulting data set of responses is matched with the students’ 
actual test scores.

Student Preparedness Fail Pass Total
Very Prepared 	 9 17 	 26
Somewhat Prepared 	11 40 	 51
Not Prepared 	12 11 	 23
Total 	32 68 	100

Data Prepared for Chi-Square Test of Independence

In our example, we categorize student scores by Fail and Pass. Then we aggregate 
the student data on their indication of preparedness and score category. We can 
use the chi-square test to determine whether their test scores appear to be related 
to the level of preparedness they had previously identified.

Chi-Square Tests
Two common types of chi-square tests are the test of independence and 
goodness of fit. Both tests compare actual results against an expectation, but 
goodness of fit is used for the distribution of the data and the test of independence 
is used for the relationship between the variables.

•	 Test of independence: Tests against multiple variables.

•	 Goodness of fit: Tests against a single variable.

Test of Independence

Continuing with our test scores example, let’s say we want to determine whether 
our test takers scored a pass or fail on the test, accounting for how prepared 
they felt before taking the test. We assume that if they felt more prepared, they 
were less likely to fail the test. Suppose we have 100 students in total. Of those 
100 students, 32 of them had a failing grade and 68 earned a passing grade. The 
hypothesis is that the more prepared the student felt, the more likely they were to 
pass the test. The chi-square test of independence could be used to see if there is a 
significant relationship between preparation and passing scores.

There are several ways to perform a chi-square test. You can use manual functions 
in Excel, statistical analysis software (like Stata and SPSS), or even online chi-square 
calculators. 

Student Preparedness Fail Pass Total
Very Prepared    9 (8.32) [0.06] 17 (17.68) [0.03] 	 26
Somewhat Prepared  11 (16.32) [1.73] 40 (34.68) [0.82] 	 51
Not Prepared 12 (7.36) [2.93] 11 (15.64) [1.38] 	 23
Total 32 68 	100

The chi-square statistic is 6.9338
The p-value is 0.031213
This result is significant p < .05

Output of a Chi-Square Test
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Let’s break down the results to more easily see what we’re looking at. The first cell 
of information under the “Fail” column shows us the nine students who felt very 
prepared for the test but still failed. The (8.32) is the calculated expected result we 
would find in this sample, and the [0.06] is the chi-square point for this data. The 
cell to the right shows us the 17 students who felt very prepared and passed the 
test. You can follow those numbers down the rest of the column to see that most 
students who indicated they were somewhat or very prepared did pass the test, 
while those who were not prepared split pretty evenly between failing and passing.

The established p-value is set at a threshold of .05 for this example, which means 
we can feel more confident in our conclusions.

Goodness of Fit

If we wanted to test whether the students performed as expected overall, we 
would use goodness of fit. This test allows us to determine whether the pass or fail 
counts followed the hypothesized distribution. We would look at the number of 
actual observations (test takers) who had either passed or failed the test (this data 
would include the 100 students in our sample). The chi-square goodness of fit tests 
the hypothesized distribution and then provides the significance value to make a 
conclusion about whether or not it met what we expected. If we were to believe that 
15% of our students will fail the test and 85% were to pass, then we can compare 
these values to the actual scores to determine if our data met that expectation.

Simple Linear Regression
Regression analysis is a type of statistical method used to estimate relationships 
between a dependent variable and one or more independent variables. The 
outcome is a calculation that we will typically see visualized as a line on a scatter 
plot.

Simple linear regression is called simple because it is used to study the 
relationship between one dependent variable and one predictor, or independent 
variable. Linear refers to the straight-line relationship between the two quantitative 
values. The analysis tells us which predictor may have the largest impact. 

Let’s return to our test scores example. Suppose after the first 100 days of school, 
the eighth-grade students take a pretest. While plotting those pretest scores, along 
with attendance records, we notice that there appears to be a relationship between 
the two. “Appears” is the key word here. What this means is that it seems that the 
more present a student was, the more likely the score they achieved was higher.

We have one independent variable, days present, which is what we use as the 
predictor. We want to determine if a relationship exists between this variable and 
the score a student earns on their eighth-grade pretest (our dependent variable).

Let’s look at the scatter plot of pretest scores in Microsoft Excel. In this visual, 
we have added a linear trend line, which provides the best fit line through the 
data points. Our question in the pretest analysis is, does days present have any 
relationship with the pretest score? Our research will attempt to determine if a 
student being more or less present in the first 100 days of school has any impact on 
their pretest score. This type of analysis will give us limited insight into the potential 
relationship between the two variables.
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XY Scatter Plot with Linear Trendline in Microsoft Excel (Used with permission from Microsoft.)

In the visual, we see that there is a positive trend, meaning the line is going up in 
scores as the days present increases, and the plotted scores seem to fit the line 
pretty closely. This data does appear to have some relationship, but further analysis 
is always required.

Suppose the pretest analysis was interesting enough to school administrators that 
they’ve given the go-ahead for an exploration of whether days present has an actual 
impact on the actual scores. This is now the newest project for the analyst. We can 
use simple linear regression to assess whether or not the student absence variable 
is a strong predictor of the eighth-grade test score.

Using the Excel Statistical Analysis ToolPak, we use the actual test score with the days 
present through the whole school year. What we notice is that the markers on the line 
fit plot shown here do not fit the line as closely as the pretest example. So although it 
does appear that there is some relationship between attendance and scores, we can’t 
suggest that days present is closely related to the scores. We will need to study further, 
and include more factors, to determine what truly impacts student test scores.

Simple Linear Regression Line Fit Plot from Regression in Excel Data Analysis ToolPak 
(Used with permission from Microsoft.)
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The use of statistical software will create more statistical outputs than just the linear 
trend line, like the p-value and other necessary statistics for confidence. These tools all 
help us to determine how strong the relationship is between two variables, so that we 
can further study whether the values are correlated and have a causal relationship.

When there appears to be a relationship between variables, you will always want to further 
investigate. This is why you hear the phrase "correlation doesn't mean causation." Although 
there appears to be a relationship between present days and scores, it doesn't necessarily 
mean the score—either low or high—-can be explained by days present.

Correlation
Correlation is the statistical association between two (or more) equal variables. 
It does not tell us that one influences the other, but it does indicate that if one 
variable changes, the other variable changes as well. When researching correlation, 
we are simply attempting to determine what relationship might exist between two 
variables; we are not attempting to prove that one variable caused the other. A 
relationship in which one variable is proven to have an effect on another would 
be considered a causal relationship. Correlation only describes the relatedness 
of the relationship; in order to investigate whether a causal relationship exists, a 
correlation coefficient must be calculated.

Let’s consider our student test scores example. Suppose we learn that a popular 
movie came out the weekend before our eighth-grade students took their test. 
Almost all our students went to the local theater and watched the movie at some 
point over the weekend. We gather data on which students watched the movie 
on Saturday night, which students watched the movie on Sunday night, and which 
students didn’t watch the movie at all. We then take their test scores and test for 
correlation with the variable of watching the movie.

When we look for correlation, we discover that the students who watched the movie 
over the weekend all scored higher than 75 on their tests. At this time, we can 
confidently say that students who watched the movie scored higher on their test. 
But we cannot say that students scored higher on their test because they watched 
the movie. Nor can we say that any student who watched the movie is more likely to 
have scored above 75. We can only identify the strength of the relationship.

Pearson’s correlation coefficient is a calculation used to measure a linear relationship 
between the data points, returning a value that is plus or minus 1 to determine the 
strength of the relationship. The correlation coefficient value is expressed as an r value. 
An r value that is close to 1 tells us that there is a strong correlation between the values, 
while an r value of or close to 0 means there is no correlation. R values between 0.4 and 
0.7 represent a moderate correlation. There is also the coefficient of determination, 
which is expressed as R2 or the square of the correlation coefficient value. This value 
is used to interpret the determination, and it is easier to understand if you multiply it 
by 100%. Let’s see this in action by using the student scores and absenteeism example 
from our simple linear regression output.

Regression Statistics
Multiple R 0.48512063
R Square 0.23534203
Adjusted R Square 0.20475571
Standard Error 11.0981969
Observations 27

Regression Statistics Output using Excel Data Analysis ToolPak Regression
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The Multiple R is Pearson’s Correlation coefficient (r) and is currently showing 0.48, 
which means that there is a moderate correlation between the test score and 
the days absent. If we look at the R Square value, we can theorize that the 23% 
of variability in the score is explained by the variability in the days absent. This of 
course means that 77% of the variability is explained by other data not expressed in 
this sample.

This tells us that even though there appears to be a relationship between the 
number of days absent and the test score, the strength of that relationship is not 
high enough to explain or consider absences as the only factor affecting test scores.

Use Excel to Apply Statistical Methods
Excel has a multitude of functions for statistical use. You can find many of these 
functions in the Formulas tab of the Excel ribbon. If you navigate to the Statistical 
category, you will see all the available functions that have been defined for 
statistical analysis. 

Excel Formulas Filtered for Statistical Functions (Used with permission from Microsoft.)

You can hover over each function to view basic information on that function, as well 
as access Help options that will provide further information and examples.

Some of the functions available in Excel include the following:

•	 AVERAGE (mean)

•	 MEDIAN

•	 MODE (single or multiple)

•	 MIN

•	 MAX

•	 STDEV (standard deviation)

•	 STANDARDIZE (z-score)

•	 CONFIDENCE
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To run statistical tests directly in Excel, you will want to add the Excel Add-In to the 
Analysis ToolPak. The Analysis ToolPak will allow you to run and view outcomes for 
a variety of tests.

Excel Statistical Analysis ToolPak (Used with permission from Microsoft.)

While Excel is easy to use and widely available, other programs that are dedicated 
to statistical analysis will have a more comprehensive set of statistics tests. Despite 
this, Iater versions of Excel do contain new functionalities intended to support the 
data analyst. Explore the Home and Data tabs of the Ribbon in your version of Excel 
for all the possibilities.  
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Working with the Selected Values in Columns A, B, and C and Using the Analyze Data Option in 
Later Versions of Excel (Used with permission from Microsoft.)

One newer functionality in Excel is Analyze Data, as shown above, which exists in 
Excel O365 and gives the data analyst suggested options to review, as well as the 
ability to ask questions about your data.
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6 Review Activity:
Tests and Methods to Determine 
Relationships Between Variables

Answer the following questions:

1.	 What type of analysis will typically involve an x and y scatter plot with a 
line?

2.	 What are two commonly used types of chi-square tests?

3.	 Correlation is used to measure what?

4.	 A relationship in which one variable is proven to have an effect on 
another would be considered what?

5.	 Regarding simple linear regression, how do we refer to the variables and 
the outcome?
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6

Lesson 11
Summary

After this lesson, you should be able to explain the use of inferential statistics to reach 
conclusions on the data and the relationships between data points. You should be able 
to describe relationships between a dependent variable and independent variable(s). 
You should also have discovered how to understand confidence intervals, to know how 
confident we are in the data that we are working with, and how to create the upper 
and lower bounds. You should have a practical understanding of the p-value and its 
importance in giving us statistical significance in our data with different statistical test 
methods. You should be able to distinguish when to use a t-test when comparing two 
different groups. You should also be familiar with the various methods used to test 
a hypothesis and the relationship between variables. We use chi-square and simple 
linear regression as we look for correlation. 

Guidelines in Understanding Methods of Statistical Analysis

Consider these best practices and guidelines when familiarizing yourself with the 
statistical methods you will be working with.

1.	 Confidence intervals can be subjective, and there is no set percentage that 
indicates a good level of confidence.

2.	 A t-test is used when comparing two groups to determine if there is a 
significant difference between the means of both groups.

3.	 The dependent variable is our main data point, and we use it to determine the 
mean, median, mode, and standard deviation.

4.	 For statistical significance to exist, the difference between two values cannot 
have happened by chance and must be significant.

5.	 Most studies desire the p-value to be less than .05 (p > .05), as this signals 
that the difference between the two groups is significant and not just due to 
chance.

6.	 A hypothesis statement is a true or false statement. An alternative hypothesis 
assumes that a relationship exists between two variables, while a null 
hypothesis assumes that a relationship does not exist between two variables.

7.	 A type I error occurs when we reject the correct hypothesis and accept the 
incorrect hypothesis. A type II error occurs when we accept the incorrect 
hypothesis and reject the correct hypothesis.
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8.	 A chi-square test can be used to determine if a difference exists between 
groups.

9.	 Simple linear regression is used to study the relationship between one 
independent variable and one dependent variable, and it is simple because 
there are only two variables involved.

10.	 Correlation is the statistical association between two (or more) equal variables 
that tells us if one variable changes, the other(s) will too.

Practice Questions: Additional practice questions are available on the CompTIA  
Learning Center.
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Lesson 12
Using the Appropriate Type of 
Visualization

LESSON INTRODUCTION
After you analyze your data, you may realize that the information can be more 
easily digested if you can present it visually. When data lends itself to visualization, 
you must first figure out which type of visualization is best suited for your data. 
Learning about data visualization is really centered on learning how to effectively 
share insight with visuals. It could be that basic visuals are all you need to make a 
point. In other cases, you might require advanced visuals in order to bring certain 
issues to light. You might even need to map data. When deciding what visual you’ll 
use, it’s in your best interest to consider how a certain type of visualization is 
intended to be used alongside the story your data needs to tell.

Lesson Objectives
In this lesson, you will do the following:

•	 Use basic visuals.

•	 Build advanced visuals.

•	 Build maps with geographical data.

•	 Use visuals to tell a story.
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Topic 12A
Use Basic Visuals

EXAM OBJECTIVES COVERED
4.4 Given a scenario, apply the appropriate type of visualization

Visuals can be extremely impactful to learning and processing. Consider that when 
children are first learning how to read, they are often presented with a picture 
alongside a letter. For example, to introduce the short vowel sound for the letter 
"A" a child may be shown a picture of an apple. This helps children remember 
that "A" sounds like "ah" as in "apple." This same line of thinking works for data as 
well. When lines of data are represented by a visual, we can easily see and digest 
the information without having to work with all the records. Basic visuals can help 
support the understanding of thousands or even millions of records of data and 
are commonly used to effectively represent information in a meeting, report, or 
dashboard.

Pie Charts and Treemaps
There are two types of visualization that are commonly used to display information 
in a way that shows the proportion of one (or more) data points: pie charts and 
treemaps.

Pie Charts

The most basic of all visuals is the pie chart, a circle broken into slices to represent 
percentages of information. The pie chart is easy to understand and thus is 
commonly used. Although there are other visuals that can show percentages, it is 
important to remember that a pie chart gives us a proportional visual for a whole 
group of records.

Let’s see a pie chart in action. Suppose we have a data set from a survey where 
we asked respondents to specify their highest level of education. We have 610 
responses, and the answer options were high school graduate, some college, 
associate degree, bachelor’s degree, and graduate degree. First, let’s aggregate this 
data into a table to count the total responses for each answer option.

Education Type Count

High School Graduate 75

Some College 125

Associate Degree 100

Bachelor’s Degree 225

Graduate Degree 85

Education Type with Count of Respondents

While the table is certainly more effective than reading all the records, it still 
requires the viewer to assess each value individually and then determine which 
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education level received the most responses. But when we visualize this data in a 
pie chart, a simple glance easily shows us which answer has the most responses—
and the highest proportion of the pie.

Basic Pie Chart Created in Excel (Used with permission from Microsoft.)

We can easily see that 37% of the responses to our survey responded that their 
highest education is a bachelor’s degree.

Treemaps

A treemap is a rectangle that shows the proportion of values using smaller 
rectangles within the larger one. Treemaps also can display a hierarchy when 
visualizing two data points, with a breakdown of both data points. For example, 
suppose we additionally surveyed our respondents about their likelihood of 
purchasing a product.

Survey Responses Displayed as a Matrix in Power BI (Used with permission from Microsoft.)

There were only two responses: likely to purchase or not likely to purchase. We can 
show the breakdown of this answer, as well as a breakdown of the education levels 
gathered previously, inside a treemap.
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Treemap in Power BI Shows Purchase Responses Plus Level of Education Percentages with Tool Tip 
(Used with permission from Microsoft.)

This visualization allows us to easily see two things:

1.	 The majority of the respondents indicated they were likely to purchase the 
product.

2.	 Within people who were likely to purchase the product, the majority had 
bachelor’s degrees. 

They can be simple to read, but always remember that when you are working as an 
analyst you will want to be sure to have descriptions that include what information 
can be gleaned from each visual.

Column and Bar Charts
When you want to display the distribution of data, you’ll want to choose a column 
chart or bar chart. These types of visualization show the total values of categories 
of data. Both bar charts and column charts are set on an x-axis (horizontal axis) and 
y-axis (vertical axis). The major difference between the two is the direction of the 
display: a bar chart reads horizontally while a column chart reads vertically. Either 
type of chart can show the distribution of basic information, so the choice of which 
to use depends on your preference.

Bar Charts

In a simple bar chart, the y-axis (vertical axis) lists the categories of information and 
the x-axis (horizontal axis) is labeled with a set of (discrete number) values that are 
a set distance from each other.

Let’s return to our survey example to create a bar chart. We list the categories, or 
the different answer options, on the y-axis. Then we draw the rectangle for each 
category across the x-axis to the total count for that answer. This bar chart allows 
the viewer to clearly see at a glance that most respondents indicated they have a 
bachelor’s degree.
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Education Type Count
High School Graduate 75
Some College 125
Associate Degree 100
Bachelor’s Degree 225
Graduate Degree 85

Table with Education Type with Count of Respondents

Count of Survey Responses by Type of Education Displayed in a Bar Chart in Microsoft Excel  
(Used with permission from Microsoft.)

Column Charts

A column chart displays the same information as a bar chart but swaps the axes, 
meaning the x-axis lists the categories of information and the y-axis is labeled with 
the numerical values. Using the survey example again, we list the answer options 
on the x-axis and draw rectangles up to the appropriate value for each.
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Level of Education Displayed in a Column Chart in Microsoft Excel (Used with permission  
from Microsoft.)

Column charts are also useful when we need to display ordinal information. For 
example, suppose our survey responses came in over a period of three months, 
and we want to see how many responses came in each month. Displaying this 
information in a column chart allows us to quickly see that we received the most 
responses in January, followed by much fewer responses in February, and even 
fewer in March.

Responses Collected Each Month in a Column Chart in Microsoft Excel (Used with permission  
from Microsoft.)
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Column charts are also often used to show revenues, sales, or other information 
consisting of dollar amounts, as this type of chart allows us to isolate and quickly 
compare each time period.

Monthly Revenue in a Column Chart in Microsoft Excel (Used with permission from Microsoft.)

Column charts are generally easy to read, but some people might prefer line graphs 
for this type of information. Thus, you will need to work with the consumer or 
decision maker when determing the appropriate visualization type. 

Line Graphs
A line graph, or run chart, consists of either a single horizontal line or a group of 
multiple lines that represent different data points at different times. This is typically 
the visual of choice when we want to look at time series data, or data over intervals 
of time, as the connected line makes it easier to see exactly how that data changes 
over time.

Let’s return to the same series of monthly revenue data that we used in the column 
chart and now visualize it using a basic line graph. When we view the data this way, 
it can be easier to spot the trend of the data over a period of time. For example, we 
see that revenue peaks in May and declines to a low point in August, at which point 
it starts rising again to reach a high point in November.

Monthly Revenue in a Line Graph in Microsoft Excel (Used with permission from Microsoft.)
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Adding Markers

To further emphasize certain points in a line graph, we can add a marker, which is 
often a dot or square placed on the line that makes it a little easier to distinguish 
the point. In a dashboard design, we can control what information shows up when 
the mouse hovers over the dot, allowing us to provide even more insight into the 
visual. In most popular visualization tools, the marker can also be used to display 
more information (in a pop-up) about the data point.

Revenue Each Month Presented in a Line Graph with Markers in Excel (Used with permission  
from Microsoft.)

Tools like Power BI and Tableau allow you to build more information into your 
pop-up display than Excel, like our example here that just shows the series 
name and the value.
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3

Review Activity:
Basic Visuals

Answer the following questions:

1.	 What type of visual appears as a circle broken into slices to represent 
percentages of information?

2.	 A treemap shows what information alongside values?

3.	 What is the difference between a column chart and a bar chart?

4.	 What do the lines in a line graph represent?
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Topic 12B
Build Advanced Visuals

EXAM OBJECTIVES COVERED
4.4 Given a scenario, apply the appropriate type of visualization

Basic visuals will show one or two data points in an easy-to-interpret manner, 
but advanced visuals are needed to represent more than just a single data point. 
As an analyst, you will create not only the visuals themselves, but will also create 
additional information to lie inside the visual, as done with stacked columns or 
bar charts. It’s important to choose the correct type of visual for the data you are 
working with because you don’t want to overcomplicate data visualization as much 
as you don’t want to oversimplify it.

It can be challenging for people who do not build visuals for themselves to read 
them. As data analysts, we know what we are trying to show in a visual and 
must always keep in mind that the more advanced the visual appears, the more 
explanation it might require, until everyone who consumes the information 
understands how to read it. 

Stacked Column/Bar Charts
When we build basic column and bar charts, we set a single data point on each 
axis, which gives us a high-level look at the values. However, if we want to provide 
a deeper insight into those values, we can add additional data points to create a 
stacked chart, either bar or column. The stacked column/bar chart breaks the bar 
or column into separate portions, each representing an additional data point. For 
example, suppose we need to visualize monthly revenues for a suite of products. 
We could create a set of basic column charts, with each chart representing the 
monthly revenue of a single product. Or, we could use a stacked column chart 
to portray all product revenues in a single visual. To build this type of chart, we 
start off the same way: the x-axis contains the categories (months), and the y-axis 
contains the numerical values. However, we now have an additional data point of 
the products. The stacked column chart breaks the category columns up so that 
each of the five products makes up a portion of each column.
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Stacked Column Chart in Microsoft Excel for Product Performance (Used with permission  
from Microsoft.)

For example, if we look at the column for March, we can see that product 5 (light 
blue) and product 3 (gray) made up a large portion of total revenue for the month, 
with products 1, 2, and 4 (dark blue, orange, and yellow, respectively) making up 
a lesser amount. The stacked column/bar chart allows us to compare something 
within a category; in this case, the visual allows us to see that some products are 
performing better than others. 

Highlighting Key Visual Information in a Stacked Column Chart in Microsoft Excel  
(Used with permission from Microsoft.)

This type of visualization also helps us more easily compare values for a data 
point across categories. For example, consider our product revenue example. 
When looking at the table, it might be hard to spot the low months for any given 
product. However, when you visualize this data in a stacked column chart, you 
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can immediately see the low points for any given product. For example, we can 
see that product 4 (in yellow) performed much worse in February than it did 
in other months. And in June, we notice that both product 1 (dark blue) and 
product 2 (orange) had lower-than-normal revenues, while product 5 (light blue) 
had an above-average month. While total revenue in June appears to be fairly 
consistent with the year, the chart allows us to clearly see that the higher sales for 
product 5 that month made up the difference for the other two products having a 
low-revenue month.

Line Graphs with Multiple Lines
We previously covered how to visualize data with a basic line graph. A line graph 
that has multiple lines to represent each data point over the time series is no 
different than a line graph with a single line, except of course for the fact that it has 
multiple lines (and thus can portray multiple data points).

Let’s return to our monthly revenue example. Suppose we want to visualize our 
data in a way that really highlights the top-producing products among all the other 
products.

Data Used for Multiline Chart in Excel (Used with permission from Microsoft.)

We also want to display each product's high and low points. With this goal, a line 
graph with multiple lines and markers would be the best bet.

Lines with Markers for Each Product in Microsoft Excel (Used with permission from Microsoft.)

On the x-axis we place our categories (months), and the y-axis lists the monthly 
revenue values. Each product is represented by a different colored line. This visual 
allows us to see that products 3 and 5 are by far our top performers, with product 3 
being the largest and most consistent source of revenue. Product 5 hits a high point 
in June and bottoms out in August, but it appears to level out again in the later 
months of the year. This graph allows us to very easily see the trends in data over 
time across multiple products, so that we may make comparisons.
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Combination Charts
There is also value in building visuals that combine columns and lines, particularly 
when you want to compare one or more data points (columns) against a trend 
(a line). You can use either single columns or stacked columns in a combination 
chart. Let’s return to our product revenue example, assuming this time that we 
want to compare monthly revenues for product 3 against the average product sale.

Combo Chart in Excel Showing Monthly Revenue and Annual Average for Product 3 Only (Used with 
permission from Microsoft.)

This simple combination chart allows us to compare the performance of product 3 
against its annual average. The contrast between the average and monthly values 
shows us that there are a few high months and a few low months for this product, 
rather than a consistent month-by-month performance. It’s worth noting that the 
gap between the lowest value and highest value is $7,000 in revenue.

Combo Chart in Excel Showing Monthly Revenue and Annual Average for Product 2 Only  
(Used with permission from Microsoft.)

Let’s do this again, but this time using the data for only product 2, which is one of 
the less revenue-producing products. By comparing this product’s monthly revenue 
to the product’s annual average, we can see that despite having revenues lower 
than the average, this product consistently performs pretty consistently across  
the year.
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To make your visuals easier to read, it is crucial to give them proper titles and data 
labels, like what you see for the monthly revenues and annualized average related to 
specific products. For any visual you build, you will want to consider what additional 
elements should be included to make it more digestible for the audience/consumers. 

Combination charts also allow us to utilize a secondary axis. The secondary axis 
can be used when the gaps between two sets of numbers are so large that the 
distance makes it hard to read the chart purely from a visual standpoint. Suppose 
we want to create a chart that compares the monthly revenue for product 2 against 
the annual average for all products. As you can seein the screenshot, the annual 
average for every product of $127,290 is far greater than the revenues per month 
for product 2.

Product 2 Monthly Revenue and Annual Average for All Products Displayed in a Combo Chart in 
Excel Without the Secondary Axis for the Average (Used with permission from Microsoft.)

This certainly is an accurate depiction of the product performance, but because the 
difference between values causes the y-axis to greatly lengthen, its hard to even see 
where the product has high or low months. To visualize this information better, we 
can leverage the secondary axis.

Product 2 Monthly Revenue and Annual Average for All Products Displayed in a Combo Chart in 
Excel Using the Secondary Axis for the Average (Used with permission from Microsoft.)

We now present both sets of data in a more readable format. We can see not only 
that this product's revenue lies way below the average of all products, but also the 
higher and lower revenue months on the primary axis.
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Scatter Plots and Bubble Charts

Scatter Plots

A scatter plot consists of two variables plotted on the x-axis and y-axis, with a 
dot placed on the graph where the two data points converge on both of the axes. 
Scatter plots help us determine whether there is a relationship between the two 
variables placed on the axes, and are especially useful when we want to spot 
outliers.

Let’s use an example to create a scatter plot. Suppose we are conducting an internal 
market analysis and want to determine whether an individual’s salary has any 
bearing on the amount of money they spend on our products annually. To do this, 
we need to compare two variables: their annual salary and their annual spending 
on our products. We can place these two values on the axes of a scatter plot, and 
then add a dot to the graph at every point where the annual spend matches the 
annual salary indicated.

Basic Scatter Plot in Microsoft Power BI (Used with permission from Microsoft.)

We can analyze the layout of the dots to determine whether there is any correlation 
between these two variables. In this example, the dots are steadily headed in an 
upward direction and in a straight line. This trend shows us that the more money an 
individual makes, the more they spend on our products. If the trend of the dots had 
instead gone steadily downward, we would make the opposite conclusion—that the 
more money an individual makes, the less they spend on our products.

Returning to this scatter plot, we should note that there are two outliers in our 
data. The data point at the top left indicates this person has a high annual income, 
but spends less on our products. The next outlier on the bottom right indicates 
an individual who spends a fairly high amount of money on our products despite 
having a low annual salary. Despite these two outliers, however, our conclusion still 
stands. The outliers are an exception to the trend, but the trend still exists.

If there truly is no trend at all, that’s when we can determine that the two variables 
are not related. For example, let’s plot a separate set of data containing annual 
salaries and annual spending for a different company.
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Scatterplot in Microsoft Power BI Showing No Relationship between Annual Salary and Annual 
Spend (Used with permission from Microsoft.)

This time, you will notice that the dots are generally placed in the same area. All 
the individuals in this data set spend between $1,000 and $1,400 regardless of 
their annual salary. A scatter plot helps us visualize the connection between two 
variables so we can easily see whether there is (or isn’t) a strong relationship.

Bubble Charts
Unlike scatter plots, a bubble chart allows us to work with more than just two 
data points/variables on the x-axis and y-axis. This visual will allow you to add 
a third variable or dimension of the data as represented by the size of the dot 
(or bubble). When working with the scatter plot and wanting additional data to 
convey additional meaning, you can use the bubble chart to show the third value 
via dot size. Let’s look again at our annual salary and spending data for the first 
company we analyzed, but this time let’s also visualize the number of people in the 
household, as we suspect this variable might play a role in spending. 

Bubble Chart in Microsoft Power BI (Used with permission from Microsoft.)

This additional data point gives some context to the two outliers we saw previously. 
For example, we can now see that the high salary, low spending outlier has five people 
in the household, whereas the low salary, high spending outlier only has one person 
in the household. We can draw the conclusion that the one-person household can 
afford to spend more on our products despite having a lower salary, as opposed to the 
household with more people (and thus more overall spending needs).

Scatter plots and bubble charts are useful visualizations when you want to assess 
for an existing relationship between two variables, and bubble charts specifically 
can provide additional insight into what additional factors may contribute to the 
presence of outliers.
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Histograms
A histogram is similar to a column chart, but the key differentiator is the ability 
to show a frequency of values that are grouped by bins, or class intervals. Each 
bin is aligned on the x-axis, while the metric we want to assess against is listed on 
the y-axis. The size or height of each column portrays the volume of the numbers 
in each bin. Aesthetically, while a column chart has spaces between the columns, 
there is no space between the columns of a histogram. When we are formatting the 
data for histogram creation, there are four rules to keep in mind.

1.	 Each bin should be the same size. Your bins can contain groups of 5, 19, 100, 
or even 1,000 records. The size you need ultimately depends on the number 
of records you’re analyzing. No matter how many records end up in your bin, 
make sure the group size is consistent. For example, suppose our data set 
includes values ranging from 1 to 100. We could create 20 bins in groups of 
5 or 10 bins in groups of 10. Outliers must be included in your bins. You will 
want to consider the lowest number in your data set and the highest number, 
and then choose the size of your group accordingly. For example, if most of 
your data set includes values from 80 to 100, but you have one value that is 
20, your bins need to include values from 20 to 100.

2.	 To make the chart easier to read, whole numbers should be used for both the 
start and end of the bin, when possible.

3.	 The number of bins should not be exceedingly large. While the number of bins 
ultimately depends on your volume of data, a good rule of thumb is to use 20 
or fewer bins.

While you can build a histogram manually, a tool such as Excel makes this task 
easier, particularly when you’re working with large data sets. Let’s walk through an 
example. Suppose that at the end of each month, a company asks its employees to 
complete a performance survey consisting of Likert scale questions, with choices 
from 1 to 5. The values chosen are then summarized to create a performance score 
for each employee, for each month. This goes on for a period of 4 months.

Performance Score Data in Excel (Used with permission from Microsoft.)
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If we want to see the frequency of the performance scores across the four months 
for which the survey was performed, we should use a software visualization tool to 
build a histogram from our data.

The highest score in our data set is 25, so we will break our data out into five bins of 
five. You can see the bins identified in our table to the right of the actual values. We 
will use the Excel data analysis ToolPakto build our frequency output, which is how 
many times a score showed up and in what bin, and then display that information 
in our chart.

Final Output of Histogram Using Excel Data Analysis ToolPak (Used with permission  
from Microsoft.)

Looking at the histogram, we see that the most selected score is 10; that’s the mode 
of these values. We can also see that most of our data landed in the leftmost area 
of the histogram. In the performance survey, low values meant low performance 
ratings. Thus, the histogram makes it clear that the employees overall denoted 
lower performance scores over the four-month period than they did higher scores. 

When you create a histogram in Excel, the default chart contains gaps between the bars. 
In our visual, we can decrease the gap width to remove the space between the columns 
in the chart-formatting options. 

Waterfall Charts
A waterfall chart is used to show performance over time, such as when tracking 
operating expenses, cash flow, or even growth in customers or investments. A 
waterfall chart visualizes how the money flows through from starting balance to 
ending balance. The time period is set on the x-axis while the money value is set on 
the y-axis.

For example, let’s suppose we want to visualize the cash flow for our company for 
an entire year. Our starting balance is $15,000, and each month our columns either 
move up the y-axis (when cash increases) or move down the y-axis (when cash 
decreases). The columns continue through each month, until the end of the year, at 
which point we are presented with our ending balance.
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Waterfall Chart in Microsoft Excel Displaying Company Monthly Expenses with Starting Bank 
Balance and Ending Balance (Used with permission from Microsoft.)

The size of the blocks is based on the amount of cash earned or lost each month. 
The axis in this scenario sets major lines for every $10,000. If we focus on the 
columns for the starting point and the first quarter of the year, we will see that 
we are steadily moving up to $45,000. (We start with $15,000 and add $10,000 in 
January, February, and March.) Every time we add or take away money the waterfall 
chart shows not only the change in cash flow for that month, but also demonstrates 
the performance in relation to every previous month. At the end of the year, our 
ending balance gives us our total balance for the entire year, reflecting all the ups 
and downs. In this example, we end the year with an additional $20,000. 

When you use Excel to build waterfalls, don't forget to set the starting balance and the 
ending balance as totals. You do this by right-clicking on those columns and selecting 
“set as total.”
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6

Review Activity:
Advanced Visuals

Answer the following questions:

1.	 Which type of visual displays additional data points as separate 
proportions?

2.	 Which type of visual would work best for visualizing the run time (in 
years) of multiple television series?

3.	 Combination charts typically use what type of visual alongside columns 
(either single or stacked)?

4.	 What differs between how a scatter plot and a bubble chart plot points?

5.	 In which way does a histogram display values that a column chart 
does not?

6.	 Which type of visual is best to display performance over time?
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7

Topic 12C
Build Maps with Geographical Data

EXAM OBJECTIVES COVERED
4.4 Given a scenario, apply the appropriate type of visualization

These days, many organizations spread beyond typical borders, crossing over into 
many different geographic areas. Even smaller companies are likely to have data 
from different geographical areas, particularly when it comes to surveys and polls. 
When working with data that has geographic fields, you may find there is a desire 
to map the data, to show how it appears across the country or even the world. 
In order to do this, you first will need to confirm that your geographic fields are 
recognized by the visualization tool. 

Preparing Geo Fields for Mapping
Any tool that provides mapping, like Power BI or even Tableau, will also have built-
in mapping visuals. There are also software programs specifically designed for 
mapping, like ArcGIS, which is dedicated to mapping data and offers comprehensive 
mapping components.

These visuals do have an expectation that your data is recognized as a geographic 
field. If the program you are using does not automatically detect your data as 
a geographic field, you can easily convert it. It is also important to ensure that 
geographic data is complete before you start the mapping process. For example, 
someone in a survey may have filled in their address but forgotten the zip code. It 
could also be that you have only partial geographic data—you might have city and 
state data, but lack county data. You may also find that the software expects very 
specific data, like latitudinal and longitudinal coordinates. We wouldn’t ask a survey 
taker to provide this data, but we will use data sets to merge the data we have with 
this required data.

Let’s walk through preparing geographic data for mapping using a sample data set. 
The Excel list shown here contains data for the monthly amount of tax collected 
by each tax type. The name column contains the name of the state—that’s our 
geographic field. Other columns contain the collection month, year of collection, tax 
type, amount, FIPS state codes, and numeric month.
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Data from the US Census Burea Data Tools Site for Tax Collection (Used with permission  
from Microsoft.)

However, when we put the data into Tableau to perform mapping, we can see that 
some of our data types are incorrectly identified. The FIPS state data is identified as 
a geographic field, when this is a number. On the other hand, the Name data, which 
should be identified as a geographic field, is marked as text.

Data Transferred to Tableau for Mapping (© 2021 Salesforce.com, Inc. All rights reserved.  
Used here with permission.)
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In order to effectively map, we will need to ensure that these fields are properly 
recognized. The process used to convert data to a geographic field depends on the 
software you are using. To do this in Tableau Desktop, simply right-click on the field 
you need to change (in this case, Name), go to "Geographic Role," and choose the 
proper type.

Converting to Geographic Role Field in Tableau Desktop (© 2021 Salesforce.com, Inc. All rights 
reserved. Used here with permission.)

There is also software intended to be used specifically for mapping, like ArcGIS, which is 
dedicated to mapping data and thus offers comprehensive mapping components.

Geographic Maps
There are two styles of maps you will commonly use to display geographic data: 
the dot map, which uses markers to note specific spots on the map, and the filled 
map, which fills in the borders of a location. You may also see layered maps, which 
blend the two types of maps together.

Dot Maps

Dot maps are typically used when we want to pinpoint a location, like a postal code 
area, or highlight an amount of data occurring within a particular point, such as 
within a particular state. For example, suppose we want to identify which states 
reported individual tax type incomes to the US Census Bureau in 2019, and how 
much was reported. Using a dot map, we can easily identify not only the states that 
reported the tax types (via the dot placed in the center of each state), but also how 
much was reported—the larger the dot, the greater the amount that was reported. 
We can see that South Dakota did not report these taxes, while North Dakota did. 
However, North Dakota reported a small amount compared to a state like New York.
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Dot Map in Tableau Desktop (© 2021 Salesforce.com, Inc. All rights reserved.  
Used here with permission.)

Filled Maps

Filled maps fill the border of a geographic location. In our scenario since we are 
referring to the entire state versus a point in the state, we may want to use a filled 
map in some mapping scenarios, but you do lose the sizing component of the dot in 
a filled map. 

Filled Map in Tableau Desktop (© 2021 Salesforce.com, Inc. All rights reserved.  
Used here with permission.)

This map highlights each state that is in the data by filling in the whole state 
boundary with a color. We can easily detect which states are in this data set, and 
which states are not.
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Layered Maps

When you want to visualize multiple data points, a layered map may be your 
best choice. Layered maps contain different layers for various data points within 
the data set, using both dot and filled approaches, and can give you the most 
comprehensive experience.

Let’s return to our tax reporting example. Suppose that we also want to visualize 
average household income of each state. We could present two different maps 
to convey this information. Or, we could use a layered map to display household 
income and tax reporting data in the same visual.

Data Layer Map with Dots to Show Tax Revenue with Dots, and Household Income for Each State 
with a Filled Background in Tableau (© 2021 Salesforce.com, Inc. All rights reserved. Used here 

with permission.)

In this visual, the filled map represents the average household income for each 
state, while the dot map represents the state tax data from the US Census Bureau.
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8

Review Activity:
Maps with Geographical Data

Answer the following questions:

1.	 Which software is dedicated to mapping and offers comprehensive 
mapping components?

2.	 Which data transformation will likely be needed before visualizing 
geographic fields?

3.	 Which type of map is used to highlight the amount of data occurring 
within a particular point?

4.	 Which type of map is used to visualize multiple data points?

5.	 A filled map highlights what portions of a visual with a color?
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6

Topic 12D
Use Visuals to Tell a Story

EXAM OBJECTIVES COVERED
4.4 Given a scenario, apply the appropriate type of visualization.

Visuals always tell a story, but how well they tell that story depends on the 
storyteller. In this case, the storyteller is our choice of visualization. When building 
visuals, you will want to choose visualization types that best support the overall 
story your data is telling. Heat maps, infographics, and simple word clouds can be 
key components of visual storytelling, especially when combined with other charts, 
graphs, and maps as appropriate. 

Heat Maps
A heat map is any visual that uses color to draw attention to a “hot” spot, or a part 
of the visual that needs pointing out. A heat map can use color scales to point out a 
high or low number, or it can use color to draw attention to points on a geographic 
map.

Color Scales

Suppose we have product sales numbers for the year, and we want to draw 
attention to the months with extremely low sales. We can use Color Scales with 
Conditional Formatting in Excel to create a heat map for these values. There are 
multiple colors to choose from, so you can use whatever best suits your needs. For 
example, here we are using red, since we are highlighting low sales. But we could 
use green, or any other color, if we instead wanted to draw attention to months of 
high sales.
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Color Scale Conditional Formatting in Excel (Used with permission from Microsoft.)

As you can see, the red color applied onto these values allows us to easily see which 
months are most impacted, and gives us an idea of which values we should be 
looking at in the stacked chart underneath the heat map. 

Geographical Heat Maps

Heat maps can also be used when you want to draw attention to points on a 
geographic map. Let’s look at an example. Suppose we want to identify how many 
locations for a certain business exist in each county in the state of Alabama. On the 
right-hand side, we have our list of the number of locations per county, organized 
from most to least. To visually show which counties have the highest number of 
locations, we use a heat map. 
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Density Map and Color Scales in Tableau Dashboard (© 2021 Salesforce.com, Inc.  
All rights reserved. Used here with permission.)

The list of counties uses a color scale; more dense/darker colors indicate a higher 
number of locations. On the map, we place dots on every county, which vary in 
color density corresponding to the number of locations. This allows us to see the 
areas with the most locations in list format and geographically. This information is 
useful when it is important to understand the geographic spread of a variable, such 
as when a business is considering adding more locations.

Word Clouds
A word cloud is a visual representation of the words used in a particular body of 
text. A word cloud analyzes the text that you’re working with and visually portrays 
the words in varying sizes to identify how often a particular word is used in the 
text. The largest words are those that are used most frequently, while the smallest 
words are those that appear less frequently. You can tweak the settings to suit your 
needs, such as choosing to exclude certain words from the analysis that you may 
not want to skew results. You can also remove stop words, like “the,” “and,” “or,” 
and “to.” Stop words are words that appear frequently in your data but do not need 
to be counted; removing them leaves the more relevant words to be counted and 
visualized.

For example, suppose an organization is planning internal training sessions for the 
coming year and decides to ask its employees to identify topics that they would like 
to see training on. Each employee provides the organization with one to five topics, 
written into a free-form survey box. If we want to visualize this data, we will likely 
choose to use a word cloud.
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Sample Word Cloud Developed with Word Cloud Visual in Power BI (Used with permission  
from Microsoft.)

The largest words—management, development, and business—are the words that 
were used most often by the employees. This tells us that management training, for 
example, is something that many of the employees would be interested in, which 
can help the organization plan. A word cloud is not only visually appealing, but also 
more easily analyzed than a count of each word.

Infographics
An infographic is any combination of visuals, artwork, photos, and language 
that tells the story of your data in a compelling and graphically appealing way. 
Infographics allow people to easily digest information and are often used on 
websites, handouts, social media posts, and magazines. It is unlikely that a company 
would use an infographic to deliver operational data to help run a production line, 
but that same company might provide potential clients a beautifully designed 
infographic to explain why they should partner together.

There are tools that are dedicated to the building and development of infographics. 
People who work in graphic design might use Adobe Illustrator, while those who 
are less graphically savvy may use a tool that provides a little more hand-holding, 
like Canva or another online infographic tool. No matter which tool you’re using, it’s 
important to remember that you must have the data and the numbers needed to 
design a visually compelling infographic in the first place.

DA0-001_Lesson12_pp205-238.indd   234 15/01/22   6:26 PM

LICENSED FOR USE ONLY BY: MUHAMAD SHAHRIZAL ARIS · 76712282 · DEC 27 2025



Lesson 12: Using the Appropriate Type of Visualization  |  Topic 12D

The Official CompTIA Data+ Student Guide (Exam DA0-001)  |  235

CompTIA’s Website Displays an Infographic About Different Job Roles in IT

This screenshot displays an infographic that presents information for each of the 
technical pathways provided by CompTIA. When you hover over the infographic on 
the website, it is interactive, allowing you to not only visually see information but 
also to navigate and discover more information. You can visit the site and see the 
infographic for yourself, here: https://www.comptia.org/content/it-careers-path-
roadmap.
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7

Review Activity:
Visuals to Tell a Story

Answer the following questions:

1.	 A heat map can also be referred to as what?

2.	 What can be used in Excel to create a color scale?

3.	 The data points of a geographic heat map are usually colored based on 
what?

4.	 Which type of visual would be appropriate for visualizing open text 
responses from a survey?

5.	 What are some tools that might be used to create an infographic?
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Lesson 12
Summary

After this lesson, you should have a better understanding of how to use and read 
basic visuals, like pie charts, tree maps, bar and column charts, and line graphs. 
You should also have discovered how to leverage more advanced charts, like 
stacked charts, graphs with multiple lines, combination charts, scatter plots, bubble 
charts, histograms, and waterfall charts. You should have learned about mapping 
geographic data and highlighting information with color scales, and discovered the 
practical visual storytelling that is provided by using word clouds and infographics.

Guidelines in Using the Varying Types of Visualizations

Consider these best practices and guidelines when familiarizing yourself with the 
data visualizations you will be working with.

1.	 Basic visuals are the best choice when you want to share information in a 
way that is easy to understand, using a visual type that is common and thus 
recognizable by most people.

2.	 Pie charts and tree maps are used to show the proportions of data as a whole.

3.	 Bar charts and column charts can be used to clearly display counts and 
percentages for data.

4.	 Line charts (either with a single line or multiple lines) effectively show value 
changes over time periods.

5.	 Stacked charts are useful when you want to add another dimension of data to 
your visual.

6.	 Combination charts are used to compare one or more data points against 
a trend.

7.	 Scatter plots and bubble charts are both used to determine whether a 
relationship exists between two variables, but only the bubble chart allows for 
the addition of a third dimension, which adjusts the size of the bubble.

8.	 Histograms use bins to visualize the frequency of your data, and are used 
quite often in statistics analysis.

9.	 Waterfall charts show the ebb and flow of values and are extremely useful 
anytime you have a starting and ending position, especially for financial 
analysis.

10.	 Before you can map data, you must make sure you’ve prepared the 
geographic fields so that the software you use recognizes your data as 
geographic. 

11.	 A dot map is used to draw attention to a particular point on a map, while a 
filled map is used to highlight the entire boundary of a country, state, city, 
or county.
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12.	 Heat maps use color to draw visual attention to areas of interest.

13.	 Word clouds are the visualization of choice when you have a lot of  
text-based information.

14.	 Infographics use a mix of data, charts, and imagery to generate a creative view 
of the data that is easily digestible and visually appealing. 

Practice Questions: Additional practice questions are available on the CompTIA  
Learning Center.
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Lesson 13
Expressing Business Requirements  
in a Report Format

LESSON INTRODUCTION
A key skill for the data analyst is the ability to translate information into business 
requirements. Developing business requirements in the data world means that, 
as an analyst, you understand the types of requirements needed to perform 
any business request that comes your way. You must then work through those 
requirements to deliver the appropriate style of report or dashboard, with the 
correct type of filters, and at the right time to the right people. From the outset, 
a data analyst must develop a high-level understanding of the audience for the 
data, where the data came from, and how it will be delivered. This information 
will guide you in designing reports and dashboards that meet requirements and 
have the appropriate view filters and navigation. Understanding and outlining the 
requirements for data helps to ensure that reporting not only meets specification, 
but that it is also usable by the people who need the information. 

Lesson Objectives
In this lesson, you will do the following:

•	 Consider audience needs when developing a report.

•	 Describe data source considerations for reporting.

•	 Describe considerations for delivering reports and dashboards.

•	 Develop reports or dashboards.

•	 Sort and filter data.
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Topic 13A
Consider Audience Needs When 
Developing a Report

EXAM OBJECTIVES COVERED
4.1 Given a scenario, translate business requirements to form a report.

The development of business requirements requires an analysis of the audience 
who will be using a report or visualization. It’s important to understand the 
different needs and desired insights across different types of consumers within 
an organization, including both internal and external stakeholders, because this 
information will guide what data you will include in your reports. It’s also important 
to consider the level of access to data that should be provided to different types 
of consumers.

The Audience
When developing any type of reporting, you need to determine your audience—
the people who will be using the data within your reports and dashboards. An 
understanding of your audience is important because this knowledge will help 
you to identify what type of data they need and what access they may require to 
support the reporting process. The audience may be a person within a specific role, 
a department, or even the entire organization.

The people who are in your audience would also be considered the distribution 
list, or those who receive the report or dashboard. The distribution list can 
sometimes be noted on the actual report or dashboard. This allows the audience to 
know who else is receiving the report, thereby avoiding questions like, “Did John see 
this report?”

It’s not only important to understand who the users of your report are, but also 
which individuals will have access to specific types of information. Consider the 
following example involving human resources (HR) data and salary information. 
Although these functions each have a dedicated departmental team, only HR 
leadership and the managers of each department in the organization should be 
able to access certain information related to performance reviews. Because salary 
information is confidential, the analyst should have a list of managers who need 
access to the information, because only these individuals should ultimately be the 
audience for this data.
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Consumer Types
Information presented in visual format is used by different types of consumers. In 
an organization, both internal and external parties consume data. It’s important to 
remember that each type of consumer has different requirements and/or needs. 
When writing your initial business requirements, be sure to determine who your 
audience will be and what type of consumer they are. This knowledge allows you to 
determine what type of view would be ideal and what access they will need to the 
information, which in turn helps you design better visualizations and provide more 
insight. Types of consumers include the following:

•	 C-level executives

•	 Management

•	 External vendors/stakeholders

•	 General public

•	 Technical experts

Think about the type of consumer that will use your information when writing 
business requirements and designing visuals. When designing visualizations for 
a particular consumer type, consider how to give people access to the data and 
what type of viewing requirements they may have. For example, you can’t give the 
general public access to your internal data systems for security purposes.

It’s also important to consider what insights they should gain from a visualization. 
The data content should be geared toward the overall project. This can include 
the standards of the data, like what fields are to be named, and also what data is 
included. Remember when developing a report or data project that your consumers 
do not need all of the data at all times. Clarification on what data content is needed 
for the objective falls right in line with the consumer type. A person who is in a 
management position might need details or insight into a particular set of business 
processes, or even department-level insight. In contrast, the C-level executives 
(Chief Executive Officer, Chief Operating Officer, and Chief Marketing Officer) likely 
need to view information from an organizational perspective.

Likewise, external vendors or technical experts will use the information differently 
than the other stakeholders, even if they see the same type of visualization. As 
an example, if your organization works with a vendor to provide bike parts, that 
vendor doesn’t need to know your annual revenues, but it will need to know the 
expectation you have for bike parts. This information helps the vendor ensure they 
have all the necessary parts ordered for fulfillment.
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3

Review Activity:
Audience Needs When Developing  
a Report

Answer the following questions:

1.	 The people who are in your audience would also be considered what?

2.	 C-level executives, management, external vendors/stakeholders, the 
general public, and technical experts are all types of what?

3.	 Why is it important to consider who will be the users of a report?
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4

Topic 13B
Describe Data Source Considerations 
for Reporting

EXAM OBJECTIVES COVERED
4.3 Given a scenario, use appropriate methods for dashboard development.

When you are performing a data-related project, you will need to determine the 
source of the data needed for reporting, as well as plan for how the data will be 
viewed, described, and communicated through reporting. These considerations are 
key to forming a project plan, establishing and meeting business requirements, and 
developing reports and visuals that will be shared with key stakeholders in your 
organization.

Documenting the Source Data
When you are visualizing and reporting on data, you will want to make sure you 
first identify the source of your data. Remember that not everyone will have the 
same level of data source access that you do as an analyst. At least some of the 
people in your audience will lack access to the direct source of the data used in 
a visualization. Because these people do not have equal access to the data, they 
cannot freely run the report.

In these cases, you will have to develop a new source for your data project from 
the original source data. This way, others can be given access to the data they 
need. When you do this, you will need to note the source data for your project. 
This can be documentation that you add onto the report itself or include in an 
appendix. It could even be as simple as a “read me” file, which is just a notepad 
file located in the same folder as your project. As an example, suppose you are 
writing a report that shows new hires from the HR system and their corresponding 
payroll information from the payroll system. As an analyst, you have access to both 
source software systems, and you create a query that combines the data from both 
systems to create the report. You should document that the source of the report 
is the query you created and the source data for the query are the two software 
systems (HR and payroll).

Not all data that we use for reporting and visualization is actually stored in the 
database, so we write many functions and formulas to accomplish our projects. 
When you write any form of calculation on your data, you want to be sure to 
document that not only for yourself but for every consumer of the report. For 
example, if you have created a field to calculate a commission amount based on a 
change to the rates, the documentation that supports the project should include 
the calculation, why it was created, and what it does. This is especially important 
when you write logical functions, so that consumers know what logic is being 
applied and why.
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Why We Document Data Sources

Here are just a few of many reasons why we document our data sources.

•	 To account for changes in role and prepare others who might take over the work. For 
example, if you are promoted, you will want the data analyst who steps into your 
role to have adequate information to support the reports and projects you have 
already developed.

•	 To expedite the process of resolving issues. When issues arise in the data that 
must be addressed with proper documentation, the process to identify the 
issue can begin immediately when we have documented the source. Without 
documentation, we are required to reverse engineer the project to determine 
where the source data came from.

•	 To facilitate a return to the project. For example, we may want to add an 
enhancement to a report after a large amount of time has passed, and the 
source documentation will streamline that process.

•	 To answer questions about where the data came from. When your report is 
presented in a meeting, people will undoubtedly ask where this data came 
from. You don’t want to be put on the spot, searching for an answer; the source 
documentation makes it easy to provide this information when asked.

Determining Access to Data
As a data analyst, you will often have greater access to data than a typical staff 
member of the organization. You will need to provide users with just the data that 
they need, rather than all the data available, which some individuals may not have 
permission to access.

Gaining Approval/Approval Granted

Before you even begin reporting on data, it is important to first gain approval to 
design the dashboard or report. You must also gain approval to give that dashboard 
or report to others to use. The approval process varies between organizations, and 
in some cases even between departments. You might need to go through multiple 
levels of approval depending on your organization, but you will likely need to speak 
with your manager, and the managers of those who will need access, to start this 
process. The Information Technology (IT) department may specifically grant the 
approval to the data that feeds your dashboard or set of reports.

Reporting with Varied Permissions and Access

You will provide data to other users through reporting in several ways depending 
on their permissions and access to the data. It may be that they are given 
permissions to the database, or you might need to develop a way to give people 
data for their reporting without them having full permissions. For example, if your 
report has direct access to an SQL database, when users access your information 
they must also have access to the SQL database. As an analyst, when you are 
describing the data source considerations you will want to be familiar with your 
organization’s process of giving users access to data, as these types of permissions 
can vary depending on the data/system/technology at any given organization.

However, there are also ways to give users access to your data without requiring 
direct access through the organization’s systems. To demonstrate, let’s continue 
with our example of confidential payroll data. Suppose that a department manager 
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needs to see salary information for each of their employees, but managers are 
not allowed access to the source data that holds the information needed. To meet 
these requirements, you might create a view of the data that gives them just the 
data that they need. Or, you might automate a way to create a data set and export 
the report (e.g., using a simple CSV format).

Determining what the audience can access (and more importantly, what they 
cannot access) is an important step in developing overall business requirements for 
data, as it will affect how you present data and reporting to the organization. 

Developing Views of the Data
The analyst often builds queries or views of the data that provide information to 
reports or dashboards. These views allow you to join the data and effectively pull in 
just the information that you need from each table. These views then serve as the 
source of the reports and/or visualizations.

Any time we organize tables and/or query and join them, we are building a data 
model. A data model organizes the data and the relationships of data elements so 
that the data is ready to use and meaningful for every user who needs a report. The 
person who accesses the report will not need to organize the data themselves.

Where you can build views will be determined by the permissions you have within 
your organization’s data system. If you have access to either the database or the 
data warehouse, where you can create views that are available to all people who 
have access, then you might build your query (data model) and save it as View. 
You can then leverage the View when you use tools like Power BI or Tableau for 
reporting. Building this view eliminates the need to use the data prep tools in these 
applications, because you can model and filter the data beforehand.

StudentRosters_Extra View in TDHS_StudentInfoSys SQL Server Management Studio  
(Used with permission from Microsoft.)
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Assuming that you have permissions to create views in the database, you can 
hard code filters in your views. For example, you may want to only show data for 
the current year. You would hard code the appropriate date field, in this case end 
school year, indicating the current year for use as a filter. Then you would add the 
appropriate date type filter. We have used a function of Year (Now()) so that it looks 
at the current date and returns the current year to use for the filter. This ensures 
the data in your view is only current-year data.

You may find that you have access to all the tables you need, but no permissions to 
create a view inside the database. In this case, you will create a data model using 
a tool like Power BI. This model is built to bring in, join, and clean the data within 
Power BI. 

Screenshot of Data Model of Students and Gifted Status from the TDHS_StudentInfoSys Database 
in Power BI Data Model View (Used with permission from Microsoft.)

Using the model view, which is the button on the left vertical bar that has tables 
related as an icon, we can see the data model that is built for this Power BI file. It 
displays the relationship between tblGiftedEntry and tblStudents, and it will also 
allow you to bring in other data sets as needed and add their relationships.

Regardless of the method for filtering the data with views, your goal is to narrow 
down the tables into just the information you need for the report. Using a hard-
coded filter in the query allows the software you use to only process what data is 
needed up front.

Data Fields and Attributes
As an analyst, when considering the source of the data you’re using for 
reporting, you should also ensure that the data field names and attributes are 
set accordingly.
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Field Definitions

You likely know a lot about the fields of data used in reporting, but others may 
not have the same experience working with that data. For example, while most 
people might recognize FNAME and LNAME as the first and last name fields, they 
probably don’t know that the field containing Location, Warehouse, and Bin number 
is called LWB. For each data project, you should provide field definitions to clarify 
what information each field contains, as the names of the fields may not be readily 
apparent to everyone.

Providing proper field definitions for a report or dashboard is key to everyone 
productively working with the information and being able to answer their 
own questions about each data point they see without having to confirm 
their understanding of what the field means (or worse, operate on the wrong 
understanding). Including field definitions in the dashboard is one way that we can 
ensure the field information is available to the user without requiring them to open 
up any further emails or documents. When the dashboard is published, the page of 
information will be included.

Example of Field Definitions as Page in Power BI  
(Used with permission from Microsoft.)

Let’s look at an example. In our screenshot, the naming of the field “InitialScore” 
might imply that multiple scores exist, and this field is just the initial score. 
However, this is just poor naming of the actual field stored in the database, as there 
is only one field for scores. The data analyst can clarify this possible misconception 
in the field definitions. Each data analyst or organization may approach field 
definitions in a different way, but the goal is always to ensure that the user 
understands where the data comes from and what the field really contains.
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Reading Field Attributes

In addition to providing proper field definitions, it’s important to understand how 
visualization software will read fields based on their data types. Dimensions and 
measures are terms commonly used to describe attributes of data visualization 
software.

•	 Dimensions are attributes for categorical data that are used to label and provide 
meaningful insight about the data. Dimensions are typically the text-based 
values in our data sets, such as color, product name, or employee name.

•	 Measures are attributes for number-related values. These are the fields likely to 
be averaged, summed, or otherwise aggregated.

•	 Date fields may have an associated date hierarchy depending on the software 
you are working with, such as Power BI.

In the screenshot below, we have connected to The Digital High School Database, 
also referred to as TDHS_StudentInfoSys database, and also connected 
tblGiftedEntry and tblStudents into the data model.

Power BI Connected to TDHS_StudentInfoSys Tables for Gifted Entry and Student  
Information (Used with permission from Microsoft.)

Power BI reads the InitialScore field as a value that can be aggregated and provides 
a date hierarchy for all the date fields. The other fields are read as dimension 
data. However, if needed, they can be converted to other types of aggregated 
information when appropriate.
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Tableau will also read field information but will interpret it differently than Power BI, 
as you can see in the image below. This is the same database, and the same tables, 
tblGiftedEntry and tblStudents.

Fields Displayed in Tableau Desktop from TDHS_StudentInfoSys (© 2021 Salesforce.com,  
Inc. All rights reserved. Used here with permission.)

Note that Tableau provides some initial aggregated fields for you to select. It 
also displays the data type for each of the fields in the data. The Tableau canvas 
displays Measure Names and Measure Values, which will take the fields that it 
sees as numbers and attempt to give you an aggregated view of these fields, if you 
choose to utilize them. They will default to sum or count, so be careful to adjust 
as appropriate. For our example, we applied the measure values but adjusted the 
IntialScore from Sum to Average.

Every system reads fields slightly differently and offers different features meant to 
enhance productivity.
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5

Review Activity:
Data Source Considerations  
for Reporting

Answer the following questions:

1.	 What organizes the data and the relationships of data elements so that 
the data is ready to use and meaningful for every user who needs a 
report?

2.	 If only part of a table from a database should be shared for the audience 
of a report, what can be created to only provide the permitted data for 
access?

3.	 The creation of what only allows the software in use to process the data 
that is needed up front?

4.	 What should be provided to help clarify the names of data fields?
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5

Topic 13C
Describe Considerations for Delivering 
Reports and Dashboards

EXAM OBJECTIVES COVERED
4.1 Given a scenario, translate business requirements to form a report.
4.3 Given a scenario, use appropriate methods for dashboard development.

When preparing a report or dashboard, you should understand how the data and 
visuals will be viewed or consumed, as this can affect your choice of software. You 
will also need to know how often the data will be delivered and how frequently 
people need updates to their reports. Reports that provide crucial data to an 
organization are commonly run on a recurring schedule.

Determining How Visuals Will Be Viewed
When building a report or dashboard, it’s important to identify how the visuals 
will be viewed. There are many options for displaying reports and dashboards, 
including the following methods:

•	 Viewed via a web interface, like a website, or through an internal intranet site

•	 Converted to other software, such as presentation software like PowerPoint 
or Prezi

•	 Converted to a file format, such as a PDF

•	 Printed on paper

Determining the appropriate format for viewing reports and dashboards is an 
important consideration related to business requirements, because you will need to 
not only build the report or dashboard, but also export it to the proper format. For 
example, a visual may need to be included in an annual report or quarterly update 
that is drafted in Microsoft Word and then exported to a PDF.

If your report or dashboard is to be made available to a web interface, either the 
corporate intranet or the organization’s public-facing website, it is important to 
gather the additional requirements needed. For example, you should know who is 
responsible for making the report or dashboard available on the company’s website 
and what specifically they need from you, as the data analyst, to complete the task. 
It may require you to use a different software or gain additional permissions.

Most dashboard and reporting tools, such as Power BI, Crystal Reports, and others, 
can print and/or export to various formats. For example, when you publish a 
dashboard in Power BI, it immediately enables you to export to PowerPoint or 
PDF format. You should perform a test run of these exports as you refine your 
dashboard or report to ensure that the visuals translate as expected and are in a 
helpful format for people reviewing the information. 
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Published Power BI File in Online Power BI Workspace with Export Commands 
(Used with permission from Microsoft.)

Power BI in our example allows you to publish to a web interface called My Workspace, 
and even to others if you have permissions. This allows you to have both a web version 
of your dashboard and also the available export commands to PowerPoint and PDF.

Determining How Data Will Be Delivered
In a business setting, data is delivered in a number of ways.

•	 A report, dashboard, or visual is presented in a meeting.

•	 Information is delivered as a part of a data section on the company website.

•	 Data is shared in the “report sharing” option of software applications like Power 
BI or Tableau, which have different environments companies can leverage to 
share reports across an organization.

•	 Data can be printed as a paper report and given at a monthly meeting so that 
consumers like managers, C-level executives, or technical experts can review and 
mark up information for their needs.

•	 Data can be subscribed to through the subscription options made available in a 
software.

The available options for delivering data to your audience depend on the tools 
and software used when developing your reports and dashboards. Many popular 
visualization tools allow you to build interactive reports through web-based 
environments. With these tools, consumers will often subscribe to the reports that 
they want, and can receive updates based on times they define. As an example, 
Salesforce, a popular CRM tool, has its own internal report builder and dashboard 
options. These features allow for interactive experiences directly inside the software 
environment. You can easily subscribe to any report that is available to you when 
you have access to the Salesforce Reports.

Some reports should be delivered on a set schedule (e.g., daily or weekly) as 
defined by business requirements. For example, a weekly reportmight be delivered 
as an Excel or PDF file via email. This type of delivery is a form of static information 
that people can access according to their schedule. Most enterprise report and 
dashboard software programs offer some form of scheduled delivery service.
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The consideration of whether your data is a continuous/live feed or static data might 
drive some of your decisions for how that data will be delivered to users in your 
organization. If the data is only updated once a week by a data analyst who simply 
needs to refresh it, then the overhead of creating a subscription service or interactive 
dashboard experience might be a waste. However, if the data is live, active, and always 
up-to-date, then delivering it routinely or through a dashboard might be more effective 
for the audience than waiting each week to receive an update.

You must determine the delivery method(s) that will be used for your developed reports 
up front. The method needed can impact what tools you use, so you will definitely want 
to identify it as part of the requirements. 

Frequency of Reporting
A key part of developing business requirements for data and reporting is 
determining how often reports should be updated and how often they should be 
sent. For example, some businesses send month-end reporting two days after 
the end of the month to ensure that all data for that month is represented. If you 
are developing a reporting schedule, be sure to consider the desired timing. For 
instance, if you want to send out reports as soon as new data is loaded, then write a 
reporting schedule according to that timing.

Even if it’s difficult to control the timing of when data is updated, it is important for 
the audience to understand that their data is up-to-date as of a certain time, so that 
there is no misunderstanding about what data is contained within the reports. As 
we will cover in a later lesson, you can use the system functions to provide the print 
date and refresh date of your report or visualization: these would be considered 
key elements. To ensure that everyone in the distribution list knows what to expect, 
the analyst should document requirements that explain the frequency of reporting 
and also how often the data is updated.

Recurring Reports
Just like how many work teams have regular meetings that occur weekly, monthly, 
or even annually, reports can also be created on a schedule. A report that is set 
to repeatedly run on certain dates or at specific times is a recurring report. This 
schedule will include the following:

•	 The report to be sent

•	 The output of the report

•	 Who will receive the report

Reports that provide crucial information to the organization are likely to be run 
on a recurring basis. Recurring reports are delivered in different ways based 
on organizational policy and audience preferences. If you are reporting to key 
executives, for example, you may deliver the report in a print or PDF format (the 
process for which can also be recurring and sometimes automated).

You may find in the company policy that there are set procedures for exactly where 
reports can and cannot be stored. As organizations strive for efficiency, they may 
publish reports on web-based platforms and offer scheduled refreshes so that 
consumers can have updated data regularly. They may leverage shared drives, in 
platforms like SharePoint, so that users can access the information from multiple 
devices whenever it is needed. Along with the institution of these platforms comes 
IT and security policies intended to protect the information while still allowing the 
users to securely access data when needed.
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6

Review Activity:
Considerations for Delivering  
Reports and Dashboards

Answer the following questions:

1.	 What key point must be considered when preparing to create the visuals 
of a report or dashboard?

2.	 What are two methods we might use to publish Power BI reports?

3.	 What limits the delivery options of a report or dashboard?

4.	 When planning the delivery of a report, we must consider how the 
dashboard will be delivered, and what else?

5.	 Recurring reports can be delivered in multiple ways depending on the 
organization’s policies. What are a few ways these reports are delivered?
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6

Topic 13D
Develop Reports or Dashboards

EXAM OBJECTIVES COVERED
4.1 Given a scenario, translate business requirements to form a report.
4.3 Given a scenario, use appropriate methods for dashboard development.

There are three main reporting types that you will work with as an analyst: 
dashboards, paginated reports, and spreadsheets. Each of these styles requires 
a slightly different approach during the design process. In this lesson, you will 
learn about these three main reporting types and how to approach design using 
mockup and wireframing. You will also discover the different types of visuals and 
suggestions for navigation.

Visualization Layouts
Data analysts work with three main types of reporting: dashboards, paginated 
reports, and spreadsheets. 

Dashboards

A dashboard is an interactive, visual display of information. Dashboards are built 
for screen viewing and can be designed for mobile devices, tablets, and monitors of 
all sizes. Dashboards should be designed with visuals that make sense when viewed 
together on the screen. These visuals are meant to give high-level insight about 
the data and can then be used to further investigate information. The screenshot 
that follows shows a popular free sample of a data dashboard in Power BI. You can 
download any of their samples from the Examples option in the Help tab. 

Screenshot of Sample HR Dashboard in Power BI (Used with permission from Microsoft.)
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Dashboards can be designed for a specific process or department. They can be 
very impactful to an organization as they can not only present information, but also 
provide an ability to interact with the data through visuals, filters, and slicers.

Paginated Reports

A paginated report is a multipage report that is not suitable for display on a 
dashboard. Anytime you need more than a single page of information, tools like 
Power BI Report Builder or Crystal Reports can be helpful in building paginated 
reports. These are reports that have lines of information and carry over pages, like 
in our example below where we have seven pages of student roster information.

Screenshot of Student Rosters in Crystal Report over Multiple Pages (Copyright © 2021 SAP SE  
or an SAP affiliate company. All rights reserved.)

Spreadsheets

A spreadsheet is a worksheet of data in tabular form. Spreadsheets are an ideal 
tool for people in your organization who need to export and work with data as 
part of their roles. As an analyst, you can provide insight on how to take data from 
a dashboard and export it to a spreadsheet. This gives a person the flexibility to 
work with the data, such as by creating pivot tables and various other reports. 
Spreadsheets are often helpful when data and reports are needed for a specific job 
task or scenario, but they are limiting when used for organizational reporting.
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Screenshot of Export Data from Power BI HR Sample Dashboard  
(Used with permission from Microsoft.)

In this image, we actually generated the .csv file from the dashboard to produce 
the spreadsheet. Whether the spreadsheet comes from a visual or not, as a data 
analyst you will find many spreadsheets are being used for everyday reporting.

Mockup and Wireframing for Design
It is never too early in the design process to create a mockup or wireframe. Mockup 
simply means to draw out a potential layout. This can happen on a piece of paper 
or inside a software, like Snagit, where you can draw different screens and add 
objects. Wireframing is creating mockups of multiple screens that are likely 
connected. You can do this with paper and pen, or you can use tools like Figma that 
allow you to draw the screens and add interactions.

These processes are commonly used in user experience (UX) design and user 
interface (UI) design. The purpose is twofold, in that you are forced to consider how 
the business user will be able to interact with the information and the data story 
overall.

One of the benefits of mockups and wireframing is that they provide valuable 
information about the potential user experience of the reporting package to be 
delivered. They help people understand how the data may look, allowing them to 
provide you with feedback and better information on what they may want to see in 
the visuals and reports. This process also aids in building proper navigation across 
multiple dashboards. Mockups and wireframing may feel like a lot of up-front work 
at the beginning of any project, but it will be a massive time saver in the long run.
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Types of Visuals
Many different types of visuals can be used to display data and express the 
underlying table. As an analyst, you will want to work with your decision makers to 
define what they need from the data sets and determine the best visuals to display 
the outcomes for the report or dashboard.

Just because you can create a type of visual from data doesn’t make it the correct visual 
for that report or dashboard. When you begin the design process, it is important to 
discuss various ways that data can be displayed and to understand how people want to 
see the information laid out visually.

Several iterations of design typically will occur in a data project to visualize data. It’s 
good to know what types of visuals commonly make it onto dashboards.

•	 Table—Displays columns and rows of information, and may also include 
aggregate information. A table is great for information that simply needs to be 
subtotaled, or for the purpose of showing the potential values of any dimension 
in a list format.

•	 Matrix—This display is common in data analytics and can also be referred to 
as a pivot or cross tab format. A matrix shows values at the cross section of 
a row and column. This display is great for showing multiple dimensions and 
aggregated values.

•	 Graphical visuals (pies, bars, stacked)—Varied graphs and charts are used to 
visualize, break down, and otherwise summarize data, and are very common in 
dashboards. 

•	 Cards—Typically used for totals or aggregated values. Cards are an easy way to 
display critical values on the dashboard in just a text-based form, without the 
visual aspect of a graph or chart.

Screenshot Mockup of Table, Matrix, Graphics, and Cards in Power BI  
(Used with permission from Microsoft.)
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In this screenshot, we have a matrix that gives us product values from our 
AdventureWorks sample data. We also have standard visuals, like stacked column 
and pie charts, and then cards. These cards provide just the high-level totals for the 
information we have specified.

Types of Dashboard Navigation
Dashboards should make the proper navigation tools available for users. For 
example, users may need to navigate between dashboards, or they may need to 
refresh or even reset a dashboard.

Navigating to Other Dashboards

When providing a series of dashboards, it’s important that consumers have an 
easy way to navigate from one dashboard to another. Each software handles this 
navigation differently. When developing business requirements, you might want to 
determine what dashboards make sense to share together, so the consumer can 
explore them without having to think about where to access them. This is where the 
roles of the data analyst and UX designer merge. You must always think about how 
the consumer will be using the dashboard in order to make it as simple as possible 
for them to get to the information they need without having to do a lot of digging 
and searching.

Dashboard in Power BI with Bookmarks for Navigation and Filter Resets  
(Used with permission from Microsoft.)

Power BI allows you to establish bookmarks to clear your filters and navigate to 
other areas of the dashboard. You will see on the screenshot the option to navigate 
to view all sales, which will navigate the users to the interactive “all bike sales” page 
in the dashboard.
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Refreshing Data

You can build your dashboard to automatically refresh. This is a great method when 
you have real-time access to data. In addition, you might provide a visible button 
that allows consumers who are on the dashboard to refresh on demand. 

Resetting Filters

If you look at our earlier screenshot from Power BI, you should notice there is also 
an option to reset. In the software, you can use filters and create bookmarks that 
allow the user to select the bookmark button and apply the filter. This reset button 
allows them to then reset any filter that has been applied.
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7

Review Activity:
Develop Reports or Dashboards

Answer the following questions:

1.	 What are the three main types of reporting?

2.	 What visual is also known as a pivot or cross tab format?

3.	 What is defined as creating mockups of multiple screens that are likely 
connected?

4.	 When should a report be set to automatically refresh?
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5

Topic 13E
Understand Ways to Sort  
and Filter Data

EXAM OBJECTIVES COVERED
4.1 Given a scenario, translate business requirements to form a report.
4.3 Given a scenario, use appropriate methods for dashboard development.

As you have discovered, when working with databases and tables of information, 
every single field is captured, whether or not all the data is needed for reporting. 
Most reports or dashboards are filtered in some way to restrict access to just the 
needed fields, allowing users to interact with the dashboard and select only the 
filters they need at that time. As a natural part of data analyst work, you will deal 
with data that needs to be sorted using various sort commands and methods.

When developing business requirements, you must consider what types of data 
might be filtered and what sorts might be applicable up front. You’ll need to 
determine where it makes sense to use hard-coded filters, interactive filters, and 
visuals as filters, and what the appropriate sorts are.

Another common way of filtering data is by date. Businesses often rely on dates 
in reports when making decisions, so the ability to filter by date range is key. The 
analyst may also need to create date tables to link data with dates. Be sure to ask 
what dates are applicable for the reporting project, so you can figure out how to 
sort them for the best user experience.

Sorting Data
Sorting data is a technique that is commonly deployed by the data analyst. Data is 
typically in natural order, meaning the order in which the data is entered. This is 
often not effective for the displays of the report. The most common sort method 
is ascending and descending order, meaning A–Z or Z–A for text-based fields. 
For numerical data, ascending is the minimum number sorted to the top and 
the maximum number at the bottom, with descending order being the reverse 
of that. While this is the most common method, you will also encounter more 
advanced sorting methods.

Advanced Sorting Methods

Multi-sorting is a method of sorting where you sort within a sort. Imagine that 
you are reviewing the phone list. It has each last name sorted, then within the last 
name it sorts the first name. This helps to display all the last names, as example 
Smith together, and then sorts the first names A to Z. Not all data is appropriate for 
multiple sorting, but when you have groups of data you can easily sort them using 
the multi-sort options that are available in all data tools.

Top N and Bottom N sorts sort the data to display the top or bottom portions of 
data in a set based on how many values exist in the set and the number you specify 
as the portion, or N. For example, if you want to view the top 25 most-ordered 
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products, you would use the function built into the data software to create the Top 
N sort, which will filter your data to the specified top 25 values.

Custom sorts are where you create the data set to include the value and the sort 
order you need for your visualization. This is great for nominal data that does 
not have a sort, but you need to create one. A great example is education from 
high school, some college, bachelor’s degree, and graduate degrees. If you sort 
this data by the first letter of the education, then it would be “out of order” from 
how you obtain the education. Traditionally you’d attend high school first before 
any other type of education. You can easily create the category list and apply the 
appropriate sort order. Then you would use that table to sort the information into 
your data model.

There are also available sort functions, like Rank and Order. These functions are 
sort related, but they both supply different information to the set, and then you 
could sort by them if needed.

In our image below, we see the numbers in column A are in natural order and we 
have used the RANK function in Excel, and the order is 0 because we want the 
largest number to be ranked the highest for this example. 

Rank Function in Microsoft Excel (Used with permission from Microsoft.)

In our example, you see that of the five available numbers the number 9 which is 
the highest value is also ranked as number 1. Number 4 which is our lowest value is 
ranked number 5.

As a data analyst there are benefits to leveraging the various sorts for the data 
you are presenting. Carefully consider what sort you need and be sure to note this 
information so that others will know what types of sort method has been supplied. 
Remember that Top N sorts also filter so you will want to be sure that you don’t 
exclude data when you need the entire set.
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Filter Methods for Visuals
As part of developing the business requirements for data, it is important to 
determine where filters will occur and if these filters are hard coded or interactive.

Applying Hard-Coded Filters on Visuals

Hard-coded filters are coded into the view or the visual. The filters are automatically 
applied to the visual; the user does not adjust them. Most visualization software 
programs have filters that can hard code a visual, page, or the entire report by 
whatever field and condition you specify. The following screenshot shows page filters 
in Power BI.

Power BI Visual Filters and Page Filters (Used with permission from Microsoft.)

In our image, you will note that the Classic Vest S card is set with a product name 
filter on the visual to ensure that it stays as Classic Vest S and only shows that total. 
Note that there are also page filters that apply to the entire dashboard so it only 
shows these specific products, and all other products are excluded.

Hard-coded filters can be useful in many business scenarios. For example, you 
could hard code a manager’s report so that it only shows the employees listed 
as being under that manager’s supervision. You might create a hard-coded page 
filter so that all the visuals on that dashboard are automatically filtered by that 
manager. In another example, you might use a hard-coded filter that does not show 
null or blank values in the report. A variety of hard-coded filters can be applied to 
meet reporting and business needs within your organization.
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Visual Filter that Does Not Show Blanks Using Power BI Sample HR Report 
(Used with permission from Microsoft.)

In this example, the visual is hard coded with a filter to not show any blank or null 
values. We do this by selecting that visual and checking only the items we want.

Applying Interactive Filters to Visuals 

Interactive filters are filters that allow the consumer to adjust a slicer or filter 
option on a dashboard to narrow down the data they want to see. As an example of 
when interactive filters can be useful in business, consider a sales organization that 
has multiple products, and each salesperson has access to view the sales of every 
product. The company wants the salespeople to be able to choose the products 
that they are interested in viewing. Each salesperson at the company needs to be 
able to see different products, either one at a time or many at one time, so they 
can investigate issues or highlight key information about that product. In this 
case, a slicer or filter option would allow the salesperson to filter the data to their 
specifications. 
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Slicer in Power BI Set to Only Show Product Names (Used with permission from Microsoft.)

In our dashboard here, we have added a slicer that will allow us to select the items 
we want to review, and it will automatically filter all visuals on the dashboard.

Visuals That Filter Other Visuals

In the world of dashboarding, visuals can also serve as filters. This means that 
when a consumer clicks on any column or bar, all the data is filtered based on that 
selection. This type of filter can be especially meaningful when people are seeking 
information for actionable insights. For example, in a Classic Vest research study, 
suppose you want to see how both small and medium Classic Vest products are 
performing. Having a visual filter, like a matrix, will allow us to select and see that 
specific data.

Survey in Power BI by Selecting the Two Products of the Matrix Classic Vest, M and Classic Vest, S 
(Used with permission from Microsoft.)
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In our sample, we selected the Classic Vest, M and Classic Vest, S. The impact to 
the dashboard is that the parts not applicable to those selections have a different 
opacity than the parts of the dashboard that are impacted. Looking at the 
highlights, you can see the parts of the stack and pieces of the pie that represent 
these products.

Depending on the tool used, some visuals on the dashboard are automatically meant to 
serve as filters by default, whereas in other tools, the filters have to be manually set for 
a dashboard item/visual. Each software, like Power BI or Tableau, handles this feature 
differently.

Filtering by Date Ranges
In almost any organization across all industries, dates are one of the most common 
fields used as a filter for data. Businesses often like to analyze and organize data 
by time. For example, an organization might want to run a daily report that shows 
what occurred each day. To do so, a filter can be applied that only shows that day in 
time.

Methods for Filtering by Date Range

A company also might want to filter data by a period of time, such as weekly, 
monthly, or annually. This is done through the use of a date filter, which filters a 
data field by a starting and ending point. The most common statement used for this 
filter would be a BETWEEN AND statement that would allow you to look at a data 
field between a start date and an end date. This statement can also be written as 
greater than or equal to a start date, and less than or equal to an end date.

Date Filters in Microsoft Power BI (Used with permission from Microsoft.)

In this image, we can see a date range option that filters all the data on the 
dashboard when the specified date is set to the range inside the slicer. This allows 
the user to interact not only by the other slicer, but also to specify particular dates.
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When writing the proper business requirements for any reporting project, you 
will want to identify which fields are needed for filtering, so you can identify which 
dates may be needed for any given report. For example, when reporting on the 
onboarding of new employees, we might want to look at their actual hire date, 
which may differ from their start date. We should identify up front which dates are 
needed for the report.

Most reporting tools will have some form of date hierarchy and syntax that allow 
you to filter by date.

Date Hierarchy in Microsoft Power BI (Used with permission from Microsoft.)

Power BI will recognize any date field, applying a date hierarchy that allows you 
to see that date represented by month, quarter, and year without having to write 
functions to create this information for your report.

Date Tables

Data analysts often implement a date table when the data only represents the date 
in which an event or transaction occurred, and not all the dates within a specified 
period. For example, there are 365 days in the calendar year, but a company won’t 
have sales on literally every day. If you want to see how the organization performed 
on all days of the year, you’d first need a data set that contained all the days of the 
year, and then you could establish a report that would show each day of the year 
and whether or not there were sales on that day.

When important dates are not included in the data, the analyst will establish a date 
table. Methods of creating the date table include using a script that creates dates in 
Power BI or creating an Excel spreadsheet with all the dates listed in each row that 
are being imported into the visualization of the data. A data table may contain more 
than just the dates, including variations of the date.
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Imagine that we want to see what business day in the year holds the most sales. 
We need to have access to data that has every day of the year over multiple years, 
and we would want to see the day of the week. We can then combine that date data 
with the transactions, leveraging a join on the date fields. This data combined will 
let us know on which days, like Tuesday, the company sees the most of any given 
transaction. For example, is there a higher sales volume on any one day of the week 
versus any other day? In order to see this type of information, we must know every 
day, and every day a sale came in, plus what day of the week it came in.

Date Table in Microsoft Excel (Used with permission from Microsoft.)

In this sample, we have all the relevant date fields we need, with additional 
calculations for DayOfWeek, WeekDayName, MonthNum, and MonthName. To 
create a date table in Excel, start by adding the first date you need and extend to 
the last date needed. Include all the date variations you may need or want for your 
table.
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6

Review Activity:
Ways to Sort and Filter Data

Answer the following questions:

1.	 Which type of filter does not allow the user to adjust it?

2.	 Which type of filter does give the user the ability to adjust it?

3.	 What else can serve as a filter?

4.	 What filter would be a consideration for payroll data that is done on a 
monthly basis?

5.	 What type of table is typically used with the payroll data when working 
with a report that uses a date filter?

6.	 When data is not yet sorted, what is the order of the data?

7.	 What are two sort methods you can apply to your data sets?

8.	 What type of sort will also filter data?
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Lesson 13
Summary

After this lesson, you should have gained an understanding of the types of business 
requirements you must gather for any of your data projects and visualizations. 
You should consider the consumer/audience and the types of data reporting 
they may need, the source of and access to data, and how the report will be 
viewed and delivered. You have discovered the types of visuals that you may find 
on a dashboard and should have a basic understanding of the design process, 
using tools to create mockups and wireframing to help design your reporting 
projects. You should know what types of filters can be used and have a good 
understanding of the different sort types that are available. You should have also 
discovered that every decision, data set, and source should be documented, from 
the field description to listing relevant information on tabs in yourreports.

Guidelines in Expressing Business Requirements for Reporting

Consider these best practices and guidelines when familiarizing yourself with the 
necessary considerations when translating information into business requirements.

1.	 Before you do anything, remember to always document critical information 
for both yourself and others. 

2.	 Identify your audience and the types of data they will need access to, so you 
can adjust how the report will be presented. 

3.	 Determining the source of the data helps you identify whether additional 
access to data is needed for visualizations and reporting. 

4.	 If additional permissions are required, seek out and follow the approval 
processes and policies at your organization. 

5.	 When field names are likely to be unclear to users, or even possibly 
misleading, providing field definitions can help clarify what information these 
fields contain. 

6.	 Recall that there are different ways the visuals will be viewed—such as via a 
web interface, as a file format, in other software, or on paper—and the type of 
display matters because it affects how you export your data.

7.	 The way the report is delivered—such as in a meeting, through “report 
sharing” in software, printed, or through a subscription—must be identified up 
front, since it can affect what software you should use.

8.	 The type of data you’re working with, and the delivery method, will affect how 
frequently reports should be updated and how often they should be sent to 
the audience.

9.	 Recurring reports regularly occur on a schedule and are delivered in different 
ways based on organizational policy and audience preferences.
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10.	 Mockups and wireframing can help your audience see what to expect before 
you publish a report, which can lead to feedback that could change your 
direction.

11.	 Ask up front what types of filters and sorts are preferred for dashboards; 
some companies may want to provide interactive filters so the audience can 
choose what they want to see, while in other instances hard-coded filters 
are best. 

Practice Questions: Additional practice questions are available on the CompTIA 
Learning Center.
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Lesson 14
Designing Components for  
Reports and Dashboards

LESSON INTRODUCTION
When developing reports and dashboards as a data analyst, you must consider 
not only how to make the data meaningful for what you are reporting on for the 
organization, but also in accordance with the organization’s style. Your audience 
will desire a great user experience, so reports and dashboards must be designed 
with this in mind. Using proper colors, knowing the needs of your audience, and 
following the company style guide are all important parts of the process. Everything 
must be considered right down to the font style and size used for the data. You also 
mustn’t forget to include key elements, like the refresh date, and the narrative and 
key talking points, so you can be sure your report conveys what the data is truly 
saying. You should also provide answers for the questions your audience may have 
and include critical supporting information that not only helps them, but also helps 
you move on to the next task at hand.

Lesson Objectives
In this lesson, you will do the following:

•	 Design elements for reports/dashboards.

•	 Utilize standard elements.

•	 Create a narrative and other written elements.

•	 Understand deployment considerations.
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Topic 14A
Choose Design Elements for  
Reports/Dashboards

EXAM OBJECTIVES COVERED
4.2 Given a scenario, use appropriate design components for reports and dashboards.

When designing reports and/or dashboards, you must consider the organization 
and the consumers at all times. You should seek guidance for how to follow your 
organization’s brand strategy and remain true to the organizational brand when 
making design decisions. Effective design components in reporting involve the use 
of appropriate colors, fonts, and layouts to provide the best user experience.

Branding Guidelines
The age and size of the organization you support will influence the overall branding 
guidelines of the organization. When a company adopts a brand identity, they will 
want that brand reflected in all the artifacts that represent the company. Data 
analysts often create reports or visualizations that will go into other presentations 
and documents, or onto websites. Some companies establish branding procedures 
and style guides. As a data analyst, you should always ask if these resources exist.  

Style guides commonly contain different variations of an organization’s logo and 
guidelines for how it can be used. They may include recommendations of logo 
placement, and provide different logo styles or placements dependent of the type 
of medium you are working with. Printed pages, presentations, and websites might 
all have different logo placements that are acceptable.

When a report is intended for different consumer types, the company may have 
additional guidelines for serving different consumers. For example, a specific 
PowerPoint design template may be required for C-level executives. Guidelines 
for public-facing reports that are delivered to customers or the general public may 
include requirements about what types of disclaimers are to be placed and where.

If your organization has a marketing department, that’s a good first resource for 
learning about branding guidelines, so you can ensure your reports reflect the 
brand.

When no organization style guide exists, many designers and developers use APA 
guidelines for business. 
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Appropriate Color Schemes
A style guide that tells you exactly what colors you can and can’t use makes it easier 
to make design and color choices for a report or dashboard. However, if a style 
guide for color doesn’t exist, you must decide on an appropriate color scheme 
for the audience who will consume the information. Here are some important 
considerations related to color:

•	 Rather than choosing random colors, select specific colors with the user 
experience in mind.

•	 Avoid distracting color schemes (e.g., the use of too many different colors) that 
detract from the information presented.

•	 Use a consistent color scheme throughout the dashboarding experience so 
that users don’t have to acclimate to new colors as they move through different 
dashboards.

Some software programs, like Tableau, recommend themes that have been designed 
using high-contrast colors to ensure accessibility for colorblind readers. If not using a 
default theme, it may be worthwhile to test your visual for accessibility with a tool like 
“ColorBlindly” or another similar tool.

Customizing Colors

The colors for most visuals are customizable. It is important to remember that 
visuals will sort to different values by default, and that this will shift the colors 
to different categories. For example, if you start with Mountain - 200 Silver, 46 
as a blue color, you will want to ensure that same blue is used for that product 
throughout the dashboard, regardless of the default options of the visual. You can 
do this by adjusting the colors manually where required.

Visual Color Editing in Microsoft Power BI Desktop (Used with permission from Microsoft.)

We would use the format options in the Power BI format menu for data colors to 
edit the colors of the visual on the right to match the color of each product in the 
visual on the left. Although this visual will ultimately be placed on another page in 
the file, it’s important to ensure consistent use of color throughout the report.
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Default Color Schemes

Most software products have a default color scheme applied. Consider discussing 
several of those palettes with decision makers in your organization—like the 
marketing team, other data workers in your department, or the leadership that is 
responsible for the work you are doing—to determine what is most suitable for the 
brand. When there is no policy or style guide to follow, it’s important to determine 
when you should use certain default color schemes, and which palettes should 
never be used.

Color Schemes in Microsoft Power BI (Used with permission from Microsoft.)

In Microsoft Excel, the built-in themes are on the Page Layout tab of the ribbon.

When a style guide exists, you may want to create a theme or template that 
incorporates the colors you need by default. This step is a massive time-saver, 
requiring you to only tweak color as needed in the future. For example, in Microsoft 
Excel, you can create several variations of chart templates and select to use those 
templates by default, or you can apply an existing template to any chart you create. 

The following screenshots show ways to customize themes and their colors using 
Microsoft Power BI.
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Customize Theme in Microsoft Power BI (Used with permission from Microsoft.)

You can customize almost every object in an existing theme, or create an entirely 
new theme to meet the standards and requirements for your organization.

Custom Color Selection in Microsoft Power BI Customize Theme  
(Used with permission from Microsoft.)

When a style guide requires specific colors, you should never be approximating 
which color matches the requirement. Use the hexadecimal code or the RGB values 
to ensure the exact color is selected. The hexadecimal code and RGB values are 
a mathematical way to ensure color accuracy versus using your eyes on various 
screens. Style guides will often provide you these values.
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Appropriate Fonts and Layout
It is important to use the appropriate fonts, font sizes, and layouts when creating a 
report or dashboard. Let’s go through some key considerations.

Font and Layout Considerations

When selecting a font, one of the first steps is to consider the delivery format 
of the dashboard or report. If a report or dashboard is simply printed on a 
local printer, then your choice of a font is less challenging and involves fewer 
considerations. However, if you are sending a report to a production-level printer 
for mass printing on a high-quality scale, then you may have to send fonts to the 
printshop in advance. For reports and dashboards presented on the web, the 
browser will translate font choices, which has implications for people viewing the 
report onscreen. You can’t control the output of the report on every machine, so it’s 
important to keep in mind how certain fonts might be displayed depending on the 
technology or device being used.

When designing a dashboard that includes text information, think carefully through 
the layout. Will the dashboard be delivered in a mobile format, meaning it will be 
read on a phone or tablet? Or will it be displayed on a basic desktop PC or Mac 
screen? Readability is key, so whatever fonts you decide to use should be versatile 
for both print and web. 

It is important to identify how much space your audience will have from left to 
right and top to bottom at the very beginning of any project, as this will affect 
your layout. An iPhone screen is significantly smaller than a laptop screen, so a 
dashboard that will only be available on a mobile device would require a different 
layout than a report viewed on the web interface of a computer.

When working on any project, data related or otherwise, it is important to follow ADA 
compliance standards that ensure information can be viewed, read, and interpreted by a 
more diverse audience. Different software exists to read and interpret the items on a screen, 
so be sure to consider your audience and know how various software translates reports 
and dashboards for people with visual and hearing impairments. There are several tools 
that can be leveraged to determine if your project meets compliance standards. For more 
information on ADA compliance, visit https://www.ada.gov/index.html.

Serif vs. Sans Serif Fonts

Serif and sans serif are the two basic types of fonts. In a serif font, the letter edges 
have lines that make the font more readable when there are paragraphs of text 
at smaller font sizes, such as the written narrative of a report. Sans serif fonts do 
not have these lines and can be useful for headings, labels, and other elements 
surrounding visuals.

Comparison of a Serif Font and Sans Serif Font
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This visual shows a side-by-side comparison of a serif font (Times New Roman) and 
sans serif font (Ariel) at the same point size. The serif font has little lines on the 
edges of the letter, whereas the sans serif font does not. It’s important to note that 
two different fonts may not appear to be the same physical size, even if set in the 
same point size, as every font presents differently.

Customizing Fonts

By customizing a theme, you can apply a desired font throughout your report or 
dashboard to save time. As shown in the next screenshot, in Microsoft Power BI, 
you can change the default font of a theme to a customized font family, font size, 
and font color.

Customize Theme for Fonts in Microsoft Power BI (Used with permission from Microsoft.) 

Naming Conventions
As data analysts, we will see a lot of different naming conventions when working 
with data. We will see what a field is technically named in the database, and 
we can use various methods to make sure that the name the audience will see 
is meaningful. You will want to carefully label elements to convey what they 
mean in regard to the data, not just what the database architect happened to 
name them.

Captioning Fields

As discussed previously, the database or data set is designed with certain field 
names. These field names may not always make sense to people without knowledge 
of the database design. Captioning allows you to designate more meaningful names 
for fields in a report or dashboard. For example, if a field in a data set is named 
“FirstN” for First Name, you could use captioning to display the field as “First Name.” 
Captioning does not change the underlying field name in the database or data set, 
but instead displays a custom name that clarifies the information being presented. 
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A few different methods are available for changing captions:

•	 If you change the caption in the query that provides data to the visual, then 
every object that you build using that query will already have the appropriate 
caption.

•	 If you change the caption in the transformation step of Power Query, then all the 
visuals that use that query will have the appropriate caption.

•	 If you build the caption into a visual, then only that visual will have that caption. 
In this case, every time you use that field for a new visual, you will need to 
caption it again. 

In our sample below, we see “Sum of LITOTALALLSALES” as the label of this field of 
information. This name is created automatically by Power BI when we sum the field 
named LITOTALALLSALES. This is a prime example of something you will want to 
address as a data analyst.

Power BI Showing Automated Label (Used with permission from Microsoft)

You can make this adjustment in several different places depending on the software 
you are using and how much access you have to the backend source. In our next 
screenshot, let’s look at a more appropriate label.
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Power BI Caption Adjusted to Show More Meaningful Information (Used with permission  
from Microsoft)

Because this value represents the total amount sold ofthat product, it makes sense 
to caption it as what it is (Sum of Amount Sold) rather than leave the label that was 
automatically generated. We could have made it say “Total Amount Sold” as well—
what we decide just depends on the preference of the people who request the 
reports.

Visual and Page Titles

When developing visuals and other elements of a report or dashboard, the software 
will often create default titles based on the fields built into the object (e.g., matrix 
or column chart). Because these default titles are rarely meaningful outside of 
designing visuals, it’s important to change them so that they present intentional 
information to consumers.

Check the title of the visual to ensure that it is appropriate and update as needed. 
As an example, consider a visual depicting the top five products sold. If the visual is 
built using data from a full product list, then a default title based on the fields used, 
such as “Products and Total Sold,” would be inaccurate. The title of the visual can be 
appropriately updated as “Top 5 Products by Total Sold” to accurately describe what 
is presented, as shown in the next screenshot.
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Top 5 Products Visual in Microsoft Power BI (Used with permission from Microsoft.)

Pages within a dashboard product should also be titled meaningfully. The default 
“Page 1” doesn’t describe what viewers see on the page. For example, in the next 
screenshot we could more appropriately title the page “Products” since this is a 
visual showing total products sold. When you publish visuals, the titles you’ve set 
will be displayed.

Changing Page Titles in Microsoft Power BI (Used with permission from Microsoft)

You can create meaningful and descriptive page titles for your dashboard pages 
by changing the name of the tab (like what you see highlighted in the screenshot 
above).
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Labels and Legends

Legends and labels help consumers easily distinguish what they are viewing 
and understand the visual faster. People immediately seek these elements 
when viewing a visual to understand the purpose of the visual and interpret the 
information presented. The following screenshot shows a visual with and without 
labels. As you can plainly see, adding labels to visuals makes a major readability 
difference. 

Comparison of a Visual in Microsoft Power BI with and Without Labels (Used with Permission  
from Microsoft.)

Labels can be easily turned on and off in Microsoft Power BI. In the image without 
specific labels for the x-axis, users would have to hover over each column in a 
dashboard environment to know which specific product is being visualized. On the 
y-axis, when labels are added for the sum of amount sold, users immediately know 
the value for each product, without having to look back to the left or hover over 
each product.

A legend is a labeling element that lets you know which color represents which 
value in a visual. Legends can be turned on or off, and they can be formatted like 
any other object in a visual. They can be placed to the left, right, top, or bottom of 
a visual.

You do not need a legend for every visual that you create. When designing a 
visual, you will need to determine if the legend provides value, and if so, where 
it should be placed. For example, if you have visible labels associated with the 
bar, pie, or block, then you likely don’t need a legend. However, when working 
with stacked bars or stacked columns, the legend greatly aids in understanding 
without cluttering the visual with labels on every item, as shown in the following 
screenshot.
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Stacked Column Chart with Legend Displayed (Used with Permission from Microsoft)

In this stacked column chart, which represents product sales each month, 
implementing a legend is the most appropriate choice. Because of the size of the 
columns and the stack, trying to place product labels on the columns would clutter 
the visual. The legend explains the corresponding color for each product and 
presents the information in an easy-to-interpret format.
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3

Review Activity:
Design Elements for  
Reports/Dashboards

Answer the following questions:

1.	 Style guides typically contain variations of what dependent on the 
output?

2.	 What are some considerations when choosing appropriate colors?

3.	 What are the two basic types of fonts?

4.	 What three categories are typically offered for customizing fonts?

5.	 What does not change the underlying field name in the database or data 
set, but displays a custom name that clarifies the information being 
presented?

6.	 What should be considered regarding naming conventions when 
reporting?
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7

Topic 14B
Utilize Standard Elements  
for Reports/Dashboards

EXAM OBJECTIVES COVERED
4.2 Given a scenario, use appropriate design components for reports and dashboards.

As a data analyst, part of your role is to not only provide information through 
reports and dashboards, but also to provide critical information about the reports 
and dashboards. You will find that version numbers, refresh dates, and other 
special fields will help you provide this information by simply adding them to 
your work. Page numbers, file paths, and print dates are common and important 
standard elements to consider for every reporting or dashboard project.

Standard Information and Formatting Elements
Several standard elements provide important information and help users navigate 
through reports. Many of these components, such as references, are part of 
the expected report format and are best practices for communicating data in a 
business setting.

Version Numbers

Version numbers are recommended for reports that are a part of a documented 
process, or are in production but still in development. When there are multiple 
iterations of a report, version numbers serve as a valuable reference so that people 
can immediately identify whether they are looking at the correct version of a given 
report. Version numbers can be placed in the different sections of a report or on 
a certain portion of a screen. As a data analyst, the version number will also allow 
you to confirm that people are using the correct version of the report. It allows you 
to quickly check without having to look for the various changes that have occurred 
since the last version.

Changes that do happen between versions should be documented. For example, 
version 1.2 should have a “what’s in this version” list to detail all the changes that 
are new to this version. This not only provides critical updates, but also makes the 
update more meaningful, giving us the ability to see how much has changed over 
time from the original version. Notes on versioning can also help us identify items 
that might not be complete and slate them for later versions. For example, suppose 
you have been asked for a new field, but that field isn’t in the underlying data set. 
You can note that the field will be added in the next version (or whichever version it 
will potentially be in).

Elements of Paginated Reports

Page numbers are recommended for paginated reports to maintain order when 
they are printed and used in meetings. Paginated reports will have multiple sections 
that help users to better navigate and read the report.
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•	 The report header appears once at the top of the first page of a report. The 
report header can be used to title the report, and the version number can be 
placed on the top right.

•	 The page header is located at the top of each page of a report. This element is a 
good place to include field headings and information that needs to be on every 
page, such as a page number.

•	 The page footer appears at the bottom of each page of a report. The page footer is 
a typical location for references to the data, page numbers, and version numbers.

•	 The report footer appears at the end of the reported data. Sometimes it shows at 
the bottom of the page before the page footer. This section would not be appropriate 
for page numbers, since it only appears once when the report concludes.

Crystal Reports is a program that develops paginated reports, and it includes report 
sections in the Design and Preview tabs of the tool. You can very clearly distinguish 
the sections of the paginated report in the design view, as shown in this next 
screenshot. The details section will include the individual line items of the data that 
repeat over each page.

Design View in Crystal Reports Showing Report Sections (Copyright © 2021 SAP SE or an SAP 
affiliate company. All rights reserved.)

In this example of an employee pay report, the report header contains the title 
of the report, with the version number in the top right corner. The page header 
contains different field labels for the information contained in the report’s details 
section. It appears that the detail section and the page header are showing the 
same fields. However, when in the report view, the page header simply displays the 
field name label, while the details section will repeat to show the individual field 
data. The page footer contains a special field in Crystal Reports called “Page N of M.” 
This field will show the current page number of any given page viewed and also the 
total number of pages for the report.

Reference Data Sources

It is a recommended practice to include references to the data sources when 
designing any given report or dashboard. Including reference information in 
the report will also save you time and energy as an analyst. You might be asked 
for reference information if it isn’t readily displayed, and this will require you to 
investigate the design of the report to determine the source of the data.

Data references can be included as additional information in the report footer, as 
shown in this screenshot of Crystal Reports. You can also use special fields within 
your reporting program to point to the location of the file and the actual file name 
of the data source.
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Data Reference in Report Footer in Crystal Reports (Copyright © 2021 SAP SE or an SAP affiliate 
company. All rights reserved.)

Other Special Fields

Different programs (e.g., Crystal Reports, Excel) contain common special fields 
that will help maintain information about a report without requiring a lot of time 
or manual updates. The data analyst and business decision makers should decide 
what special fields to include in the report or dashboard. Just know that there is not 
a one-size-fits-all approach for every report or dashboard. Some common special 
fields might include the following:

•	 Page numbers

•	 File paths

•	 Time zones

•	 Location

•	 Specific date types

When you add special fields to your report design in Crystal Reports, these values 
will update automatically as you work with the report.

Examples of Special Fields in Crystal Reports (Copyright © 2021 SAP SE  
or an SAP affiliate company. All rights reserved.)
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This screenshot shows the special fields that are made available to data analysts 
who use Crystal Reports for paginated reports. You can include these in any section 
of the report where it makes sense; the most common locations are the report and 
page headers and footers.

Header and Footer in Excel Displaying Special Fields (Used with permission from Microsoft)

In Excel, if you want to include information in the header and footer of the printable 
page, you can use special fields to add text, page numbers, file names, and other 
fields without having to manually type these items on the pages.

Watermarks

A watermark marks information as required for any given report. It provides a 
high-level reminder about the information contained in a report. For example, 
“Confidential” or “Do Not Distribute” watermarks can be added to reports with 
confidential information that are not to be distributed. A “Not Final” watermark 
can be used to convey that the information is a draft and is not the final version. 
Watermarks can also be used as part of a brand design strategy for reports that are 
made available to the public for use. When the report is viewed or printed, it will 
contain the appropriate brand marks.
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Confidential Watermark in a PDF of the Report

Important Dates
There are two important dates that should be included with reports and 
dashboards: when a report is refreshed and when it is printed. The knowledge of 
when these actions occurred can provide value to the report audience.

The refresh date is the date and time that the data was last updated (if applicable). 
This date lets the audience know that they are only seeing data that was available 
up to that day and time, and not anything since then. The print date of the 
report tells us, as you might expect, when the report was printed. It’s important 
to remember that the refresh date and print date for a report are not always the 
same. For example, data might be refreshed on Friday before a meeting, but the 
report is printed on Monday. Including these two separate dates in the report lets 
the audience know that the data they are viewing is up to date as of Friday, but 
the printed format or PDF was distributed on Monday. Programs such as Crystal 
Reports provide several options and formats for dates and times. Dates can be built 
into the report design as special fields, as shown in the next screenshot.

Data Date and Print Date Shown in Page Footer in Crystal Reports  
(Copyright © 2021 SAP SE or an SAP affiliate company. All rights reserved.)
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The refresh date and print date special fields have been added as a page footer for 
this report. Varying programs will name their special fields slightly differently, so 
you should refer to the particular program in use’s help detail to confirm what the 
special field may mean if you are unsure.

Preview of the Employee Pay Report in Crystal Reports (Copyright © 2021 SAP SE or an SAP affiliate 
company. All rights reserved.)

The special fields included in our Employee Pay report automatically show the 
refresh date of the data (currently labeled as “data date” in our report), the print 
date, and page numbers in preview mode.
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8

Review Activity:
Standard Elements for  
Reports/Dashboards

Answer the following questions:

1.	 What element should you include when reports are a part of a 
documented process?

2.	 What is the difference between a report header and a page header?

3.	 What can be added to confidential reports which are not to be 
distributed?

4.	 What two dates are important to include in a report?
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5

Topic 14C
Create a Narrative and Other  
Written Elements

EXAM OBJECTIVES COVERED
4.2 Given a scenario, use appropriate design components for reports and dashboards.

Writing a narrative for a report or dashboard can provide valuable insights about 
what the audience will discover in the report. A narrative provides high-level details 
about the information contained in the report and can include a summary and key 
findings. The details, style, and elements of the narrative can change depending on 
the intended audience and how the data will be used. For example, a good deal of 
narrative is required for scientific studies that include data that will be published 
by an institution. The studies will include narrative elements such as an abstract, 
methods, reference citations, and other requirements for written information, 
outside of just the data outcomes. 

Narrative
In any data project, the basic narrative for a report typically includes a report cover 
page and a summary of the contents of the report or dashboard.

Cover Page with Executive Summary using Microsoft Word (Used with permission from Microsoft.)
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If you are printing your work, you will most certainly want to have a cover page that 
can provide the name of the presentation or document. In some cases, the name 
of the presentation for the cover page might be “Annual Report.” For our example, 
we are creating a “Testing Scores” document to present to the administration of our 
school, The Digital High School.

Key Findings

You will also find that when a narrative is included within the report, it will contain 
key findings that are meant to identify problems or areas in need of improvement, 
or highlight areas that are going positively. 

Summary and Key Finding Draft for Report Cover Page in Microsoft Word (Used with permission 
from Microsoft.)

For example, this summary highlights what we studied, providing a high-level detail 
of the studies performed. You also can see the key findings, with careful notes of 
what we did find and what is needed to further determine statistically significant 
results.

Talking Points

Talking points are another useful narrative element to include within a report, 
especially to assist in meetings and presentations. For example, if your supervisor 
will be presenting visuals of a report during a meeting, you could include key 
takeaways about the visual to provide talking points that will support the presenter 
in explaining the information to the audience.

DA0-001_Lesson14_pp273-308.indd   294 21/01/22   5:20 PM

LICENSED FOR USE ONLY BY: MUHAMAD SHAHRIZAL ARIS · 76712282 · DEC 27 2025



The Official CompTIA Data+ Student Guide (Exam DA0-001)  |  295

Lesson 14: Designing Components for Reports and Dashboards   |  Topic 14C

Visual Developed in Power BI and Microsoft Word with Talking Points (Used with  
permission from Microsoft.)

Imagine that a manager is tasked with presenting the information in this chart. 
Rather than trying to read the chart during the presentation, the talking points will 
provide the manager with some of the high-level findings to help keep them on 
track and direct the presentation.

Key Definitions and Calculations

When writing the narrative, you should also include key definitions and insight 
into calculations where necessary. For example, recall the earlier example in the 
course involving test scores for a cohort of students. In the report studying student 
performance, it was important to describe the cohort of students represented 
by the data, such as the fact that the students were in the eighth grade and in 
classrooms 105 and 106. When the audience reads this narrative information, they 
will know that the report data does not include all students in the school, but only 
eighth graders in these two specific classrooms. You could also consider making 
note of any calculations that were developed in addition to the data provided. For 
example, suppose we created a variable for study hours that returned a yes or no in 
our data set, so we always knew whether a student had those hours or not. In our 
narrative, we might address this calculation as follows:

“You will see a field called study hours. This field indicates the students were 
offered five extra study hours. Only students in classroom 105 were given an 
option of study hours. If they are in classroom 105, they are marked with a Yes 
for study hours, and if not in 105, study hours is set to No.”

Instructions for Using the Report/Dashboard
Providing instructions for how to use and interact with a dashboard is an 
area where you can set yourself apart from all other analysts. When we build 
dashboards, it is easy to forget that we know exactly how they work and exactly 
what to touch on the dashboard. People are uneasy when they move around on 
a computer and things change unexpectedly. When a user clicks on an item in a 
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dashboard, it might automatically filter other visuals based on what they selected. 
This is one of the key features of a dashboard, but if the user is unfamiliar with the 
technology, they may immediately feel as if they have broken it. Simple screenshots 
and some written instructions can help support people who work with your 
dashboard and improve the user experience. This can be done through the use of a 
training document, or it can also be noted on the dashboard (if space allows).

Power BI Dashboard with Table and Bar Graph with Instructions (Used with permission  
from Microsoft.)

In the screenshot, we are providing simple instructions to let users know how 
to sort and filter their information, as well as how to copy an image and export 
the data.

Other Supporting Materials
Other supporting materials included as narrative content in the report include 
Frequently Asked Questions (FAQs) and appendixes. 

Frequently Asked Questions (FAQs)

Frequently asked questions, or FAQs, address anticipated, common questions 
related to the report and its data. Topics of FAQs may include the following:

•	 When refreshes take place

•	 The source of the data

•	 How often people will be able to receive information

FAQs are typically written in a question-and-answer format. They can be displayed 
in several ways, such as on a printed page or a web page.
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Frequently Asked Questions Displayed in Microsoft Excel (Used with permission from Microsoft.)

This example displays a few questions that may be included, if relevant, for a report 
or project. How often the data is updated is a very common question; anything that 
you expect would be asked should go in the FAQs.

Appendixes

An appendix is used to provide additional details and information related to 
the report or process. It is an ideal place to reference materials that support or 
supplement what consumers are reading or viewing, but that are not essential to 
the main content of the report. An appendix allows users to access more extensive 
information as needed without cluttering the report or visuals with too much detail.

If the report involves a process or procedure, that procedure document might be 
included in an appendix. If multiple procedures are involved, the appendix could 
include an appendix of links to those procedures, as shown in the screenshot.

Screenshot of Appendix A with Important Links in Microsoft Word (Used with permission  
from Microsoft.)

The sample appendix listed here just provides a list of relevant links. This type of 
documentation can vary in detail; this is just one sample or style.
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Some appendixes may include more detailed tables and figures to support the 
visuals throughout the report. This type of appendix can be especially useful in 
long documents that are designed with lots of data outcomes, narrative, charts, 
and visuals. 

Screenshot of Appendix B with Detailed List of Figures in Microsoft Word (Used with  
permission from Microsoft.)

The sample here is created by using Insert Caption in Microsoft Word and then 
using Insert Table of Figures. This is a valuable command for data analysts who are 
integrating their visuals into reporting documents that have many charts, graphs, 
and tables throughout the document.
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6

Review Activity:
Narrative and Other Written Elements

Answer the following questions:

1.	 Narrative provides what type of detail about the report?

2.	 If you are preparing a dashboard for an audience who is not very familiar 
with how to work the dashboard, you might supply instructions for its 
use through which method?

3.	 What is typically written in a question-and-answer format?

4.	 What is used to provide additional details and information that is 
related, but not crucial, to a report?

DA0-001_Lesson14_pp273-308.indd   299 21/01/22   5:20 PM

LICENSED FOR USE ONLY BY: MUHAMAD SHAHRIZAL ARIS · 76712282 · DEC 27 2025



300  |  The Official CompTIA Data+ Student Guide (Exam DA0-001)

Lesson 14: Designing Components for Reports and Dashboards   |  Topic 14D

5

Topic 14D
Understand Deployment 
Considerations

EXAM OBJECTIVES COVERED
4.3 Given a scenario, use appropriate methods for dashboard development.

When developing dashboards, we have lots of different technical items to consider. 
Does the dashboard update efficiently? Does it filter effectively for the user? Do 
the users have the correct permissions and licensing to be able to use and share 
the dashboard? These are all questions you should ask yourself as you prepare to 
deploy to production.

Techniques for Dashboard Optimization
Dashboards and filters have numerous capabilities and options for consumers to 
read through data and determine information. When creating a dashboard, it’s 
important to provide consumers with access to the data they need, but it’s also 
not feasible to build a million pages in a dashboard to account for every scenario 
or piece of information. Techniques to optimize the dashboard experience and 
presentation of data include visual filters, drill-through capabilities, and tooltips.

Visual Filters

Visual filters allow us to provide additional row values, which can be expanded 
or collapsed to provide more detail without having to create more pages or more 
visuals. Every tool has some version of this capability; you will need to explore the 
actual tool to determine how it can be done within that tool.

Expand Option in Matrix with Bar Graph in Microsoft Power BI (Used with permission 
from Microsoft.)
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In the screenshot, not only can we see Anne’s totals, but we can also click the 
expand option and see each total separated out by each shipper (like FedEx, 
Loomis, and Parcel Post). This gives us more insight into the total itself.

Drill-Through Pages

Tools like Power BI also have drill-through capability that allows you to select a 
value and drill down to a deeper visualization of the information you selected. This 
prevents the user from having to jump to multiple pages and filter the visual. They 
are able to instead view another visual, filtered with the drill-through capability. 

Drill-Through Values in Microsoft Power BI (Used with permission from Microsoft.)

In our drill-through example, we see Anne’s value in the matrix. We can drill through 
this value to see other information about what makes up that particular number, by 
leveraging drill through to another visual.

Effective Tooltips

When you build a visual, you will notice that it contains tooltips by default. Tooltips 
can provide additional information to the user who simply hovers over a value. 
You can build a tooltip for almost any visual you create to provide additional 
information that might be valuable for the user.
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Default Tooltip in Tableau Desktop

The default tooltip in this example shows Display Name, or the name of the 
customer; YEAR(Ship Date), or the year in which the order was shipped; and 
SUM(Order Amount), or the total order amount. This information is based on the 
values that are used to create the visual.

There are times when providing other visuals as the tooltip makes more sense than 
just the default tooltip. In tools like Power BI and Tableau, you can set the tooltip 
to show another visual or table that is in the file. These tabs are hidden from view 
when the dashboard is published, but always available on a hover. In this next 
screenshot, when we hover over Janet’s bar we see another visual that shows the 
breakdown of what Janet’s shipping choices have been. Loomis immediately stands 
out at the top of her values.

Custom Visual Tooltip in Tableau Desktop
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Other Considerations

When discussing optimization with dashboards, just like with databases and 
queries, we make decisions that can impact the user experience. For example, data 
refreshes can take some time to process depending on how much data you need 
to update. If your data doesn’t change every second, then you should consider 
how often it needs to refresh. Another consideration is how you connect to your 
data—either through a live connection or import connection—as this can impact 
performance. Row-level security can conveniently provide filters to different 
components of the report, but it can have a negative impact on performance. As a 
data analyst, you will learn the nuances of each tool that you use as you attempt to 
design meaningful experiences that run smoothly for the users.

Deploy to Production
When our work on our reports and dashboards has been completed, and they’re 
ready for our audience, it is time to deploy our work to production. This can mean 
a lot of different things depending on your organization. It is best defined as going 
from a proof of concept that has been tested and validated to actually providing 
a useable product that has been deployed for others to use. There are some 
key action items to perform when you are ready to deploy to production. Before 
deployment, you should ensure that:

1.	 Your documentation and instructions have been prepared.

2.	 Everything is named and labeled correctly.

3.	 The items function as intended and have been tested for use by someone 
other than you. (This is important because you know how you intended it to 
work, meaning you might miss something that another person might do with 
your dashboard to create an unintended result.)

4.	 You have confirmed through the organization’s processes that approval has 
been granted.

5.	 You have confirmed that permissions have been adequately defined and 
are set.

6.	 Required licenses, when applicable, have been assigned to the appropriate 
users.

Let’s dive deeper into that last point.

Licensing Requirements

You will always want to learn up front what licenses are required for reporting 
at your organization. There are multiple types of licenses and features that are 
applicable at each level. Let’s say, for example, that you have created a dashboard 
and it’s ready to go. You don’t want to find out at this point that you can’t deliver the 
final product because no one has licenses--or worse, there are no licenses that can 
be given to them. This can happen due to cost, or when the purchased licenses are 
already assigned to other users.
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As an example, you can purchase Tableau Desktop and a Creator account, but to 
share your reports with other creators, they need to also have the licenses from 
Tableau that allow them access the reports you share. To share and give access, 
you must remember that =the consumers who read reports have different license 
requirements, but they will still likely require some type of license to view the work.

You can download PowerBI Desktop for free, but if you want to share reports 
freely, this comes with different levels of licensing. There are also different 
licenses required to share the reports within SharePoint. When you are ready for 
production, this is not the time to discover that licenses are needed. You will want 
to know ahead of time, so that you can design your reports and seamlessly deploy 
to production.
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6

Review Activity:
Deployment Considerations

Answer the following questions:

1.	 What are three techniques we use to optimize the dashboard experience 
and presentation of data?

2.	 What action should you take before deployment to production to ensure 
you can share your report with others?
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3

Lesson 14
Summary

After this lesson, you should have a better understanding of the design elements 
that should be considered for every data project. You should know how to follow a 
brand or style guide, and should be familiar with some simple guidelines to follow 
when an organization does not have a style guide. You should also be able to 
identify standard elements to be included in any report or dashboard, like version 
numbers, print dates, and refresh dates. You should have a better understanding 
of what types of written elements might support your overall project, and should 
have learned why providing frequently asked questions can save you time. You 
should also be able to identify items that will be on your checklist for deployment to 
production, like testing, permissions, and licenses.

Guidelines in Designing Components for Reports and Dashboards

Consider these best practices and guidelines when familiarizing yourself with the 
various considerations you should have when preparing a report or dashboard.

1.	 When a company adopts a brand identity, they will want that brand reflected 
in all the artifacts that represent the company.

2.	 Style guides commonly contain different variations of an organization’s logo 
and guidelines for how it can be used.

3.	 Avoid distracting color schemes (e.g., the use of too many different colors) 
that detract from the information presented.

4.	 When adhering to color requirements in a style guide, use the hexadecimal 
code or the RGB values to ensure the exact color is selected.

5.	 In a serif font, the letters have lines that make the font more readable when 
there are paragraphs of text at smaller font sizes, such as the written narrative 
of a report.

6.	 In a sans serif font, the letters do not have these lines and can be useful for 
headings, labels, and other elements surrounding visuals.

7.	 Captioning allows you to designate more meaningful names for fields in a 
report or dashboard without changing the underlying field.

8.	 Labels help consumers easily distinguish what they are viewing and 
understand the visual faster; legends should show users which color 
represents which value in a visual.

9.	 Version numbers are recommended for reports that are a part of a 
documented process or that are in production, but still in development. 

10.	 The refresh date and print date are not always the same.
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11.	 FAQs address common questions that you would anticipate to receive related 
to the report and its data.

12.	 Techniques to optimize the dashboard experience and presentation of data 
include visual filters, drill-through capabilities, and tooltips.

13.	 You will want to identify up front what licenses are required for reporting at 
your organization. There are multiple types of licenses and features that are 
applicable at each level.

Practice Questions: Additional practice questions are available on the CompTIA  
Learning Center.
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Lesson 15
Distinguishing Different Report Types

LESSON INTRODUCTION
As an analyst, you will discover that there are differences in the types of reports 
you may create. Some will be static, and some will be dynamic. This designation 
refers to the way that the data refreshes, and what this means for the data analyst 
is either the audience will serve themselves from the dashboard you created, or 
you will update your reports and provide them a static copy. You will also receive 
one-time requests, which is referred to as ad-hoc reporting. You may find that these 
requests can sometimes lead to regular reporting for the organization. Whether 
fulfilling a one-time request or running a routine report, you will also need to 
consider the timing of the reporting, whether it covers a specified period of time or 
just a point in time.

Lesson Objectives
In this lesson, you will do the following:

•	 Differentiate between static and dynamic report types.

•	 Determine the uses for ad-hoc and self-service reporting.

•	 Explain the importance of timing in reporting.
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Topic 15A
Understand How Updates and  
Timing Affect Reporting

EXAM OBJECTIVES COVERED
4.5 Compare and contrast types of reports.

A report that has to be manually updated by the analyst and then provided to a 
consumer is a perfect example of a static report. However, when you have access to 
the data through your permissions, and you can directly update your report in real 
time, this is dynamic reporting. As an organization looks at their past and present to 
predict future outcomes, the data analyst is tasked with creating reports that cover 
a point in time. These points in time can be a week, a month, or a specific month 
this year compared to that same month last year.

Static Versus Dynamic Reports
A static report is a report that does not update automatically. A dynamic report, 
also known as a real-time report, is connected to the data and can be refreshed on 
demand or regularly updated automatically. There are many similarities between 
the two types of reports.

•	 The data we capture and aim to report on comes from the same database, data 
set, or source.

•	 We develop the same types of the data joins for both types of reports.

•	 The way we visualize the data will be the same.

The key difference between the two types of reports is that a static report doesn’t 
update, whereas a dynamic report can be refreshed to visualize new data. In order 
to see new data in a static report, the data analyst must run a new report.

The use of static versus dynamic in terms of reporting is also sometimes used to 
refer to the consumer’s ability to interact with the report. A dynamic report may 
be dynamic in the sense that a consumer can refresh and filter data, thus creating 
various scenarios from the data. Meanwhile, a static report is set to only show a 
specific base of information, with no additional filtering and refresh capabilities.

A standalone spreadsheet that is not connected to a database would be an example 
of a static report. A Power BI dashboard that is directly connected to an SQL server 
would be dynamic. You may find that you, as a data analyst, have the ability to 
create dynamic reports, whereas others need a static version of your report or 
dashboard. You will want to create dynamic reports as much as possible, even if its 
just you that ends up using them.
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Point-In-Time Reporting
A point-in-time report reflects on a specific point in time, whether looking at 
data from the most recent month or data from one year prior. It is important to 
understand that this type of report can be either static or dynamic. When an analyst 
runs a point-in-time report each day, prints that report, or sends a PDF via email, 
it is static. When an analyst instead delivers a report that allows the consumer to 
refresh and gain new data every day, this report is dynamic (but still point in time, 
as it is still providing daily data).

Point-in-time reports are frequently used for presentations and meetings, and they 
are typically scheduled to be run on a set schedule. An annual report is a prime 
example of a point-in-time report, as it is a look back at the previous year and the 
performance measures that have been set. Another example would be a report 
of last month’s sales shown at a monthly sales meeting to help forecast the next 
month’s sales volume. We might develop and use multiple point-in-time reports 
when decisions need to be made for the future based on past information. 

Real-Time Reporting
Data is always changing, and a real-time report will automatically provide the most 
up-to-date data. For example, some data warehouses load the updated data every 
night so that the next morning all the reports contain the most up-to-date data 
from the day before. This would be an example of a real-time report. Depending on 
the rules of the organization, the variations of “real time” will need to be defined, 
and the analyst will need to understand how often data is actually updated. The 
consistent known is that real-time data changes and is updated regularly.

Real-time data is particularly useful for dashboarding. When we can refresh our 
dashboards and see what’s happening in “real time,” we have a greater opportunity 
to get in front of issues and make better decisions (particularly when it comes to 
financials). For example, suppose your organization’s technology department has a 
help desk call center. Displaying real-time data in a dashboard could be incredibly 
helpful for the department. Consider that the team sees on the dashboard that 
there’s been a sudden spike in call volume. Being able to see this in real time would 
operationally help the organization identify the presence of an issue pretty quickly.

Many modernized cloud-based software programs, like CRM systems, provide real-
time information. As soon as a new contact has been engaged, that information is 
made readily available to all reports. It’s important to remember that not all data 
is suitable for dashboards. While the aggregate of transactional data might be 
relevant for a dashboard, the line-by-line nature of the individual data may lend 
itself for other styles of reporting.
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3

Review Activity:
How Updates and Timing  
Affect Reporting

Answer the following questions:

1.	 What is the key difference between static reports and dynamic reports?

2.	 A report that covers a specified period of time would be referred to as 
what type of report?

3.	 A Power BI dashboard directly connected to a SQL server would be an 
example of which type of report?
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Topic 15B
Differentiate Between Types  
of Reports

EXAM OBJECTIVES COVERED
4.5 Compare and contrast types of reports.

There are many different types of reports you will work with as an analyst. 
Compliance and operational reports are extremely common, and typically run on 
a recurring basis. When more detailed information is needed about operational 
details, especially for strategic business initiatives that cover long periods of time, 
you may use tactical reporting. When you want to use research and data to inform 
and even change business practices, you would create research-driven reports. 
Sometimes, you’ll receive one-time requests for a report that doesn’t already exist. 
These ad-hoc reports can turn into regularly used reports if they truly provide 
meaningful information. In some cases, you won’t even be the one running reports; 
self-service reports allow users to run their own reports, and it removes the need 
for a middleman.

Operational and Compliance Reports
Reports that provide crucial data to an organization are often run on a recurring 
basis. Two types of reports that fit this criteria are operational reports and 
compliance reports.

An operational report is used to inform on the health and status of a project, 
product, or organization. For example, a company that has identified key 
performance measures and key performance indicators (KPIs) will likely want to see 
this data regularly. There are many metrics that an organization will generate about 
its business. These metrics can become KPIs, but not all metrics are KPIs. A metric 
is designated as a KPI when that metric can be used with other KPIs to improve the 
overall health of an organization.

A compliance report is a report that must be run for compliance or regulatory 
reasons and includes financial reports, health reports, and safety reports. Consider 
that organizations in the United States must remain compliant with Occupational 
Safety and Health Administration (OSHA) standards. As part of these standards, 
businesses are required to report various type of injuries and near misses, and 
must hold safety meetings. It is not enough for an organization to “say” that the 
safety meetings were conducted. They must have data that proves the meetings 
were held and that people attended. This means the organization is being 
compliant to the standards. Not unlike OSHA compliance, public corporations also 
have compliance and oversight agencies, like the U.S. Securities and Exchange 
Commission (SEC). There are additional standards and reporting requirements that 
must be met to be considered compliant with these regulations.

In general, any report that helps support a company’s operations or covers 
regulations will be run regularly and routinely.
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Tactical and Research-Driven Reporting
When we work with an organization to build reports, we will encounter all types of 
requests. We will create different styles of reports, like static or dynamic. Some of 
the reports will be tactical, when we are trying to achieve operational success by 
monitoring our process. However, they may also be research-based, when we are 
trying to analyze the “why” behind the process or make improvements.

Tactical Dashboards

A tactical dashboard is focused on the operational details of a process or 
operation. Strategic business initiatives that cover long periods of time and are 
focused on overall improvement of the business must be monitored and measured 
to be effective. For example, if a company wants to trim approximately three days 
off the lead time between sales to delivery over the next year, it will benefit from 
implementation of a tactical dashboard, or reports that show how the team is doing 
on this specific metric.

In this scenario, the tactical dashboard is created for the employees who 
manage the day-to-day processes that the company is trying to improve. Tactical 
dashboards can also be used by the leaders of a department to watch and track 
overall performance, so they can identify when performance is below expectations. 
The reports in tactical dashboards are needed on a regular basis, and real-time data 
is crucial when progress toward a long-term goal is being monitored.

Research-Driven Reports

A research-driven report relies on research to inform and even change business 
practices. Research-driven reports go beyond simply reporting on the overall 
health and status of an organization, aiming instead to drive business and move 
the organization to new goalposts. These reports may happen as part of a specific 
project, but they do not follow a pattern of reporting, such as we see with day-to-
day tactical reports.

Let’s revisit our strategic initiative of reducing the lead time between sales and 
delivery. In trying to figure out how to accomplish this goal, we might study the 
current lead time in an attempt to determine why it may be longer than we desire. 
Research studies, and their associated reports, can steer us toward changes we 
might be able to make to help reach that initiative. Research-driven reports are also 
useful when we need to figure out why a process has failed to work as intended or 
has other problems. This type of research analysis is called root cause analysis, as 
it attempts to find the root cause of the problem that occurred. 

Ad-Hoc Reporting
A report generated in response to a one-time request is known as an ad-hoc 
report. These reports are generally time sensitive and typically require a quick 
turnaround. Ad-hoc reports don’t already exist in a system, but instead need to be 
created by someone with the right skills. Data analysts create a lot of ad-hoc reports 
because they typically have greater access to data.

An ad-hoc report may be requested when someone needs information on a certain 
subject, topic, or product that is not represented in the reporting that already exists. 
This type of report is used once and never revisited.
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Let’s consider an example. Suppose an operations manager wants to determine 
if the production time of a particular product has increased. This is important 
because an increase in production time means that this product costs more to 
produce, and thus lowers the overall margins made when the company sells the 
product. This report doesn’t exist—some of the information needed might be 
contained in other reports, but the operations manager requests a report that 
provides all the necessary information in one spot. This is an example of a one-time 
request that would lead to an ad-hoc report.

In some cases, ad-hoc reports can become standard reports. If a one-time report 
turns out to be useful on an ongoing basis, and people begin to depend on the 
information presented, what started as an ad-hoc report can become an “all 
the time” report. Returning to our example, suppose after receiving the ad-hoc 
report, the operations manager realizes the report is extremely helpful when 
looking at margins. If the operations manager asks for this to be an ongoing report 
that is run on all products with lower margins, the ad-hoc report has become a 
standard report.

Ad-hoc reports are created in response to a quick request for information that 
doesn’t already exist. Besides that differentiator, ad-hoc reports have all the 
features of any other type of organizational report. They can be static or dynamic 
and point in time or real time. 

Self-Service Reporting
A self-service report, or on-demand report, is one that is run directly by the 
consumer. When business users can leverage dashboards, or run their own reports 
from the systems the organization has purchased, they are performing what we call 
self-service.

In the early days of business, a request for a report would always come into the 
technology department, which would require someone to create and then email 
the report (or save it in a shared folder). The technology department was the 
middleman between the user and the data. Data analysts with access to the data 
are certainly able to benefit from the self-service model, as well as other business 
users who are familiar with working with data. Self-service reporting breaks down 
barriers to accessing data and limits delays due to all requests for data going to one 
person in the technology department.

Dashboarding has become a phenomenon in the data industry, because once a 
dashboard is built, other users can serve themselves with the information from 
that dashboard. Dashboards allow people without a data analysis background to 
interact with the data and create their own reports whenever they would like, with 
premade designs created by the data analyst that provide plenty of insight into 
the data.
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5

Review Activity:
Types of Reports

Answer the following questions:

1.	 Compliance reporting is performed to adhere to rules and standards 
required by certain regulatory agencies and organizations. Provide some 
examples of regulations that would require reporting for compliance.

2.	 Which type of report uses metrics to provide a picture of the overall 
health of the organization?

3.	 Tactical dashboards focus on what part of a process or operation?

4.	 Which type of report relies on research to inform and even change 
business practices?

5.	 A report generated in response to a one-time request is known as what?
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6

Lesson 15
Summary

You should now be able to determine when a report is static versus dynamic, 
and have a better understanding of point-in-time reporting. You should have 
more insight into how often a data analyst will use dynamic report capabilities to 
create static reports for others. You should also understand that real-time reporting 
may have various meanings in an organization, and that data is sometimes 
available the minute its entered, like in popular cloud-based programs. You should 
be familiar with operational and compliance reports, which are commonly run on a 
recurring basis, and tactical and research-based reports, which use common tools 
but have distinct types of reporting requirements and are meant to serve different 
areas of focus. You have discovered that ad-hoc requests are usually focused asks 
from different consumers, typically with a short turnaround time, for one-time 
reports. However, recently organizations have begun deploying data and access to 
their staff directly, so that people can serve themselves with data.

Guidelines in Distinguishing Different Reports Types and 
Recognizing Requests for Reports

Consider these best practices and guidelines when familiarizing yourself with the 
various reports you will be working with.

1.	 The key difference between static and dynamic reports is that a static report 
doesn’t update, whereas a dynamic report can be refreshed to visualize 
new data.

2.	 A standalone spreadsheet that is not connected to a database would be an 
example of a static report.

3.	 When an analyst delivers a report that allows the consumer to refresh and 
gain new data every day, this report is dynamic.

4.	 When an analyst runs a point-in-time report each day, prints that report, or 
sends a PDF via email, it is static.

5.	 An organization will have a mix of true real-time data and data stored in 
warehouses that updates in near real time, or at different intervals during 
the day.

6.	 Real-time data is great for dashboarding, as this allows us operationally to see 
items as they are occurring in the data. 

7.	 Key metrics can become key performance indicators when they are extremely 
useful in indicating the health of the organization, group, or process. 

8.	 Tactical dashboards are typically focused on operational information for 
overall monitoring and improvement for an operation.

9.	 Research-driven reports usually will seek to inform or improve upon a 
particular program or process.
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10.	 Root cause analysis is a research analysis that seeks to determine the real 
cause of an issue, such as a problem in a process or procedure. 

11.	 Data analysts will commonly conduct ad-hoc reporting as a result of one-time 
requests for specific information that is not already represented in a report 
or dashboard.

12.	 Ad-hoc reports can become regularly accessed reports if the information 
proves to be extremely useful to the organization. 

13.	 Self-service reporting allows users to pull and work with the data themselves, 
without requiring another person to gather and send it.

Practice Questions: Additional practice questions are available on the CompTIA  
Learning Center.
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Lesson 16
Summarizing the Importance of  
Data Governance

LESSON INTRODUCTION
When a company adopts a data governance plan, it involves the people, processes, 
and technology needed to control data. Data governance aims to ensure that 
data maintains its quality and integrity by establishing definitions, rules, and 
standardization. Data governance also allows for the organization to adhere to 
regulations and helps maintain compliance. Data governance impacts the quality of 
data in a very positive way for the data analyst, as it sets the rules of the data from 
the top level to all levels of the organization.

Lesson Objectives
In this lesson, you will do the following:

•	 Define data governance.

•	 Understand access requirements and policies.

•	 Understand security requirements.

•	 Understand entity relationship requirements.
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Topic 16A
Define Data Governance

EXAM OBJECTIVES COVERED
5.1 Summarize important data governance concepts.

Data governance involves the controls, processes, and people that ensure quality 
and secure data. It can also be said that data governance encompasses the 
processes, procedures, and protocol involved in managing the availability, usability, 
and integrity of data. Data governance includes roles that cover different areas of 
the data, from ownership to stewardship. These roles play a major part in ensuring 
data quality as well as data classifications. Data governance provides processes 
and accountability, ensuring compliance and also awareness of the jurisdictions in 
which the organization is legally responsible.

Data Governance
Data governance is a large umbrella term for a framework used to govern data 
in an organization. Data governance covers the technology, people, and processes 
that help control data within an organization during its different lifecycles. For 
a data governance plan to be effective, it must involve every department in an 
organization. While all organizations implement some form of data governance, it is 
typically more mature in industries that are regulated or required to meet specific 
standards. There are measures of maturity that help indicate where an organization 
may be in its overall path to full data governance. This model, like all things, varies 
depending on the provider of the model. However, the typical range goes from 
“completely unaware” to “effective,” effective meaning that the organization has 
reached its goal of information and data management.

Transparency, accountability, and standardization are key elements of a strong data 
governance plan.

•	 Transparency means everyone in the organization has access to the data 
governance policies and understands why they are in place.

•	 Accountability means these policies are being followed, and there are 
accountability measures in place to ensure the policies are followed.

•	 Standardization means data is consistently labeled, categorized, and described 
for use within the organization.

The Lifecycle of Data

Data has a lifecycle. It’s created, stored, used, archived, and deleted. Each stage 
in the lifecycle of data has different rules and requirements for the data an 
organization will work with related to the regulations and compliance requirements 
for the industry. There are departments within each organization that have various 
needs and requirements that are set based on this lifecycle.
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The Lifecycle of Data

•	 Stage 1 Create: Data is created through manual entry, software interfaces, 
external feeds, automated capture, databases, file systems, and many other 
methods.

•	 Stage 2 Store: The storage of data refers to the locations used to house data, 
which inform the way we protect data, give permissions, and set up data backup 
and recovery plans.

•	 Stage 3 Use: Data is used to support operational needs and objectives. Data is 
viewed, manipulated, processed, and saved. Data will also be overwritten, or 
values deleted, as needed. Data may also be shared outside the organization.

•	 Stage 4 Archive: When data is not regularly needed, it is archived. It can still be 
accessed, if necessary, but it is no longer in everyday use.

•	 Stage 5 Destroy: Data that is no longer needed or required to be kept is 
destroyed. Data must be authorized for destruction in this stage, and destruction 
methods must be legally compliant.

There are certain types of data that all businesses need to destroy or archive. 
For example, consider business tax records. In some cases, an organization is 
required to hold these documents for three or seven years, depending on the type 
of document. However, while the organization is required to store that data for 
this period of time, it doesn’t need to be available for direct access, so we might 
archive that data. When the time is up for that documentation, we can destroy it 
and eliminate the cost of keeping it archived. There will be dedicated processes 
for performing these actions in the data governance plan. Data governance plans 
ultimately include planning, process, and policy for each stage of the data lifecycle.
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When working as an analyst, you will most likely find that in regulated industries 
organizations have a dedicated team or department that handles their data 
governance policies, procedures, and measures. In nonregulated industries, 
organizations may have a more disjointed data governance plan, lack universal 
procedures, and silo governance within specific departments. 

Roles Within a Data Governance Team
Everyone in an organization tends to participate in data governance in some 
way, whether or not they have a defined role within a data governance team. 
For example, database administrators and security professionals perform very 
specific tasks that ultimately ensure different elements of data are addressed and 
accounted for. There are also attorneys and compliance teams that work to ensure 
organizations follow the appropriate legal requirements for the data they work 
with. These functions could be performed by a single person, or entire teams can 
be dedicated to these roles. It’s important to remember that how data governance 
is handled differs across every organization. 

There are a few roles that are commonly utilized in data governance teams across 
organizations: data owner, data steward, and data custodian.

•	 A data owner is a senior (executive) role. The data owner holds the ultimate 
responsibility for maintaining the confidentiality, integrity, and availability of 
the information asset. The owner also typically selects a steward and custodian, 
directs their actions, sets the budget, and allocates resources for sufficient 
controls.

•	 A data steward is primarily responsible for data quality. The data steward 
ensures data is labeled, identified with the appropriate metadata, and collected 
and stored in a format that complies with applicable laws and regulations.

•	 A data custodian manages the system on which the data assets are stored. This 
includes the responsibilities of enforcing access control, encryption, and backup/
recovery measures.

Where does the data analyst fit within these data governance roles? An analyst 
must adhere to the standards and requirements that align the organization’s data 
governance plan. The analyst’s role is to adhere to data governance policies but not 
necessarily to create them. As an analyst, you must keep data governance policies 
in mind when gaining access to and working with data.

There is no universal data governance plan for every organization; you will need 
to refer to the internal policies of each organization for plans, processes, and 
approaches to data governance. 

Jurisdiction Requirements
Data is constantly being created, stored, and analyzed worldwide. Thus, as we 
work with data for different organizations, it is important that we know which 
jurisdictions we are accountable to (locally, nationally, and even internationally) and 
what regulations we must follow.

Data sovereignty is the idea that the country in which data is stored has control 
over that data. It describes the legal dynamics of the collection and usage of data 
in a global economy. Laws vary widely from country to country. Some impose 
restrictions on how data can be used, how it can be moved from one country to 
another, and what type of encryption can be used to protect it.
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Legal Jurisdiction

Jurisdiction is the official power to make legal decisions and judgments. While 
data analysts are not responsible for jurisdiction, you should know that your 
organization, and especially its data governance and compliance teams, will monitor 
any applicable laws. Jurisdiction includes the following:

•	 Federal laws

•	 Federal regulations

•	 State laws

•	 International law

•	 Laws in other countries

Regulations and Compliance
Regulations are rules that are implemented by an authority and have the backing 
of law. Regulations are implemented for organizations that fall under an authority’s 
control. These regulations describe their legal authority and include details 
regarding compliance requirements. An example is the Federal Energy Regulatory 
Commission (FERC), which regulates interstate transmission of electricity, natural 
gas, and oil. An organization that works in the energy industry is most likely 
regulated by FERC. If any regulations apply to you and your organization, based 
on the data that you work with, you will want to be aware of these requirements. 
You will likely discover that many organizations have a compliance officer and 
department to help navigate this.

There are a few major regulations that you should be familiar with.

•	 The General Data Protection Regulation (GDPR) enforces rules on organizations 
that work with the collection and/or analysis of data for people that reside in 
or offer services to entities in the European Union (EU). More information on 
the GDPR can be found here: https://ec.europa.eu/info/law/law-topic/data-
protection/data-protection-eu_en.

•	 The Privacy Shield is a set of data protection requirements that applies to data 
transferred from the EU to the United States. Businesses who wish to work with 
international data can self-certify to prove that the protections they offer are 
adequate under the Privacy Shield framework. For more information on the 
Privacy Shield, visit: https://www.privacyshield.gov/US-Businesses.

•	 Children’s Online Privacy Protection Act (COPPA) is a US federal law designed to 
protect the privacy of children (inside and outside of the Unites States) under the 
age of 13. Entities who operate online and collect data on children are required 
to follow the regulations set by COPPA. More information on this law can be 
found here: https://www.ftc.gov/enforcement/rules/rulemaking-regulatory-
reform-proceedings/childrens-online-privacy-protection-rule.

•	 Family Educational Rights and Privacy Act (FERPA) is a US federal law that 
protects the privacy of student education records. More information on FERPA 
can be found here: https://www2.ed.gov/policy/gen/reg/ferpa/index.html.

•	 The Health Insurance Portability and Accountability Act (HIPAA) is a US federal 
law designed to protect the privacy of healthcare-related information, or 
personal health information (PHI). The website for HIPAA can be found here: 
https://www.hhs.gov/hipaa/index.html.
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•	 The Payment Card Industry Data Security Standard (PCI DSS) is a global data 
protection standard established and maintained by a consortium of payment 
card companies, designed to reduce fraud by increasing the security of 
cardholder data. For more information, visit: https://www.pcisecuritystandards.
org/document_library.

Data Classifications
Data classifications are a way to categorize or classify data. There are typically 
three levels of classification within an organization, although the specific levels 
used can vary from organization to organization. Three of the most common 
classifications are public, sensitive, and confidential.

•	 Public—Disclosure would not cause a negative impact to the organization.

•	 Sensitive—Disclosure would cause harm to the organization.

•	 Confidential—Disclosure would cause considerable harm to the organization.

Each level of data classification aligns with its own set of controls and procedures 
intended to protect the data. The data owner on a data governance team is 
responsible for applying these classifications to data, but as an analyst you must 
know the classification level of any data that you plan to work with.

Data Privacy and Protection

When you are working as an analyst, you will likely encounter data that identifies a 
person in some way. This data should be handled with care due to the numerous 
privacy and protection laws organizations must follow. Some of the most common 
types of personal data are described below.

•	 Personally identifiable information (PII) describes data that can be used to 
directly or indirectly identify an individual. It is important to note that PII exists in 
every organization in every industry, and it is included in other regulations along 
with the other types of personal data listed here.

•	 Protected health information (PHI) describes health-related data that can be 
used to identify an individual. PHI includes information about a person’s past, 
present, or future health, as well as payments and data used in the operation of 
a healthcare business.

•	 Personally identifiable financial information (PIFI) describes information 
about a consumer provided to a financial institution. PIFI includes information 
such as account number, credit/debit card number, personal information (such 
as name and contact information), and social security number.

•	 Intellectual property (IP) describes intangible products of human thought and 
ingenuity. Intellectual property is protected by various laws, such as copyrights, 
patents, trademarks, and trade secrets.
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3

Review Activity:
Data Governance

Answer the following questions:

1.	 What are the three key elements of a strong data governance plan?

2.	 What are the five steps of the data lifecycle, in order from start to finish?

3.	 Which data governance role is primarily responsible for data quality?

4.	 How is data sovereignty defined?

5.	 Which regulation is a US federal law designed to protect the privacy of 
healthcare-related information?

6.	 There are typically how many levels of data classification in an 
organization?

7.	 What are three common classifications?
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Topic 16B
Understand Access Requirements  
and Policies

EXAM OBJECTIVES COVERED
5.1 Summarize important data governance concepts.

When sharing information, there are important agreements that will need to be in 
place to outline what data can be shared, who it can be shared with, and how it can 
be used. There are approval processes that grant the use of data and provide the 
permission to move forward. Data also has a life span, at the end of which it should 
be archived and sometimes destroyed. From use agreements to approvals, these 
are critical details for an analyst to be aware of as you start your data projects.

Data Use Agreements
A data use agreement is an agreement between two parties about the exchange 
of data that specifies what data will be shared and how that data can be used. 
Typically, a data use agreement is a legal agreement. Some variations include 
contracts, non-disclosure agreements, memorandums of understanding, and other 
legal instruments. Any document that addresses the use and exchange or sharing 
of information is a form of data use agreement.

Non-Disclosure Agreements

A non-disclosure agreement (NDA) defines the conditions under which an entity 
(such as a person or supplier) cannot disclose information to outside parties. 
An NDA includes specific descriptions of the legal ramifications for breaking the 
agreement, which provides a legal basis for protecting information assets and 
serves as a deterrent to the sharing of information.         

Acceptable Use Agreements

An acceptable use agreement describes not only how data can be used, but also 
for what purpose. For example, suppose a company is giving a vendor access to 
its customer data for the purpose of researching the customers. However, the 
company would not want the vendor to use that data to create its own target 
customer list. In this case, an acceptable use agreement can be created to define 
the acceptable ways the vendor can use that data.

Acceptable use agreements also establish requirements for deidentification, or the 
removal of personal data, especially when privacy regulations like GDPR or HIPAA 
apply to the data. The goal is to reduce the risk that data can be reidentified.

Memorandums of Understanding

A memorandum of understanding (MOU) is an acceptable use agreement 
that establishes the rules of engagement between two parties and defines roles 
and expectations. They are used for describing and enforcing the data usage 
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agreements between two parties. An MOU is a nonbinding agreement, meaning 
it is difficult to enforce in a court setting because it is not a formal contract, but it 
is still an agreement that lays out how the parties will adhere to the data policies 
surrounding the data that is to be used.

Release Approvals
When working with private information and data that has sensitive and confidential 
classifications, you will likely be involved in the process of release approval. Before 
an organization can release data to you for analysis, and before you can release it 
to others, these actions must be approved.

When personal and sensitive or confidential data is released without proper approval, 
there are serious consequences (even if the release was accidental). Always ere on the 
side of caution when preparing to work with personal data. When in doubt, reach out to 
your manager to inquire about the appropriate process at your organization.

Data Retention and Destruction Policies
When there are no outside regulations dictating what data an organization must 
retain or delete, the organization should consider the cost to store and maintain 
unneeded data when deciding how to handle it. But when there are regulations 
that require an organization to hold or destroy data within a certain time frame, 
the organization must follow jurisdiction laws and/or industry regulations. There 
are two key factors in the holding of data that are often specified in laws and 
regulations: data retention and data deletion/destruction.

Data retention defines the time span for which data must be kept. This includes 
not only the minimum amount of time data must be kept, but also the maximum 
(or “no longer than”) amount of time data can be held before it must be destroyed. 
Data retention requirements are often identified according to data classification 
levels, but the specific details should be defined in separate data retention policies 
and procedures. Effective data retention mitigates the potential issues surrounding 
data loss but also, and more frequently, for ongoing and future litigation. If you 
remove documents that you are required to hold, there can be ramifications to 
the organization through the legal system. In most organizations, you will find 
not only a compliance officer but also a well-versed attorney to help support the 
organization in adhering to the rules and regulations that must be followed.

Data destruction describes the legally compliant means through which data must 
be removed and made inaccessible. The required level of destruction is closely 
linked to the data’s classification. There are multiple steps needed to delete data in 
a way that ensures it is never recovered.  

How long data is to be retained and how it is to be destroyed should be specified in an 
organization's data governance policy. As always, situational awareness of the data you 
are working with and any related internal policies is paramount. 
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9

Review Activity: 
Access Requirements and Policies

Answer the following questions:

1.	 What is an acceptable use agreement?

2.	 What are the two other most common types of data use agreements?

3.	 What process will typically occur when you need to work with private 
information and data that has sensitive and confidential classifications?

4.	 How do we refer to the time span for which data must be kept?

5.	 What do we call the legally compliant means through which data must 
be removed and made inaccessible?
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6

Topic 16C
Understand Security Requirements 

EXAM OBJECTIVES COVERED
5.1 Summarize important data governance concepts.

In order to adhere to regulations and standards, organizations that collect and 
use data must also follow security protocols and policies as defined by the data 
governance plan. Each organization may have further security measures, processes, 
and software in place inside the information technology group responsible for 
security. The type of security measures in use depends on the type of data that is 
stored and collected and how it is classified. These security protocols, measures, 
and methods are applicable to the transmission of data and detail how to address 
data breaches and handle data access. From where we store data to how we send 
data, we should always have security of the data in mind.

Data Processing
As we discuss data governance and data security, it is important to note the types 
of data processing that can occur at an organization. These are choices that are not 
made by the analyst, but typically made by the IT and Executive teams who make 
decisions on the hardware and software to support the organization. Any or all of 
these may be occurring at any time in an organization. There are five high- level 
data processing types:

•	 Transaction processing

•	 Distributed processing

•	 Real-time processing

•	 Batch processing

•	 Multiprocessing

Transaction Processing

Transaction processing is used for transactional data that is mission critical to 
an organization. For example, an organization that sells large volumes online is 
likely using some form of transaction processing and leveraging systems that are 
meant for this type of data. This allows for transactional data to be captured and 
processed effectively in real time. The hardware and software components are 
designed so that data can move quickly and accurately. Consider an online retailer 
that participates in Cyber Monday sales; a system is needed that can handle a 
high volume of transactions placed from all over the country. With this type of 
processing, exact data—such as what was ordered and where it will be shipped—
must be complete to continue with the transaction. 
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Distributed Processing

Distributed processing takes large-volume data sets and distributes them across 
multiple servers. A distributed data system, meant for these types of processes, 
is designed so that if one server fails, another server can take on the tasks and 
continue the data processes. In distributed processing, the servers are independent 
of each other and can be located in different geographical areas. 

Real-time Processing

Real-time processing is like transaction processing, wherein the output is needed 
in real time, but it handles the data a little differently. Imagine that you are 
navigating to a destination using GPS navigation, and you miss your turn. The GPS 
navigation doesn’t stop or turn off. It leverages real-time processing, acknowledging 
that you missed the original direction and carrying on by routing you to the next 
turn that will take you to your destination. Real-time processing is preferred 
over transaction processing when the answer is not expected to be exact, and 
approximate results are acceptable.

Batch Processing

Batch processing is used when processing a large amount of data. Imagine you are 
wanting to analyze 10 years of transactional history that shows every single invoice 
line item within that period. Accuracy is more important than processing speed, and 
lots of transactions will take time to process. Batch processing will process the data 
in batches, saving on the resources costs that are allocated for processing. Batch 
processing can also impact costs by leveraging the computational resources that 
are being used for the analysis of these large sets.

Multiprocessing

Multiprocessing involves the use of two or more processors working on a single 
data set. Unlike distributed processing, where the data is distributed across 
multiple servers in different places, multiprocessing occurs within the same server 
leveraging multiple processors. This allows faster processing for very large data sets 
(think millions of records), although it is a more expensive option, simply accounting 
for the machine expense and the amount of memory needed to process data. 

Data Transmission
Data transmission is the process of transferring (sending or receiving) data. Data 
that is actively being transferred is data in transit. Data that is being stored is 
data at rest, and data that has been transmitted and is now present in memory 
or being queried is data in use, or data in processing. Data transmission can occur 
across a network, between computers, from a mobile device to a networked device, 
and more—even across a copper wire. Unfortunately, the transfer of data can be 
interrupted by malicious actors. Therefore, all data should be encrypted during or 
before transmission. Security professionals are responsible for ensuring that data 
is encrypted, although data analysts are often provided a means to encrypt data 
(typically in the form of a software that follows the necessary standards).

Data transmission is subject to oversight by the legal jurisdictions we mentioned 
earlier in this lesson because data is captured about all human, business, and 
natural activities on Earth. Thus, it makes sense that there is jurisdictional interest 
in data transmission, because these transmissions can affect commerce, financial 
markets, and societies.
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Data Encryption
Data encryption is the process of using algorithms that will “scramble” data from 
its original plaintext into another form, known as cyphertext, so that it can’t be 
read. This process ensures that sensitive data is not exposed while in transit. 
Encryption is reversible with the decryption key that unscrambles the cyphertext 
back to its unencrypted form, the original value. When data is encrypted, no human 
or machine can read it. It must be decrypted to be read. 

Data can also be encrypted at rest, which means that the data is encrypted while it’s not 
moving in transit. 

Encryption Standards and Laws

The Advanced Encryption Standard (AES) specifies a Federal Information 
Processing Standards (FIPS)-approved cryptographic algorithm that can be used to 
protect electronic data. The AES is supported in many current software systems.

The legal standing of encryption varies widely across the world. Some countries do 
not constrain the use of encryption, whereas others impose very strict limitations. 
An excellent resource that highlights the legal stance of varying countries around 
the world can be accessed via: https://www.gp-digital.org/world-map-of-encryption/.

De-Identification and Masking of Data
As a data analyst, there will be times when you need to de-identify or mask 
certain elements of data before sharing or distributing it, particularly personal data. 
De-identification is the process of removing fields that can be used to identify 
an individual or information that must remain anonymous. As you learned earlier, 
masking involves hiding that type of field by showing something else in its place, 
like an asterisk, and is critical when working with PII.

For example, suppose we are sharing student data for a research project. We can 
share the number of children that attend a school within a year, how many students 
are in each grade level, and the number of children categorized by race or poverty 
status, but we cannot share any information that would allow someone to tie this 
data back to a single individual. Aggregating our data into counts is one form of  
de-identification.

Banding, or providing the aggregated data by group, is another technique used 
to de-identify data. For example, if you are working with data for children from 
the ages of five to 18, you might create “bands” of ages in specific ranges using 
a calculation or condition. This condition would provide a field that places every 
record within that age range within the band.

Many databases already have data masking systems in place. For example, you 
are likely familiar with seeing asterisks in place of characters in passwords to keep 
this information from being visibly exposed. There are several different ways to 
approach field masking for data, whether through aggregation, banding, or creating 
functions like an index field.

Before you share data with anyone outside your organization (or inside with a different 
level of access), always double-check that your data adheres to the privacy rules that 
are set forth.
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Data Breaches
Even with a thriving data governance plan, protection policy, and security software 
that works to discover vulnerabilities, organizations can still experience data 
breaches. Again, as with all things related to data governance and security, you will 
need to review your company’s internal organizational policies on what to do in the 
event of a breach. 

Data Breach

A data breach occurs when information is read, modified, or deleted without 
authorization. “Read” in this sense can mean either seen by a person or transferred 
to a network or storage media. A data breach can involve the access of any type of 
data, although it is most commonly used in reference to corporate information and 
intellectual property. A privacy breach refers specifically to the loss or disclosure of 
personal and sensitive data. 

There are varying levels of severity for data breaches. A breach can be as simple 
as an unauthorized figure logging into your unlocked machine while you are away 
or as complex as an unknown actor hacking a network to gain access to all the 
files within. It’s important to note that breaches can occur at almost any level of 
an organization, and even in the most accidental of circumstances. For example, 
mistakenly leaving personally identifying information in a data set that is viewed by 
an outside company via a shared drive is a form of data breach.

A breach of any type can have severe consequences for an organization and the 
individuals involved—both the people at the organization who are responsible 
for the breach and also the individuals whose information was breached. Data 
breaches cause negative publicity for the affected organizations, ruining their 
reputation and causing people to lose trust in them. Organizations that have 
experienced a data breach typically have to pay heavy fines and can experience 
significant damage due to the loss of intellectual property. Further, a data breach 
can cause considerable problems for the people whose data was read in the 
breach, including but not limited to the misuse of personal information and  
identity theft.

Notification and Escalation of Breach

The way an organization is required to respond to a breach depends on the laws 
and/or regulations specific to the type and classification of the information that was 
breached.

The data governance and security teams at any given organization should be 
familiar with these requirements, which indicate who must be notified when a 
breach occurs.

When a data breach occurs, it is critical that the appropriate person on the team be 
notified so that they can take charge of the situation and formulate the appropriate 
response. Any breach of personal data and most breaches of intellectual property 
should be escalated to senior decision makers so they can properly consider any 
impacts from legislation and regulation. Even if a data breach is considered to be 
minor, if you attempt to correct it without alerting the proper person, you could 
place the company in legal jeopardy.

After a data breach is escalated, it may be found that public disclosure is needed. 
Although it is unlikely you will be responsible for the public notification of data 
breaches, it is important that you know the reporting requirements for your 
organization. Regulations outline who is to be notified and at what point. If public 
disclosures are not made when required, the organization will suffer fines and 
penalties. 
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Data Access
Permissions on data is the data governance concept that impacts data analysts the 
most on a practical level. There are several types of permissions on data that serve 
different functions.

Read and Read/Write Permissions

Two types of permissions you will commonly work with are read and read/write.

•	 Read permissions simply give you the ability to read the data.

•	 Read/write permissions give you the ability to read and also change the data.

When we need to enter and change information within a system, we need read/
write permissions. When we are connecting to data to create a report, we only need 
read permissions.

When you find you don’t have access to the data you need, you will need to use the 
appropriate channels to request permissions.

Role-Based Permissions

Role-based permissions are those that you gain simply because you serve a 
certain role at the company. Role-based permissions restrict or grant access 
to certain company information based on the role that person holds within an 
organization. Different employees are given different levels of access.

For example, let’s consider a company’s marketing department. Any employee in a 
management position has access to HR-related data for all department employees. 
However, nonmanagement employees in the marketing department only have 
access to their own HR data. 

The ability to assign role-based permissions reduces administrative burden, as it 
eliminates the need to assign permissions one person at a time. It also makes managing 
permissions an easier task for a company overall.

User Group Permissions

There are times when an organization might also need user group permissions, 
or permissions that are specific to users in a group regardless of their roles. These 
permissions are not suitable to everyone in a particular role, and may even be 
needed by people who serve in different roles.

For example, suppose a company’s marketing and product development 
departments share a process for contracting with vendors. If the company adopts a 
software that contains information specific to that process, only the users who need 
access to that system (in both departments) will be assigned to the user group with 
the associated permissions.

As a data analyst, you will certainly be assigned to role-based and user group 
permissions that are suitable for the tasks you will be given.
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Saving Data Files and Storage Types
Most companies have policies that dictate where you should and should not save 
your work. We’ll discuss a few of the ways information is typically stored.

Shared Drive

Shared drives are common in any server-based environment. These drives can 
be group or user based and have permissions associated with them that control 
access. For example, a drive that everyone who works for a particular company 
can access is a shared drive. These drives are likely backed up every night through 
server technologies and the IT department.

In most cases, you will work with your manager and IT department to create secure 
locations on shared drives where files can be saved.

When you need to save sensitive and confidential information, it is important to first 
identify who has access to the folders in which you plan to save. You do not want to be 
responsible for inadvertently causing a breach of information due to saving sensitive 
information in the wrong shared drive.

Cloud Drives

Cloud drives are not unlike shared drives in that they allow access to a folder 
system that is shared in a server environment. One of the key differences between 
the two is where that server is stored. While shared drives use a traditional server 
sitting inside your company’s IT office, the server for cloud drives resides on the 
“cloud.” Files on a cloud drive are being consistently backed up and always available 
when needed.

One of the key benefits of a cloud drive over a traditional server is the presence 
of version history, which allows end users to see multiple versions of a document 
within a single document file. In a traditional shared drive, we must save files with 
different dates and titles, such as draft or final, and can only see those different 
versions in different documents.

Because a cloud drive is constantly updating and able to show multiple versions, 
you will want to be careful about who has access to the cloud folder you save your 
work to.

The data analyst always has greater access to information than most others, which 
means we have an additional responsibility to protect information. 

Local Storage

No matter what type of machine you’re working on (whether laptop or desktop, Mac 
or PC), that machine has local drives. We access local drives similarly to how we 
access shared drives, but local drives are local to the specific equipment, whereas 
a shared drive is part of a larger server infrastructure. Most people recognize the 
most common local drive, the C: drive. People are also familiar with saving files into 
the Documents folder or their Desktop; these locations are actually a part of the 
local machine, in particular within the C: drive.
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Unlike with shared drives, others who work at your company can’t be given 
permission to access your C: drive. If you need to share files that are saved on your 
local drive, you must either re-save the files to a shared or cloud-based drive or 
transfer the files (such as via email).

It is important that you never send sensitive or confidential information via email. 
No matter where you save or upload your files, you must always be sensitive to the 
information you are sharing and who has access to any given location.

A downside of local drives is that they are difficult to back up through the company 
network, unlike shared drives and cloud drives, which make use of software and 
other technologies to protect your information in the event your machine crashes 
or otherwise becomes unusable. For example, a local drive can become corrupted, 
causing you to lose your data, or your laptop could be lost or stolen. This is why you 
will commonly find that organizations implement policies against using local drives 
and instead encourage the use of shared and cloud drives for the work performed 
at the organization.
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7

Review Activity:
Security Requirements

Answer the following questions:

1.	 What is data that is actively being transferred?

2.	 In what state should data be before transmission?

3.	 What is the approved cryptographic algorithm that can be used to 
protect electronic data?

4.	 What is the difference between de-identification and masking?

5.	 What might be needed if a data breach is escalated?

6.	 What are the two types of data access we commonly work with?

7.	 What are the three most common storage options for data?
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8

Topic 16D
Understand Entity Relationship 
Requirements

EXAM OBJECTIVES COVERED
5.1 Summarize important data governance concepts.

As you can imagine, an organization typically utilizes many different databases 
across an organization. As a part of the organization’s overall data governance 
strategy, there is likely an ongoing effort to capture the model of these databases. 
In the same way that a data architect uses models when designing a database, the 
organization uses entity relationship models to identify relationships between the 
data held in the various databases. These models, when available, help the data 
analyst know what data is related to each other, which ultimately assists you in 
creating queries and joints.

Entity Relationship Models
Entity relationship models give the data governance team a bird’s eye view into the 
systems with data so they can more easily apply data classifications and provide 
valuable information to the teams that are required to protect and store this data. 
There are three basic model types: conceptual, logical, and physical.

•	 A conceptual data model is the conceptual view of what should exist in a data 
system and how it could be related.

•	 A logical data model is a more detailed view of the conceptual model that 
includes data fields and the relationships between them.

•	 A physical data model is the actual data system with tables, relationships, 
fields, and attributes.

Specific data governance teams are responsible for obtaining the physical data 
models, typically software, that the organization will use.

An entity relationship diagram is the pictorial representation of a database model 
that shows how entities (like people or objects) relate to each other through the 
data.

We can use Lucidchart, a diagramming software that allows us to create entity 
relationship diagrams, to look at an example. This is a basic diagram of The Digital 
High School Student Information System.
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Entity Relationship Diagram (UML Notation) Created in Lucidchart (www.lucidchart.com)

The Unified Modeling Language (UML) is a general development and modeling 
language in software and database engineering. This would be a physical model, as 
it describes the exact layout of this database.

Record Linkage Restrictions
Record linkage, also known as data linkage, is the process of identifying, matching, 
and merging records that correspond to a matching record, whether between 
several data sets or within one data set. We link these records from each data set 
based on the identifiers they share. Let’s imagine we have a student record for 
Sally Jones. Sally’s record exists in multiple systems; there’s information related to 
her enrollment, her test scores, and other student-related information. We use the 
process of data linkage to link all her records, when necessary, into a single data set 
that will then provide us with a full picture of her student information. 

There are some instances in which our data systems cannot ever be related to 
each other due to organizational policies. These cases are known as record link 
restrictions, and they are set due to regulations intended to protect data sets with 
sensitive information. For example, suppose a health technology organization has a 
data system that handles customer notifications for new products and services that 
are designed to help customers stay on top of their health. The organization also 
has a system that contains PHI and medical records for each customer. To reduce 
the risk of anyone being able to associate the individuals in both systems, a record 
link restriction has likely been set to ensure these two systems are never able to 
communicate. 

Data Constraints
Data integrity is the existence of accurate and consistent data in the database, and 
it can be maintained by data constraints. Data constraints are integrity rules that 
limit the types of data that can go into a column or table within a database system. 
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There are four types of data integrity rules.

•	 Domain integrity is the acceptable values for a field. For example, the 
appropriate data type is a data constraint. Suppose the data should be numbers 
and not text. If the data type is defined as numbers, the field will not allow text.

•	 Entity integrity is the unique identifier of a record as defined using a primary 
key field. For example, if the primary key field cannot allow a null value, this is a 
constraint that ensures all records can be uniquely identified.

•	 Referential integrity refers to the integrity of data between two tables, as we 
covered earlier in this course. A constraint would ensure the data follows the 
proper rules for adding, updating, and deleting records. For example, this type 
of integrity prevents the creation of a payroll record for a person who’s not an 
employee. It uses the key (primary and/or foreign) to establish the relationship 
that requires the person to exist before being entered into the payroll system.

•	 User-defined integrity is based on business rules that are not covered by the 
other data integrity settings. These types of integrity use logic that goes beyond 
just a setting to constrain to a data type or format. For example, suppose 
an organization has products in their system that do not have a specified 
color because they are multicolor. When the data entry occurs, logic can be 
defined that when these products are entered, the field for color will default to 
multicolor. The data entry person doesn’t have to attempt to guess what color 
option to apply, nor do they even have to spend time keying that information in. 
This ensures that we have exactly the right information expected in that field.

The goal of constraints overall is to provide high-quality data, which means it is 
correct and entered in accurately. While constraint sounds like a negative, in most 
cases it is a must for data integrity.
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9

Review Activity: 
Entity Relationship Requirements

Answer the following questions:

1.	 What are the three basic types of entity relationship models?

2.	 What is the definition of an entity relationship diagram?

3.	 What is set to ensure two systems are never able to communicate?

4.	 What are data constraints?

5.	 Data constraints can occur at what level?
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6

Lesson 16
Summary

In this lesson, you learned that data governance is a large umbrella term for a 
framework used to govern data in an organization, and it covers the technology, 
people, and processes involved. You should now be able to summarize the various 
roles and jurisdictions that are part of the data governance process, and have 
gained a deeper understanding of the types of regulations that organizations must 
comply with. You should be familiar with the three common data classifications: 
public, sensitive, and confidential. You should be able to summarize the most 
common data use agreements and recognize that you must always be granted 
approval before the release of any data. You should be able to describe the need 
and use for data retention and destruction. You should have a better understanding 
of data security protocols, like data encryption, and be able to summarize the high 
levels of data processing. You should be able to describe what data masking and 
de-identification means and understand why it’s especially important when working 
with PII. You should be familiar with the varying types of permissions on data: read, 
read/write, role based, and user group. You should also be able to differentiate 
between shared drives, cloud drives, and local drives. You should be able to explain 
the use of entity relationship diagrams, as well as the concepts of record linkage 
and data constraints.

Guidelines in Understanding the Importance of Data Governance

Consider these best practices and guidelines when familiarizing yourself with data 
governance plans.

1.	 A strong data governance plan has transparency, accountability, and 
standardization.

2.	 Data has a lifecycle. It’s created, stored, used, archived, and deleted.

3.	 Regulations apply to different organizations depending on the type or 
organization and what they produce.

4.	 The disclosure of public data would not affect the organization, but the 
disclosure of sensitive data would cause harm, and the disclosure of 
confidential data would cause considerable harm.

5.	 A data use agreement is an agreement between two parties about the 
exchange of data that specifies what data will be shared and how that data 
can be used.

6.	 Data retention requirements and the required level of destruction is closely 
linked to its classification.

7.	 Encryption ensures that sensitive data is not exposed while in transit.

8.	 De-identification is the process of removing fields that can be used to identify 
an individual or information that must remain anonymous, while masking is 
showing something else in its place.
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9.	 A data breach occurs when information is read, modified, or deleted without 
authorization, and it can have severe consequences for all parties involved. 

10.	 Local drives are often discouraged, as they require backup in case your 
machine becomes unusable and do not allow you to give others permission to 
view your work.

11.	 An entity relationship diagram is the pictorial representation of a database 
model that shows how “entities” (like people or objects) relate to each other 
through the data.

12.	 Some data systems cannot ever be related to each other; this is a case of 
record link restrictions.

13.	 Data constraints are limitations on what can be done with the data, and they 
can occur at a system-to-system level, record level, or field level.

Practice Questions: Additional practice questions are available on the CompTIA  
Learning Center.
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Lesson 17
Applying Quality Control to Data

LESSON INTRODUCTION
Have you ever heard the phrase “garbage in, garbage out”? In the world of data 
analysis, the use of proper data validation methods can turn some of that “garbage 
in” into “one person’s trash is another’s person’s treasure.” Quality data leads 
to quality reporting. A report would be problematic if the data was inaccurate, 
incomplete, or inconsistent. In this lesson, we will describe the quality assurance 
process and explain the reasons we check for data quality. We will learn how to 
understand data quality metrics and walk through different methods to verify and 
validate the data that we provide for reporting.

Lesson Objectives
In this lesson, you will do the following:

•	 Describe characteristics, rules, and metrics of data quality.

•	 Identify reasons to quality check data and methods of validation.
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Topic 17A
Describe Characteristics, Rules, and 
Metrics of Data Quality

EXAM OBJECTIVES COVERED
5.2 Given a scenario, apply data quality control concepts.

As an analyst, you will most certainly encounter data that doesn’t have the level of 
quality that gives you comfort in presenting results. This is an unfortunate fact of 
life for a data analyst. In this lesson, we will discover quality assurance, quality data, 
and methods to validate and verify the information so that all can be confident in 
the results.

Reasons to Check Data Quality
There are times where data is just bad. It could be bad due to human error, a bad 
database design, or just something that went awry in the process of getting the data 
from the system to the point of analysis. All data that you work with on a project 
needs validation and verification throughout the entire project.

•	 Data validation is the process of confirming the type, structure, and accurate 
representation of the data. An email address is a great example to use for 
validation: an email address always has an “@” symbol and usually ends with a 
“.com,” “.net,” or another variation, all of which can be easily validated with a few 
logical tests to confirm that the data is valid. If the email address is in the wrong 
format, then that data is not valid.

•	 Data verification is the process of confirming that the data is accurate or true. 
For example, suppose we have a value in the product price field that is listed at 
$50, but all of the other products are listed at $10. The fact that this product is 
five times higher than the others signals that we should verify the $50 product 
price is correct, because human error could’ve occurred when it was entered into 
the system.

Imagine that spreadsheets of data are extracts from various systems that need 
to be consolidated and transferred into a single data set. The spreadsheets are 
maintained by various people and departments, with different standards on how 
the data is entered and maintained. In this scenario, the analyst should check for 
data completeness, accuracy, and consistency to ensure the quality of the acquired 
data. Data quality checks are critical when data is acquired from other sources.

In the business setting, several situations necessitate the need for data verification 
and validation checks:

•	 Mergers and acquisitions—When companies merge, or one company 
acquires another, data from multiple organizations is combined. The involved 
organizations may have some of the same systems, but their data will eventually 
all need to be migrated to the same organizational data system. It’s important 
to note that when two large organizations merge, they might have different 
standards developed for their data prior to the merge of the data sets. You will 
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want to ensure that the data meets the correct structure and type (validation) 
and is correct (verification).

•	 Data manipulation—When data is manually keyed into a system, or manually 
changed by hand, there is the opportunity for human error. This data needs 
verification and possibly also validation, depending on the fields used. For 
example, you may need to confirm that records for email addresses and postal 
codes meet the requirements for this data (validation).

•	 Data transformations—Any transformations that are performed should always 
include a process for quality checks to ensure the data transformations worked 
as intended. As an example, in Power Query, the replace text command is case 
sensitive. If the data analyst doesn’t write the transformation to include the 
correct case, then even if the text is the same, the program will not know to 
transform it.

•	 Human error—Any situation in which human error may have occurred 
necessitates quality checks for a multitude of reasons. People may key in the 
wrong information or build an invalid calculation using incorrect numbers. They 
could also have joined data improperly—a mistake that is difficult to detect in a 
large data set without diligence. These errors would be difficult to catch without 
checking for data quality.

•	 Data transfers—The transfer of data between systems is another common 
reason for quality checks. The data analyst will want to ensure that data 
transfers correctly from one system into the other system. When data flows from 
one system to the next, it’s important to verify that the data actually made it to 
the intended destination. For example, suppose you are using Microsoft Power 
Automate to flow data from a SharePoint list into the database. To create these 
flows, different conditions are set that determine when to transfer the data. If 
a condition is not set properly, or if someone breaks the rules of a condition, 
then the information may not flow through as intended, leading to missing 
information that should be in the system. The opposite could also occur, where 
information that should not be in the system actually did flow through because a 
condition was not properly specified.

Understanding Quality 
Quality assurance (QA) is the process of ensuring that the data used in analysis 
is of a high enough quality that it gives decision makers confidence in the findings. 
QA is often referred to as “data cleaning.” As a data analyst, you will develop a 
data quality plan when approaching a data project that includes how to handle 
impossible and missing values, validation, and verification. Quality data can be 
defined as data that has integrity and is accurate, complete, and consistent. 

•	 Data completeness means that the data is complete and that all expected and 
required fields are entered. For example, if the data set contains first name, last 
name, and email addresses, does every record have each one of these fields 
completed? If not, this issue should be further investigated to determine if a 
quality source of this missing information exists and can be used to correct the 
missing data.

•	 Data accuracy means that the data in the field is correct and accurate. Imagine 
that we combined two data sets of products for a company. Although the 
products are the same, the product names may not exactly match because they 
were entered in differently. Recall from an earlier lesson our example of an 
organization renaming the Red Valley Bike to Vibrant Valley Bike. For the most 
accuracy, every occurrence of Red Valley Bike should be updated to reflect the 
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correct name. There may be a few reports that would be an exception, where 
the original name should still remain, but overall the existence of Red Valley 
Bike could indicate that not all systems were updated with the new bike name. 
If there are no quality checks, we can get bad groupings on our data (i.e., two 
distinct products with sales for each, even though they are the same product just 
renamed) or just invalid data altogether. 

•	 Data consistency means that the data is consistently entered the same way 
and as intended based on business rules. As an example, the staffing data 
of a healthcare facility contains the credentials of nurses and doctors. These 
credentials could be entered inconsistently (e.g., MD vs. M.D.; PhD vs. PHD; Lpn 
vs. LPN). If they have not been entered consistently, the data analyst should 
apply data cleaning and transformation techniques to correct them and make 
them consistent with the required standard for that organization.

These are simple examples, but rest assured that there are many varying 
opportunities for the data analyst to perform quality assurance. Human beings 
completing forms may not be thinking about the impacts to the data and 
reporting; they are most likely focused on getting to the next field, or completing 
the entry of the information so they can move on to whatever they have coming 
next in their day.

It is important to understand that data can have multiple data quality issues. It can be 
inaccurate, inconsistent, and incomplete all at once.

Rules and Metrics for Data Quality
If a data governance team exists at your organization, they will likely determine 
the list of rules and metrics for quality standards. These rules and metrics serve as 
key performance indicators (KPI) to evaluate data quality and monitor progress. 
Regardless of the existence of data governance and quality standards, as a data 
analyst you will want to always ensure your data is high quality. You want to report 
with confidence, and the people you report to will look to you for that confidence in 
the data.

As a data analyst, you don’t always have control over the systems that provide 
data. Thus, achieving a 100% quality rating for any data requires internal support 
and measures within the organization. You can identify metrics that can be used to 
set measurable goals for data quality based on the needs of an organization. For 
example, suppose an organization wants to achieve a high level of data quality for 
sales contacts established for accounts, as well as their emails, a critical means of 
communication. The company sets a 95% quality rating as a metric for these fields. 
Other crucial data captured about sales contacts may include physical location, but 
this field is of lesser importance, so a quality rating of 80% is set as the goal. These 
fields are available to be analyzed, and you can count them and provide percentages.

Creating rules about the data is also a key part of ensuring quality; this can be 
internal to the system design or through a process. Continuing with our example of 
data involving sales contacts, suppose the organization establishes a business rule 
that the names of sales contacts must contain a first name and last name, must be 
complete (not left blank), and must contain a single space between them. A quality 
check can be performed to test that these rules have been followed by verifying 
that the first and last name fields contain a value (e.g., are not null) and that they 
contain a single space when combined. Both tests would fail if data was missing.

Emails could also be tested for null information and to confirm that they contain 
a “.” followed by an appropriate value for an email address (e.g., .com or .net). For 
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physical location, data can be tested for completeness and whether it conforms 
to rules such as two-letter abbreviations for states. Failure to meet these quality 
standards triggers a process to complete or correct these fields, with the level of 
effort directly related to the metrics (e.g., quality rating percentages) set.

In addition to assessing the quality of the data itself, evaluating data processes 
is also important for an organization. These processes may be incomplete or not 
followed, leading to quality issues. As a data analyst, consider asking two questions 
about data that does not pass quality checks:

1.	 Was the entry bad?

2.	 Did the data itself not conform to the rules?

As an example, a person may type out the entire state name for the location of 
sales contacts rather than use the state’s abbreviation if the data system does 
not have constraints to restrict the entry. Alternatively, the person may not have 
followed the proper procedures for entering the state’s name into the system.

Conformity and nonconformity to the required rules and procedures impact the 
quality of our data. As an analyst, you may not be able to control these procedures, 
but you can support the process. For example, your job role may involve letting 
your managers know how many rows passed through all the quality checks and 
how many rows failed to meet the standard.
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3

Review Activity: 
Characteristics, Rules, and Metrics of 
Data Quality

Answer the following questions:

1.	 What is the difference between data validation and data verification?

2.	 What are a few reasons why we might check the quality of data?

3.	 What do we call data that is accurate, complete, and consistent?

4.	 A system with a state field that always lists states as an abbreviated 
value and in proper case has what?

5.	 What are used to set measurable goals for data quality based on the 
needs of an organization?
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Topic 17B
Identify Reasons to Quality Check 
Data and Methods of Data Validation

EXAM OBJECTIVES COVERED
5.2 Given a scenario, apply data quality control concepts.

Data validation and verification are important parts of the quality assurance 
process that help us ensure data meets quality standards, meets the business 
requirements, and can be trusted for decision-making. Whether you use tools to 
support the validation of data or manual methods, the data quality (or lack thereof) 
will impact all data analysis. Data analysts should not only validate but also verify 
the quality of data that they work with, because whenever data is manipulated or 
manually entered there is the potential for human error. Data analysts can benefit 
from developing a checklist for assessing data quality. Tasks such as data profiling, 
data audits, checking calculations, and checking visuals are key components of 
quality control that the data analyst regularly performs.

Data Validation Methods
Validating data is important throughout all stages of the process or project. When 
performing quality checks on all the data and visuals you produce and work with as 
an analyst, a checklist can help you keep track of what’s been done (and what still 
needs to be done). Here, we cover some of the tasks commonly performed while 
validating data.

Data Profiling 

Data profiling (introduced in an earlier lesson) prior to working with a data set 
provides reasonable expectations about the data and valuable information for 
checking your work. Some critical information to know includes total record counts 
and the total amounts of all summed data. For example, after data profiling, if you 
expect five million dollars in revenue, then a result of 10 million should immediately 
indicate a problem, either with your math or in the joining of the data with other 
sets. Knowing how many records you have when loading them from one system to 
another is another simple yet imperative method for validating your data.

Cross Validation

In research where the findings can have a profound impact on a process or 
program, there are several methods you might use to conduct cross validation. As 
a data analyst, you will want to look at the data collection methods. Was this data 
collected from a survey and/or a live interviewer via the phone? Did the questions 
in either method contain any bias, and were the questions consistent across both 
collection methods? Validating the collection of the data is one way to ensure you 
have quality data from both sets. It can be as simple as confirming that what you 
see in all systems regarding that data and information is the same.
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Peer Review

Peer review can be critical for data projects. This is a practical way to gain feedback 
on the data product before it is published or goes live. Peer review can be as simple 
as having someone walk through your presentation and provide suggestions for 
improvement or as complex as running a deep review to test if your results are 
repeatable and accurate.

Data Audits

When an organization has a strong data governance plan in place, you may find 
they leverage data audits. A data audit is the process of not only assessing data 
quality, but also whether the data can achieve a specific purpose or objective. For 
example, if the goal is to report on invoices that have been generated over the 
last five years, the data audit would include confirming that you have five years 
of data and that this data meets the requirements that have been set for the 
report. Although data audits are a great way to ensure quality, this is not a method 
you will find in every organization.

Automated Validation
Automated validation is when we utilize the power of software to ensure we 
achieve a validated result. Let’s return to our previous example of email addresses 
to see how automated validation works. When a person attempts to input a bad 
email address into a field, automated validation can prevent that email address 
from ever being saved if it doesn’t meet the standards of the email field. Automated 
validation can also ensure that phone numbers or dates are entered in the right 
format. By ensuring that the data in these fields was entered correctly from the 
very beginning, this will reduce the amount of verification you must conduct on 
these fields at a later time. In essence, if you know that there’s no possibility a date 
of birth might use an invalid date format, thanks to automated validation, you will 
have more confidence that you are working with validated field data. It is important 
to note that automated validation doesn’t entirely prevent verification issues. For 
example, someone could key in a birth date in the correct format, but with a bad 
date, like 1/1/1900 instead of 1/1/1990.

There are software tools dedicated to helping organizations validate their 
data. These tools use processes that look at groups of records and confirm the 
completeness by creating a master record. (You’ll learn more about master data 
management in the next lesson.) Data validation software tools can be set up to 
provide automated reporting about data processes. For example, reports can be 
generated to confirm what data was transferred from the source system to the 
data warehouse. Data validation tools will let you know how many records passed 
through successfully and also how many failed to go through. These reports will 
also often provide reasons why records may have failed to transfer that can give 
meaningful insight into how to solve the failure. Can you imagine the process of 
loading millions of records without automated validation? It would be very time 
consuming and prone to errors.

Let’s walk through an example of how data validation tools help ensure data 
quality. To support an older company that has recently adopted a new customer 
relationship management (CRM) software, you are tasked with ensuring that all 
the historical invoices are loaded into the CRM. The system requires data on all 
accounts, contacts, products, and invoices. You will not manually enter these 
records, but will use an API that is built to work with the CRM. You create various 
exports of all the necessary data sets and load them into the system. Because the 
older CRM system did not have any controls on the account names, you anticipate 
some duplicated accounts. The automated validation in the new CRM system 
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provides a list of potential duplicates and allows you to merge these fields with no 
issues, giving a higher quality data set. Automated validation also would allow you 
to check for data loss. When you load information into the new CRM system, if you 
expected to see an account and failed to find it, the system could provide a list of 
the invoices that could not load because of missing values.

Data Verification Methods
As you now know, verification is the process of confirming that data is accurate. The 
lines between verification and validation can be blurred, and in some cases both are 
in order for the data you might be working with. There are some verification steps 
you should perform on all data sets.

Verifying Field Level Data

Field level data can be incorrect for many reasons. It sounds simple, but verifying 
field data can become complicated very quickly when you have a large amount of 
data. Looking for data that seems to be outside the norm, or having a discussion 
with the team that is responsible for that data, can add clarity and help you verify 
the data. When field data is incorrect, we can attempt to provide a verified value if 
needed. This process is strongly dependent on whether you have information that 
can be used to verify the data and thus provide the correct information.

Verifying Record Counts

Data loss is the intentional or accidental loss of information through human error 
or an ineffective process. Data loss occurs when records are lost, are incomplete, 
are poorly named, or may have accidentally dropped out.

A discrepancy between data types in the source system and the system where data 
is transferred can also result in missing data. If the date field in the source system 
is a text data type, but the system where the data is headed contains an actual 
date field, data loss will occur if you do not convert the date field to a recognizable 
format—or all the records might fail when you attempt to load them.

When you know your data, the people in your organization, and the quality 
standards for data, you can build quality check queries that check for null values or 
information that is missing.

Verifying Calculations

The mathematical equations within the programs we use as analysts are nothing 
short of amazing. They perform complicated computations that require little more 
from us than correctly inputting the right values into a formula. However, we can 
introduce errors by making mathematical mistakes or using the wrong equations. 
It is always important to verify calculations, such as spot-checking for the intended 
outcome and that the correct information was supplied to formulas and equations.

Verifying Visuals

You must always confirm that visuals are labeled correctly and meet business 
requirements, and that data is sorted effectively for the visual. You should also 
confirm that your visuals make sense to users. As an example, suppose your visual 
is titled “Top 5 Products.” You should make sure that this visual does indeed show 
the top five products, and not the bottom five. Also, you should always look for 
spelling errors in your visual titles, labels, and text. You will also want to confirm 
that colors are consistent across visuals, meaning if you used purple to refer 
to “graduate degree,” you must ensure that purple references graduate degree 
throughout the project.
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7

Review Activity: 
Reasons to Quality Check Data and 
Methods of Data Validation

Answer the following questions:

1.	 What process involves validating that the data can achieve the specific 
purpose of an objective?

2.	 What are at least two examples of how automated validation helps us 
achieve a validated result?

3.	 If data fails to transfer from the source system to another, what would 
we say has occurred?
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Lesson 17
Summary

After this lesson, you should understand that quality data leads to quality 
reporting. As a data analyst, you will spend large amounts of time validating and 
verifying the data that you work with throughout a project, and should be familiar 
with the reasons why we perform these actions. You should understand how 
data completeness, data accuracy, and data consistency contribute to the quality 
of data. You should be familiar with common data validation methods, such as 
data profiling, peer review, and cross validation. You should also be familiar with 
the steps taken to verify data, including verifying field level data, record counts, 
calculations, and visuals.

Guidelines in Applying Quality Control to Data

Consider these best practices and guidelines when familiarizing yourself with what 
makes quality data and how we can validate and verify data.

1.	 Data validation is the process of validating that the data meets 
standards, made it to the systems in which it belongs, and overall meets the 
business requirements for what it’s intended to accomplish.

2.	 Data verification is the process of confirming the type, structure, and accurate 
representation of the data.

3.	 Quality data can be defined as data that has integrity, or data that 
is accurate, complete, and consistent.

4.	 Data quality checks are a routine part of the data analyst’s job, and should be 
performed on all data.

5.	 When data is manipulated by individuals, there is always an opportunity 
for human error.

6.	 Any data transformations that are performed should include a process for 
quality checks, to ensure the data transformations worked as intended.

7.	 The data governance team of your organization will determine the list of rules 
and metrics for quality standards. These rules and metrics serve as KPIs to 
evaluate data quality and monitor progress.

8.	 Data profiling prior to working with a data set provides reasonable 
expectations about the data and valuable information for checking your work.

9.	 Some organizations have a data audit process in place to ensure data achieves 
its purpose, but regardless of whether a separate data audit is implemented, 
you must still always check for quality. 
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10.	 The use of software to ensure we achieve a validated result allows us to load 
millions of records quickly and accurately, something that if done manually 
would be extremely time consuming and prone to errors.

11.	 It is important to verify records because data loss occurs when records are 
lost, are incomplete, are poorly named, or may have accidentally dropped out.

12.	 It is always important to double-check calculations, such as spot-checking the 
intended outcome and that the correct information was supplied to formulas 
and equations.

Practice Questions: Additional practice questions are available on the CompTIA  
Learning Center.
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Lesson 18
Explaining Master Data Management 
Concepts

LESSON INTRODUCTION
Master data management is key to data quality, as it enables the existence of 
a single source of truth at an organization. Master data management at large 
organizations with compliance regulations is traditionally supported through data 
governance and the use of dedicated software.

Lesson Objectives
In this lesson, you will do the following:

•	 Explain the basics of master data management.

•	 Describe master data management processes.
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Topic 18A
Explain the Basics of Master Data 
Management

EXAM OBJECTIVES COVERED
5.3 Explain master data management (MDM) concepts.

Regardless of the size of an organization, there are multiple reasons for master 
data management. Data quality and integrity are something that all organizations 
want for their data and their reporting. New systems and legacy systems support 
the organization with the same type of data, and having a known source of master 
data can ensure that we are working with accurate data. 

Master Data Management
Master data is important data about general business operations that is used 
frequently in analysis. It is shared by people across the organization to make critical 
decisions. Master data changes less frequently and is intended for dimension data, 
not transactional data. Although master data may vary by organization, here are 
some common types:

•	 Customers

•	 Products

•	 Suppliers

•	 Accounts

•	 Employees

•	 Locations

•	 Assets

•	 Reference data (countries, states, status types)

Master data is likely a part of an organization’s data governance initiative. Master 
data management includes tools and processes that are used to create the single 
source of truth, or the “golden record” for the data that is considered critical at the 
organization. Master data management is really the management of the “master 
file.” Whether or not a company has adopted a large-scale software, like Informatica 
or Relatio, for master data management, they likely have a source that everyone 
uses as the “master” source of information.

Having a single source of truth is important for all general business operations 
and for effectively analyzing and communicating information. Consider something 
as simple as project names. Suppose marketing, HR, and sales all use different 
naming conventions for a project. When the analyst creates a report that combines 
information from all three departments, the same project could have three 
different names. Master data management would aim to solve this issue by creating 
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a golden record of project names, helping to avoid confusion about which project is 
being referenced and ensuring consistent data.

Organizations that have implemented master data management will have policies 
to help maintain master data so that it is accurate and up to date. Consider the 
data that an organization may have regarding the sales pipeline. Suppose that 
the company maintains a list of prospective customers that the sales team hopes 
to convert to paying customers. The policies and procedures of master data 
management will define when a customer in the sales pipeline should be added to 
the master data. These policies also outline how any changes to the master data 
should be handled. For example, if a customer’s address changes, master data 
management policies help ensure that the master data is updated with the new 
address so that the entire organization has access to the correct address for all 
forms and documents related to that customer.

Organizations vary in their master data management efforts. Some organizations may 
not have any initiatives in place related to master data. Other companies will have 
policies and procedures related to master data management, but the process is handled 
manually without the the use of tools and software. Large-scale organizations are more 
likely to use some form of software for master data management, because there is just 
too much data to effectively manage using manual approaches.

Benefits of Master Data Management
One of the biggest benefits of master data management is that it improves 
data quality and data integrity. Master data management and data governance 
initiatives help ensure that data is managed by a set of rules and procedures. 
Having a single source of truth and a process for managing data helps safeguard 
against inconsistencies or inaccuracies in the data. For example, if master data 
management is in place, the data analyst can be more confident that a customer 
name in the system in fact represents an actual customer, because it has met the 
rules of the master data management policy. Master data management ensures 
everyone in the organization is working with data that is accurate and vetted.

When master data management is a part of the organization’s operations, it 
supports all organizational functions by streamlining access to data and shortening 
the time to data-driven actions. The master data management process allows people 
to access high-quality data that is most likely in a suitable format for reporting and 
visualization. In addition, when new systems are introduced to an organization, they 
can automatically be populated with high-quality lists of master data.

Reasons for Master Data Management
Master data management is part of an organization’s data governance initiatives. 
As a refresher, data governance lays out the rules of handling data and how entities 
should ensure those rules are followed. Data governance includes policies and 
procedures for how data is managed and maintained, including procedures to 
ensure data security. Compliance with these policies and regulations requires rules 
that are applied at the macro level (e.g., internet communications, interstate and 
international digital financial transactions) and at the micro level (e.g., within an 
organization, between organizations).

Data governance initiatives encompass the people of an organization and the 
technology needed to support their efforts. Successful data governance relies 
on documenting data handling policies and evolving these policies as needed 
according to influences from technology or regulations. Systems that involve people 
and technology are in place to ensure the policies are understood and executed to 
maintain data and data security.
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Data governance and master data management combined can help organizations 
in a number of circumstances. Master data management helps support the transfer 
of data from older systems (often referred to as legacy systems) to newer, more 
advanced systems. Strong master data management is also beneficial during 
mergers and acquisitions. When a business merges with or acquires another 
company, the master data of each organization will also need to be merged. 
Although businesses in the same industry (e.g., finance) may use some common 
terms and practices, each company will have a unique approach for handling and 
referencing their data. Just a few possible differences include the term customers 
versus clients or using two-letter abbreviations for states versus spelling the whole 
state name out in a field. Master data management plays a key role in addressing 
these discrepancies and integrating data during mergers and acquisitions.

Master data management also supports compliance with regulatory mandates like 
HIPAA, GDPR, and SOX by helping to identify the personal data that is collected 
and letting us know where this data is being used, which is critical for maintaining 
proper security of PII. Companies that are required to house personal data must 
be able to adequately identify that all personal data is maintained and secured. In 
some cases, they must also be able to destroy personal data upon request. Master 
data management supports the effort to maintain this data effectively, and on a 
large scale.

Organizations vary in their master data management efforts. Some organizations may 
not have any initiatives in place related to master data. Other companies will have 
policies and procedures related to master data management, but the process is handled 
manually without the use of tools and software. Large-scale organizations are more 
likely to use some form of software for master data management, because there is just 
too much data to effectively manage using manual approaches.

Master Data Management vs. Data Warehouse
Master data management software may seem similar in nature to a data 
warehouse, because both are meant to give us a single source of truth. However, 
although they are meant to work together, they are in fact two different tools.

Master data management software and the data warehouse both hold data that 
can be used by the entire organization. They both work with multiple sources of 
the data and increase data quality. However, their goals are entirely different. 
Master data management establishes a master record of data related to business 
operations. Master data maintains dimension data, whereas a data warehouse will 
hold the dimension data as controlled by the master data and the transactional 
data from the source systems. 

In simpler terms, master data management software will work with the data 
warehouse to ensure the data in the data warehouse is updated with the master 
data. The software may pull data from the data warehouse as a part of master data 
management, and then send the master data back to the warehouse. Master 
data management also helps create more accurate data in the data warehouse by 
ensuring that consolidated data is a more complete and accurate record. 
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3

Review Activity: 
The Basics of Master Data 
Management

Answer the following questions:

1.	 Master data management focuses on what type of data?

2.	 What does master data management aim to create?

3.	 What are some benefits of and reasons why organizations have master 
data management?
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4

Topic 18B
Describe Master Data Management 
Processes

EXAM OBJECTIVES COVERED
5.3 Explain master data management (MDM) concepts.

The processes involved in master data management are dictated by the data 
governance team and often managed using the required settings in the software 
that is selected for master data management (if in use). There are some common 
scenarios to expect when trying to achieve the “golden record” for any data set. 
Consolidation of data and standardization of fields are two key processes to help 
create a single source of truth. Data dictionaries are another important tool related 
to master data management, serving as useful repositories that capture data within 
the organization.

Consolidation of Multiple Data Fields
Master data management requires the consolidation of multiple fields of 
information. This is one way to establish a single, reliable source of truth. Master 
data management software can help enable the consolidation of data from multiple 
systems to create one record of trust. Consider customer data from accounting, 
CRM, and production software systems, as shown in the next screenshot. The 
master data management software will combine the data from all three systems to 
create a single record.

Consolidation of the Records in Three Systems to Create a Single Master Record
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The master data management software uses the data from all three records—the 
CRM software, accounting software, and production software—to form a master 
record that represents the data for this one customer.

Field Standardization
Standardizing fields of data can be advantageous for many reasons, particularly 
when working with different systems that house the same information, or in the 
case of an acquisition or merger. When you report on data that has not been 
standardized, a fair amount of transformation and cleaning will be dedicated to that 
process. Field standardization can be a very efficient and effective way to reduce 
these efforts.

As shown in the screenshot, the standardization process involves making changes 
to the data, such as transforming all data for states to two-letter, uppercase 
abbreviations and using a consistent format for postal codes.

Standardizing Fields of Data Using Master Data Management

The city, state, and postal code fields are formatted differently in these three 
different software systems. The master data management software standardizes 
these fields.

Data Dictionary
The master data dictionary is a critical part of master data management and a 
valuable resource for the data analyst. This document can serve as the authority 
on all definitions that have been agreed upon for the organization, as well as key 
metrics. In general, any type of data dictionary is a valuable resource document 
for the data analyst. The data dictionary may contain all the information related to 
an organization’s data, or it can be specific to a single database or software. It will 
likely contain data elements and their definitions and field attributes, along with the 
relationships and structure of the data.

The data dictionary is a living tool—as definitions change or new data systems are 
added to the organization, they become a part of the data dictionary. When no data 
dictionary exists, the analyst will need to manually identify this information to verify 
that their work is correct. Systems that are large and complex can be deceiving to a 
data analyst when they are discovering what’s available to them through the back 
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end of a system. Having a complete data dictionary helps to increase their ability to 
find the appropriate fields and tables and to understand the relationships needed 
to build their required data sets.

Data dictionaries can be created by hand or generated by tools that work with 
databases. The simplest form of a data dictionary can still be a powerful asset in the 
hands of the data analyst.

Microsoft Access Documenter Tool (Used with permission from Microsoft.)

Even tools intended for lightweight databases, like Microsoft Access, often have the 
ability to generate basic data dictionary-type information. This screenshot provides 
information on the columns of a particular table, shows a layout of the tables, and 
defines relationships. This is information that you might find in a data dictionary.
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5

Review Activity: 
Master Data Management Processes

Answer the following questions:

1.	 In master data management, what process is used to match the records 
in different systems to create one record of trust?

2.	 What two processes will likely need to be performed on data for a report 
that is not standardized through master data management?

3.	 What resource contains all the master definitions of data within the 
organization?
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Lesson 18
Summary

After this lesson, you will have an understanding of why master data management 
is key to data quality and how it provides a single source of truth at an organization. 
You will be able to describe how master data management at large organizations is 
supported through data governance and software. You should be able to describe 
why the consolidation and standardization of data can be advantageous when 
working with different systems that house the same information or in the case 
of an acquisition or merger. You should also understand that a data dictionary is 
a valuable resource document that contains all the definitions and information 
related to an organization’s data.

Guidelines in Understanding Master Data Management

Consider these best practices and guidelines when familiarizing yourself with the 
basics and processes of master data management.

1.	 Master data changes infrequently and is dimension data, not transactional.

2.	 Master data management uses software to create a single source of truth in 
the form of a complete record for data that is critical to an organization.

3.	 Master data management is a part of the overall data governance initiatives at 
an organization.

4.	 Master data management software works with the data warehouse to provide 
data that is complete and accurate.

5.	 There will be varying levels of master data management at an organization 
based on the compliance and regulation requirements.

6.	 Master data management involves consolidating data to create a truly 
complete record from multiple sources.

7.	 Field standardization can be a very efficient and effective way to reduce 
transformation and cleaning efforts. 

8.	 The master data dictionary is an authoritative document that defines all 
master data and key metrics at an organization.

9.	 The data dictionary is an essential resource for the data analyst and typically 
contains data elements and their definitions and field attributes, along with 
the relationships and structure of the data.

Practice Questions: Additional practice questions are available on the CompTIA  
Learning Center.
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Appendix A
Identifying Common Data  
Analytics Tools

EXAM OBJECTIVES COVERED
3.4 Identify common data analytics tools.

Appendix Introduction
Data analysts encounter all types of data sets, from databases to flat files. In order 
to analyze these varying types of data, we need a toolbox. A data analyst can apply 
data concepts to any data set, and most tools can be used to accomplish many 
different goals. However, the way each tool operates depends on how that tool 
was developed.

There are all sorts of tools. Some are a language used to work with data, others are 
dedicated to statistical analysis, and still others are part of a platform intended to 
accomplish a multitude of tasks. 

As a data analyst, you may work with any number of tools. It’s not necessary for 
you to learn how to execute every function within every tool, but it is important to 
understand what type of function you need and how that tool performs it. What’s 
paramount is that you recognize which tools are commonly used in the analyst’s 
world, and why.

Proprietary and Open Source Languages
Each language is different, but they are all uniquely used to deal with data. There 
are different ways to interact with these languages; you may directly code these 
languages, or you may work with software that leverages them. Before we dig into 
more specifics, it’s important to understand the difference between open source 
and proprietary. Open source is freely open for people to use, and proprietary is 
custom to the vendor. 

Both proprietary and open source languages allow us to work with large data sets, 
apply transformations, code graphical outcomes, and perform statistical analysis. 
Just like any language, there are variations in the open source languages used 
in data analysis. For example, when working within a Microsoft product, you’re 
actually using Transact-SQL (TSQL), which is a Microsoft and Sybase proprietary  
extension of SQL.

Open source languages allow a program to communicate with the use of 
middleware from the front to the back. Some of the most commonly used open 
source languages are as follows:

•	 SQL

•	 R

•	 Python
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Data Transformation Tools
Tools that are dedicated to data transformation allow us to easily transform our 
data in order to meet business requirements. It’s important to know which tools 
you should reach for when you need to transform data. Tools like Microsoft Excel, 
and many others, have made major expansions to support data analysts through 
routine feature development and expansions. Simple improvements, like row 
counts in Excel from 65,000 rows to one million, and additions, like Power Query 
serving both Power BI and Excel for the analysts’ work, allow us to effectively 
manage and work with data that exceeds a million rows. The addition of new 
features in Tableau, like their data prep tools, also enable us to perform more data 
preparation than with the original product.

Data transformation tools are used to mine data, explore data, expand data, link to 
other data sets, and build models. There are several data transformation tools that 
are very commonly used by data analysts.

•	 Microsoft Excel

•	 Tableau Prep

•	 Microsoft Power BI

•	 Rapid Miner

Visualization Tools
Tools that are dedicated to building dashboard representations of data allow us 
to visualize our data. Any of the tools covered here can be used for this purpose; it 
doesn’t matter which tool you select.

Tools that allow us to visually represent data all share common visual elements, 
such as charts, graphs, tables, and filters. While each tool has its own strengths, it 
ultimately doesn’t matter what tool is selected. Data analysts are typically required 
to use the software packages that the organization has purchased. Some of the 
most popular tools for data visualization include the following:

•	 Tableau

•	 Microsoft Power BI

•	 Qlik

•	 ArcGIS

•	 AWS QuickSight
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Statistical Tools
Although most data-related software involves some form of statistical analysis, like 
the Data Analysis ToolPak in Excel, using tools dedicated to performing statistical 
tests will offer more test capability and features for data preparation.

These tools offer more than just the basic statistics, but also different types of 
statistical analysis examples that include tests for parametric and nonparametric 
data, prediction and regression models, and other types of statistical analysis 
like fixed effects and mixed effects. They not only perform the statistical analysis 
outcomes but visualization. These tools are designed with statistical analysis in 
mind, and they are accepted by researchers and scholars all over for use of their 
analysis.

When there is a heavy focus on statistical analysis you will likely find tools that 
are dedicated to not only working with data but have a focus on comprehensive 
statistical tests and ease of use. Some of the most popular tools for statistical 
analysis include the following:

•	 SAS

•	 IBM SPSS

•	 IBM SPSS Modeler

•	 Stata

•	 Minitab

Paginated Reporting Tools
Before the advent of dashboards, we would find pages of reports being printed 
with lines of information for use. These reports still provide critical information 
and are not a thing of the past. However, there are tools that are dedicated to 
performing the types of reports that are to be printed over multiple pages. Reports 
that have lines of data and are not suitable for dashboarding often make their way 
to paginated reports.

These are some common tools used to work with data that is to be reported over 
multiple pages.

•	 SQL Reporting Services (SSRS)

•	 Crystal Reports

•	 Power BI Report Builder

Platform Tools
Over the years, major software vendors have determined that platforms, or suites 
of tools combined, can be extremely helpful for an organization. These offerings 
provide the ability to perform many different tasks within one suite of programs.

Platform tools allow companies to share data, create reports, build dashboards with 
organizational data, and more. It is also not uncommon for a data professional to 
work within multiple cloud platforms at their organization.
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There are many different types of platforms, and the list continues to grow. Some of 
the most popular are as follows:

•	 Business Objects

•	 MicroStrategy

•	 Apex

•	 IBM Cognos

•	 Dataroma

•	 Cloudera

•	 Alteryx

•	 Oracle Analytics

•	 Domo

•	 Microsoft Power Platform

•	 RapidMiner
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Review Activity:
Common Data Analytics Tools

Answer the following questions:

1.	 An organization that is very involved in deep research and statistical 
analysis would need the flexibility and tools provided by what type of 
software?

2.	 An organization has decided to start using dashboards to deliver real-
time information from the call center to operations. What type of 
software might the company consider using?

3.	 When a vendor owns the code and does not share it out for public use, 
what is this software called? What about software that is freely available 
for public use?

4.	 What type of software is a whole suite of (typically cloud-based) tools 
that provides many different options for an organization?
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Appendix A
Summary

While each tool that we encounter will likely specialize in a particular function, 
they will still share features with other, similar software. As a data analyst, your 
main responsibility is to understand the underlying concepts of the work you’re 
performing, regardless of the tool that will be used. When you do know what tool 
you will need to use, you will need to learn how that tool specifically handles the 
tasks you’re performing. Typically, the software, platforms, and features you will 
be required to use are those purchased by your organization. You may work with 
several types of software within the same organization.

Guidelines in Identifying Common Data Analytics Tools

Consider these best practices and guidelines when familiarizing yourself with the 
various tools you may use while fulfilling the data analyst role.

1.	 When using a tool for the first time, you should identify the tool’s specialty, so 
you can then know what scenarios it would be most appropriate for.

2.	 When you have multiple tools at your disposal, use the best one for the 
project at hand.

3.	 Remember that licensing plays a large role in the features that are available 
to any user in a software or platform, and thus you must be able to identify 
whether a software is proprietary or open source.

4.	 While there are dedicated data transformation tools, data transformation 
happens in almost every type of data-related software.

5.	 When needing to show data in the forms of graphs, charts, and maps, 
visualization tools might be your best choice for these capabilities.

6.	 When you need statistical tests that do more than you can accomplish with 
the Excel Data Analysis ToolPak, you should explore dedicated statistical tools 
which have a larger breadth of tests.

7.	 Paginated reporting tools are designed to work with data that is in list format 
with line items.

8.	 Organizations implement platform tools as a way to cover many of their 
various needs for data, like the ability to build visuals, store data, and share 
information.

Practice Questions: Additional practice questions are available on the CompTIA  
Learning Center.
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Appendix B
Mapping Course Content to  
CompTIA Data+ Certification  
(Exam DA0-001)

Achieving CompTIA Data+ certification requires candidates to pass Exam DA0-001. 
This table describes where the exam objectives for Exam DA0-001 are covered in 
this course.

1.0 Data Concepts and Environments Covered in
1.1 �Identify basic concepts of data schemas  

and dimensions.
Databases

Relational
Non-relational

Data mart/data warehousing/data lake
Online transactional processing (OLTP)
Online analytical processing (OLAP)

Schema concepts
Snowflake
Star

Slowly changing dimensions
Keep current information

       Keep historical and current  
       information

Lesson 1, Topic A
Lesson 2, Topic A
Lesson 2, Topic B

1.2 Compare and contrast different data types.
Date
Numeric
Alphanumeric
Currency
Text
Discrete vs. continuous
Categorical/dimension
Images
Audio
Video

Lesson 1, Topic B
Lesson 3, Topic A
Lesson 3, Topic B
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1.0 Data Concepts and Environments Covered in

1.3 �Compare and contrast common data structures  
and file formats.
Structures

Structured
Defined rows/columns
Key value pairs

Unstructured
Undefined fields
Machine data

Data file formats
Text/Flat file

Tab delimited
Comma delimited

JavaScript Object Notation (JSON)
Extensible Markup Language (XML)

HyperText Markup Language (HTML)

Lesson 4, Topic A
Lesson 4, Topic B
Lesson 4, Topic C

2.0 Data Mining Covered in
2.1 Explain data acquisition concepts.

Integration
Extract, transform, load (ETL)
Extract, load, transform (ELT)
Delta load
Application programming interfaces (APIs)

Data collection methods
Web scraping
Public databases
Application programming interface  
(API)/web services
Survey
Sampling

       Observation

Lesson 5, Topic A
Lesson 5, Topic B
Lesson 5, Topic C
Lesson 5, Topic D

2.2 �Identify common reasons for cleansing and  
profiling data sets.
Duplicate data
Redundant data
Missing values
Invalid data
Non-parametric data
Data outliers
Specification mismatch
Data type validation

Lesson 6, Topic A
Lesson 6, Topic B
Lesson 6, Topic C
Lesson 6, Topic D
Lesson 6, Topic E
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2.0 Data Mining Covered in

2.3 �Given a scenario, execute data manipulation  
techniques.
Recoding data

Numeric
Categorical

Derived variables
Data merge
Data blending
Concatenation
Data append
Imputation
Reduction/aggregation
Transpose
Normalize data
Parsing/string manipulation

Lesson 1, Topic B
Lesson 7, Topic A
Lesson 7, Topic B
Lesson 7, Topic C
Lesson 8, Topic A

2.4 �Explain common techniques for data manipulation 
and query optimization.
Data manipulation

Filtering
Sorting
Date functions
Logical functions
Aggregate functions

Query optimization
Parametrization
Indexing
Temporary table in the query set
Subset of records

       Execution plan

Lesson 8, Topic A
Lesson 8, Topic B

3.0 Data Analysis Covered in
3.1 �Given a scenario, apply the appropriate descriptive 

statistical methods.
Measures of central tendency

Mean
Median
Mode

Measures of dispersion
Range

Max
Min

Distribution
Variance
Standard deviation

Frequencies/percentages
Percent change
Percent difference
Confidence intervals

Lesson 9, Topic A
Lesson 9, Topic B
Lesson 9, Topic C
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3.0 Data Analysis Covered in

3.2 �Explain the purpose of inferential statistical  
methods.
t-tests
Z-score
p-values
Chi-squared
Hypothesis testing

Type I error
Type II error

Simple linear regression
Correlation

Lesson 11, Topic A
Lesson 11, Topic B
Lesson 11, Topic C

3.3 �Summarize types of analysis and key analysis 
techniques.
Process to determine type of analysis

Review/refine business questions
Determine data needs and sources to  
perform analysis
Scoping/gap analysis

Type of analysis
Trend analysis

Comparison of data over time
Performance analysis

Tracking measurements against defined goals
Basic projections to achieve goals

Exploratory data analysis
Use of descriptive statistics to determine 
observations

Link analysis
               Connection of data points or pathway

Lesson 10, Topic A
Lesson 10, Topic B

3.4 Identify common data analytics tools.
Structured Query Language (SQL)
Python
Microsoft Excel
R
Rapid mining
IBM Cognos
IBM SPSS Modeler
IBM SPSS
SAS
Tableau
Power BI
Qlik
MicroStrategy
BusinessObjects
Dataroma
Domo
AWS QuickSight
Stata
Minitab
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4.0 Visualization Covered in 
4.1 �Given a scenario, translate business requirements  

to form a report.
Data content
Filtering
Views
Date range
Frequency
Audience for report
       Distribution list

Lesson 13, Topic A
Lesson 13, Topic C
Lesson 13, Topic D
Lesson 13, Topic E

4.2 �Given a scenario, use appropriate design components 
for reports and dashboards.
Report cover page

Instructions
Summary

Observations and insights
Design elements

Color schemes
Layout
Font size and style
Key chart elements

Titles
Labels
Legends

Corporate reporting standards/style guide
Branding
Color codes
Logos/trademarks
Watermark

Documentation elements
Version number
Reference data sources
Reference dates

Report run date
Data refresh date

Frequently asked questions (FAQs)
        Appendix

Lesson 14, Topic A
Lesson 14, Topic B
Lesson 14, Topic C
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4.0 Visualization Covered in 

4.3 �Given a scenario, use appropriate methods for 
dashboard development.
Dashboard considerations

Data sources and attributes
Field definitions
Dimensions
Measures

Continuous/live data feed vs. static data
Consumer types

C-level executives
Management
External vendors/stakeholders
General public
Technical experts

Development process
Mockup/wireframe

Layout/presentation
Flow/navigation
Data story planning

Approval granted
Develop dashboard
Deploy to production

Delivery considerations
Subscription
Scheduled delivery
Interactive (drill down/roll up)

Saved searches
Filtering

Static
Web interface
Dashboard optimization

        Access permissions

Lesson 13, Topic B
Lesson 13, Topic C
Lesson 13, Topic D
Lesson 13, Topic E
Lesson 14, Topic D

4.4 �Given a scenario, apply the appropriate type  
of visualization.
Line chart
Pie chart
Bubble chart
Scatter plot
Bar chart
Histogram
Waterfall
Heat map
Geographic map
Tree map
Stacked chart
Infographic
Word cloud

Lesson 12, Topic A
Lesson 12, Topic B
Lesson 12, Topic C
Lesson 12, Topic D
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4.0 Visualization Covered in 

4.5 Compare and contrast types of reports.
Static vs. dynamic reports

Point-in-time
Real time

Ad-hoc/one-time report
Self-service/on demand
Recurring reports

Compliance reports (e.g., financial, health, and safety)
Risk and regulatory reports
Operational reports [e.g., performance, 
key performance indicators (KPIs)]

Tactical/research report

Lesson 15, Topic A
Lesson 15, Topic B

5.0 Data Governance, Quality, and Controls Covered in
5.1 Summarize important data governance concepts.

Access requirements
Role-based
User group-based
Data use agreements
Release approvals

Security requirements
Data encryption
Data transmission
De-identify data/data masking

Storage environment requirements
Shared drive vs. cloud based vs. local storage

Use requirements
Acceptable use policy
Data processing
Data deletion
Data retention

Entity relationship requirements
Record link restrictions
Data constraints
Cardinality

Data classification
Personally identifiable information (PII)
Personal health information (PHI)
Payment card industry (PCI)

Jurisdiction requirements
Impact of industry and governmental regulations

Data breach reporting
       Escalate to appropriate authority

Lesson 16, Topic A
Lesson 16, Topic B
Lesson 16, Topic C
Lesson 16, Topic D
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5.0 Data Governance, Quality, and Controls Covered in

5.2 �Given a scenario, apply data quality  
control concepts.
Circumstances to check for quality

Data acquisition/data source
Data transformation/data flow

Pass through
Conversion

Data manipulation
Final product (report/dashboard, etc.)

Automated validation
Data field to data type validation
Number of data points

Data quality dimensions
Data consistency
Data accuracy
Data completeness
Data integrity
Data attribute limitations

Data quality rule and metrics
Conformity
Non-conformity
Rows passed
Rows failed

Methods to validate quality
Cross-validation
Sample/spot check
Reasonable expectations
Data profiling

       Data audits

Lesson 17, Topic A
Lesson 17, Topic B

5.3 Explain master data management (MDM) concepts.
Processes

Consolidation of multiple data fields
Standardization of data field names
Data dictionary

Circumstances for MDM
Mergers and acquisitions
Compliance with policies and regulations

        Streamline data access

Lesson 18, Topic A
Lesson 18, Topic B
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1

acceptable use agreement An 
agreement that describes not only how 
data can be used, but also for what 
purpose

accountability When data governance 
plans are being followed and there are 
accountability measures in place

actual execution plan The actual 
process used to execute a query

ad-hoc report A report that is 
generated in response to a one-time 
request

Advanced Encryption Standard (AES) 
A Federal Information Standards (FIPS)-
approved cryptographic algorithm that 
can be used to protect electronic data

aggregate functions Functions that are 
written for all or a group of records, as 
opposed to a single record

aggregated data Data that has already 
been compiled and summarized for the 
purposes of analysis and reporting

alternative hypothesis The 
assumption that a relationship exists 
between two variables

append To combine data from one data 
set with another data set

appendix A part of the narrative that 
provides additional details related to the 
report or process that is not essential to 
the main content

application programming interface 
(API) A library of programming utilities 
used, for example, to enable software 
developers to access functions of the 
TCP/IP network stack under a particular 
operating system

ascending and descending order A 
method of sorting in which fields are 
sorted with the minimum on top (for 
ascending) or maximum on top (for 
descending)

audience The people who will be 
using the data within your reports and 
dashboards

automated validation Using the power 
of software to ensure data achieves a 
validated result

bar chart A chart that displays 
information, listing the categories on 
the y-axis and the discrete values on the 
x-axis

batch processing Processing a large 
amount of data

bubble chart A visual that plots points 
on an x-axis and y-axis similar to a scatter 
plot, but with the addition of the size of 
the dot representing a third variable

captioning Designating more 
meaningful names for fields in a report 
or dashboard

cardinality How many possible 
occurrences of one entity can be 
associated with the number of 
occurrences in another

cascade delete Referential integrity 
setting that deletes all related records 
when the primary key is deleted 

cascade update Referential integrity 
setting that updated all related records 
when the primary key is changed

causal relationship A relationship in 
which one variable is proven to have an 
effect on another

chi-square statistic A value that 
compares the size of the difference 
between the expected result and the 
actual result

chi-square test A test used to 
determine if a difference exists between 
groups; produces the chi-square statistic

cloud drives Drives that are stored on 
the “cloud”

column chart A chart that displays 
information, listing the categories on 
the x-axis and the discrete values on the 
y-axis

combination chart A chart that 
combines columns and lines to compare 
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one or more data points (columns) against 
a trend (line)

compliance report A report that must be 
run for compliance or regulatory reasons

conceptual data model The conceptual 
view of what should exist in a data system 
and how it could be related

confidence interval A calculation of 
values that describes the certainty or 
uncertainty of an estimate made on the 
analysis

continuous data A characteristic of 
quantitative data that identifies data that 
can be measured and can use any value

correlation The statistical association 
between two (or more) equal variables 
that tells us if one variable changes, the 
other(s) will too

cross validation Determining whether 
data collected across different methods is 
consistent and accurate

custom sorts Sorting when you create 
the data set to include the value and the 
sort order you need for your visualization

cyphertext Data that has been scrambled 
to be unreadable through encryption

dashboard An interactive, visual display 
of information

data accuracy The state of data being 
correct and accurate

data at rest Data that is being stored

data audit The process of assessing that 
the data achieves a specific objective or 
purpose

data breach When information is 
read, modified, or deleted without 
authorization

data classifications A way to categorize 
or classify data

data completeness The state of data 
being complete with all expected and 
required fields entered

data consistency The state of data 
having been entered consistently and as 
intended based on business rules

data constraints Integrity rules that 
limit the types of data that can go into a 
column or table within a database system

data custodian The person who manages 
the system on which the data assets are 
stored

data destruction The legally compliant 
means through which data must be 
removed and made inaccessible

data dictionary A document that 
serves as the authority on all definitions 
that have been agreed upon for the 
organization, as well as key metrics

data encryption The process of using 
algorithms that will “scramble” data from 
its original plaintext into another form so 
that it can’t be read

data governance A large umbrella term 
for a framework used to govern data in an 
organization

data in transit Data that is actively being 
transferred

data in use Data that has been 
transmitted and is now present in 
memory or being queried

data lake A technology for storing large 
amounts of structured and unstructured 
types of information in their original 
format

data lakehouse A data management 
system that combines the best of both 
data warehousing and data lakes

data loss The intentional or accidental 
loss of information through human error 
or an ineffective process

data mart A subset of the data 
warehouse that is dedicated to a specific 
department or group

data model A model that organizes data 
and the relationships of data elements 
so that the data is ready to use and 
meaningful for every user who needs a 
report

data owner The person who holds the 
ultimate responsibility for maintaining the 
confidentiality, integrity, and availability of 
the information asset

data profiling Determining the volume of 
data, the types of data and quality of the 
data

data retention The time span for which 
data must be kept

Glossary
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data sovereignty The idea that the 
country in which data is stored has 
control over that data

data steward The person who is 
primarily responsible for data quality

data transmission The process of 
transferring data

data use agreement An agreement 
between two parties about the exchange 
of data that specifies what data will be 
shared and how that data can be used

data validation The process of 
confirming the type, structure, and 
accurate representation of the data

data verification The process of 
confirming that the data is accurate or 
true

data warehouse A technology that 
is dedicated to the store of company 
data from a wide range of sources for 
reporting and decision making purposes

database transaction Any change to 
data in a system, whether its an insertion, 
deletion, or query

date filter A filter that narrows down 
data by a starting and ending point

date functions Functions that manipulate 
fields set to date data type and return 
date-related information

date hierarchy A hierarchy using a date 
field that provides high-level information, 
like year, quarter, month, and day

date table A table that is full of each date 
and various information, like month, day 
of the week, week number, year, and 
other date-related information

de-identification The process of 
removing fields that can be used to 
identify an individual or information that 
must remain anonymous

delimited files Files in which some form 
of character separates each field of data 
from the other data fields

delta load The method of loading new 
data into a data system and updating any 
existing data that has changed since the 
last load

denormalized data Data that has not 
gone through a normalization process 
and contains repetitive data

dependent variable The variable we are 
measuring when comparing two groups

derived variable A data point that is 
derived or created from existing data

dimension table A table that 
holds attributes or the categorial 
information that supports the fact tables

discrete data A characteristic of 
quantitative value that identifies data that 
can be counted and can only take on a 
certain number of values

distributed processing The process of 
distributing large-volume data sets across 
multiple servers

distribution list The people who are in 
your audience, who will receive a report 
or dashboard

domain integrity The acceptable values 
for a field

dot map A map that displays geographic 
data using markers to note specific spots 
on the map

drill-through capability The ability to 
select a value and drill down to a deeper 
visualization of that information

duplicated data Data that is repeated 
within the same data set

dynamic report A report that is 
connected to the data and can be 
refreshed on demand or regularly 
updated automatically; also known as 
real-time report

ELT (Extract, Load, Transform) The 
process that occurs when moving data 
from source systems to data lakes, 
which holds data in preparation for 
transformation

empirical rule The tendency of most data 
points in normal distribution to fall within 
three points of the mean either on the 
positive or negative side of the curve

entity integrity The unique identifier of 
a record as defined using a primary key 
field

entity relationship diagram The pictorial 
representation of a database model; also 
known as entity relationship model

estimated execution plan The estimated 
requirements for executing a query

Glossary
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ETL (Extract, Transform, Load) The 
process that occurs when moving data 
from source systems to data warehouses 
by extracting data from the source, 
transforming the data, and then loading it 
to the warehouse

exploratory analysis Analysis that 
determines the main characteristics of a 
data set

Extensible Markup Language (XML) A 
system for structuring documents so that 
they are human- and machine-readable; 
information within the document is 
placed within tags, which describe how 
information within the document is 
structured

fact table A table that holds the “facts” 
about a particular business process or 
event and contains keys to relate to the 
other tables

field definitions Descriptive information 
about what each field contains, intended 
to clarify field names that may be 
ambiguous

filled map A map that displays geographic 
data by filling in the borders of a  
location

flat files Delimited files that are exported 
out of a system

foreign key A field or fields that are 
primary in another table

frequency The number of times that a 
data point occurs within a data set

frequently asked questions Information 
that addresses anticipated, common 
questions related to the report and 
its data, often included as part of the 
narrative; also known as FAQs

full load The method of loading all data 
into a data system for the very first time

gap analysis The study of a present state, 
desired state, and the gaps that exist 
between the two

goodness of fit A chi-square test that 
tests against a single variable to analyze 
the relationship between variables

hard-coded filters Filters that are coded 
into the view or the visual

heat map A visual that uses color to draw 
attention to a “hot” spot, or a part of the 

visual that needs pointing out; also known 
as color scale

histogram A chart that groups values into 
bins, or class intervals, on the x-axis and 
lists the metric we want to assess against 
on the y-axis

HyperText Markup Language (HTML) 
A system of coded tags that identify the 
structure of the document files used for 
web pages 

hypothesis statement What you believe 
to be true, and what you will test with 
analysis techniques to show that it is true 
(or maybe false)

imputing Replacing data with an 
estimated value

independent variable The variable that 
is different between two groups that we 
are comparing

index field A field that applies a unique 
number to a record

indexing A field property setting that 
tells the database that a field needs to be 
indexed

infographic Any combination of visuals, 
artwork, photos, and language that tells 
the story of your data in a compelling and 
graphically appealing way

inline append An append query that 
combines data sets until all are combined.

intellectual property (IP) Intangible 
products of human thought and ingenuity

interactive filters Filters that allow the 
consumer to adjust a slicer or filter option 
on a dashboard to narrow down the data 
they want to see

intermediate append An append query 
that creates a combined data set but also 
retains the separate data sets

invalid data Data that is incorrect

JavaScript Object Notation (JSON) 
An object-oriented, event-driven 
programming language that allows us to 
interact with websites

joins A join line between fields in a query

jurisdiction The official power to make 
legal decisions and judgments

key performance indicators (KPIs) 
Measurements/goals that are established 
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to help identify whether a business is 
achieving its objectives

Key Value Pair A type of non relational 
structure that establishes a unique 
identifier or key field and maps it to a value

layered maps Maps that display 
geographic data by both using markers 
and filling in borders

leading questions Questions that are 
written in a way that produces the desired 
answer

leading spaces Spaces at the front of a 
field of information

legend A labeling element that lets you 
know which color represents which value 
in a visual

lifecycle of data The five stages of the 
life of data: create, store, use, archive, and 
destroy

line graph A graph that consists of either 
a single horizontal line or a group of 
multiple lines that represent different 
data points at different times; also known 
as run chart

link analysis Analysis that helps us 
determine how a single data point links to 
other data points

local drives Drives that are local to 
individual equipment 

logical data model A more detailed view 
of the conceptual model that includes data 
fields and the relationships between them

logical functions Functions that check if a 
condition is met and return a result based 
on whether or not the condition is met

machine data Data that is produced by a 
machine rather than a human

many-to-many relationship Many 
records in a table are associated to many 
other records in other tables

masking The act of hiding the original 
value of data by showing something else 
in its place; also known as anonymization

master data Important data about 
general business operations that is used 
frequently in analysis

master data management Tools and 
processes that are used to create the 
single source of truth or the “golden 

record” for the data that is considered 
critical at the organization

max The largest number in a data set

mean The average of a set of numbers, 
calculated by adding all the values and 
then dividing that sum by the total 
number of values

measures of central tendency 
Mathematical functions used to find the 
center of a data set

measures of dispersion Mathematical 
functions used to determine the 
distribution of a data set; also known as 
measures of variability

median The middle number within a 
group of sorted numbers

memorandum of understanding 
(MOU) An acceptable use agreement 
that establishes the rules of engagement 
between two parties and defines roles 
and expectations

merge fields function A function used 
to combine different fields to create and 
display a single consolidated field; also 
known as CONCATENATE function

middleware Software that is the middle 
between an operating system and the 
applications that use a language

min The smallest number in a data set

mockup To draw out a potential layout

mode The number that shows up most 
often in a data set

multiprocessing The process of two or 
more processors working on a single data 
set

multi-sorting A method of sorting where 
you sort within a sort

“n” count The amount of data being used 
in research

narrative A description of a report 
or dashboard that typically includes a 
report cover page and a summary of the 
contents

natural order The order in which the 
data is entered

nominal data A characteristic of 
qualitative data that identifies information 
that has no natural order
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non-printable characters Characters 
that do not produce a written symbol

non-relational database A database 
system that stores data without the use of 
relational database models; also known 
as NoSQL

non-disclosure agreement (NDA) An 
agreement that defines the conditions 
under which an entity cannot disclose 
information to outside parties

non-parametric data Data that is not 
within the rules of normal distribution, 
with values that frequently deviate from 
the mean

normal distribution A bell-shaped curve 
that depicts the data distribution for a 
data set

normalized data Data that is structured 
for optimal storage and use within a 
program

NULL There is no value in a data field

null hypothesis The assumption that a 
relationship does not exist between two 
variables

one-to-many relationship One record in 
a table is associated with multiple records 
in another table or tables

one-to-one relationship One record in a 
table is associated only with one record in 
another table

online analytical processing (OLAP) 
A class of software that allows complex 
analysis to be conducted on large 
databases without negatively affecting 
transactional systems

online transactional processing (OLTP) 
A class of software that allows large 
numbers of database transactions in real 
time, typically over the internet

open source Freely available for public use

operational report A report that informs 
on the health and status of a project, 
product, or organization

ordinal data A characteristic of 
qualitative data that identifies information 
that follows a natural order

outliers Values in the data set that don’t 
seem to be within the norm of all the 
other data

page footer A place for information at 
the bottom of each page of a paginated 
report

page header A place for information at 
the top of each page of a paginated report

paginated report A multipage report that 
is not suitable for display on a dashboard

parameter A method of adding a criteria 
to a query that can be used to filter and 
reduce the result set

parametric data Data that is within the 
rules of normal distribution

parsing Breaking data into parts

Pearson’s correlation coefficient A 
calculation used to measure a linear 
relationship between data points, 
returning a value that is plus or minus 
one to determine the strength of the 
relationship

peer review A method of validating 
data that involves gaining feedback from 
others before publication

percentage change A calculation that 
represents the difference between a new 
value and an original value (either the last 
value or an older value)

percentage difference A calculation 
performed by determining the absolute 
value of the difference between two 
numbers, dividing by the average of the 
two values, and then multiplying by 100%

performance analysis Analysis that 
measures the performance of a particular 
product, outcome, or scenario against a 
defined objective

personally identifiable financial 
information (PIFI) Information about 
a consumer provided to a financial 
institution

personally identifiable information 
(PII) Data that can be used to directly or 
indirectly identify an individual; also known 
as personally identifiable data (PID)

physical data model The actual data 
system with tables, relationships, fields, 
and attributes

pie chart A circle broken into slices to 
represent percentages of information

point-in-time report A report that 
reflects on a specific point in time
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population The population of a group of 
records that meet a certain criterion

primary key A unique identifier for a 
record that cannot contain duplicates and 
is used to reference a record

print date The date when the report was 
printed

proprietary Owned by a vendor

protected health information (PHI) 
Health-related data that can be used to 
identify an individual

public data Data that has been made 
available to the public through various 
legal requirements

publicly available data Data that has 
been made available to the public without 
any legal requirement

p-value A value in statistical tests that 
tells the probability that an observed 
difference occurred by chance

qualitative data Data that can be 
arranged into groups or categories based 
on its qualities; also known as categorical 
data

quality assurance (QA) The process of 
ensuring that the data used in analysis 
is of a high enough quality that it gives 
decision makers confidence in the 
findings; also known as data cleaning

quality data Data that has integrity and is 
accurate, complete, and consistent

quantitative data Data that is portrayed 
through numbers, meaning it can have a 
numerical value or be measured

query execution plan The order of steps 
in which a query is processed

querying Gathering fields from one or 
more tables; also known as merging or 
blending

r value A value that when closer to 1 
shows a strong correlation between 
values and when closer to 0 means no 
correlation; also known as correlation 
coefficient value

range The difference between the highest 
and lowest values in a data set

read permissions Permission to read data

read/write permissions Permission to 
read and also change data

real-time processing The processing of 
data needed in real time

real-time report A report that 
automatically updates to provide the most 
current data

recoding Changing the current value of a 
variable to a different value

record link restrictions Instances 
in which data systems cannot ever 
be related to each other through 
organizational policies

record linkage The process of identifying, 
matching, and merging records that 
correspond to a matching record; also 
known as data linkage

recurring report A report that is set to 
repeatedly run on certain dates or at 
specific times

reduction Reducing the volume of data

redundant data Identical data that is 
stored in multiple places

references Information about the data 
sources used for a report or dashboard

referential integrity Established to 
maintain that records are not orphaned by 
ensuring the proper table has the key field

refresh date The date and time that the 
data was last updated

regression analysis A type of statistical 
method used to estimate the relationship 
between a dependent variable and one or 
more independent variables

regulations Rules that are implemented 
by an authority for organizations that fall 
under that authority’s control

relational database Structured database 
in which information is stored in tables 
where columns represent typed data 
fields and rows represent records. Tables 
can have relationships, established by 
linking a unique primary key field in one 
table with the same value in a foreign 
key field in another table. The overall 
structure of a particular database and its 
relations is called a schema; a relational 
database is also known as a tabular 
schema.

relational database management 
system (RDBMS) Software that maintains 
relational databases
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report footer A place for information on 
the last page of a paginated report

report header A place for information 
at the top of the first page of a paginated 
report

research questions Questions that are 
formed to determine the focus of analysis

research-driven report A report that 
relies on research to inform and even 
change business practices

role-based permissions Permissions 
granted according to the role served at a 
company

root cause analysis Analysis conducted 
for a research-driven report that attempts 
to find the root cause of a problem

scatter plot A visual that consists of two 
variables plotted on the x-axis and y-axis, 
with a dot placed on the graph where the 
two data points converge on both of the 
axes

scope The overall outline of the project, 
with measurable tasks that are needed to 
meet the desired end state

scope creep What occurs when the scope 
changes from the original plan and incurs 
adjustments

self-service report A report that is run 
directly by the consumer; also known as 
on-demand report

semi-structured data Data that is a mix of 
both structured and non-structured data

shared drives Drives in a server-based 
environment that utilize permissions to 
control access

simple linear regression A statistical 
method used to study the relationship 
between one independent variable and 
one dependent variable

simple random sampling A type of 
sampling for which each record of data 
has an equal chance of being selected into 
the dataset used for analysis

slowly changing dimensions A way of 
updating dimension data

snowflake schema The relational model 
of fact and dimension tables that looks 
like a snowflake, in which dimension 
tables are joined to a single fact table and 
also other dimension tables

sorting A method of ordering data 
by ascending or descending by letter, 
number, or date

source system The system of record 
for any given data element or piece of 
information

spreadsheet A worksheet of data in 
tabular form

stacked chart A chart that breaks the bar 
or column into separate portions, each 
representing an additional data point

standard deviation A value that shows 
how dispersed the data is in relationship 
to the mean of all of the data

standardization When data is 
consistently labeled, categorized, and 
described for use within the organization

Standardized Generalized Markup 
Language (SGML) A language that 
provides the standard for all markup 
languages and is widely used for data 
structures

star schema The relational model of 
fact and dimension tables that looks like 
a star, in which all dimension tables are 
joined to a single fact table

static report A report that does not 
update automatically

statistical significance The designation 
of the difference between two values as 
being significant and not by chance

stop words Common or high-frequency 
words that are used in the business, but 
not appropriate for counting in word clouds

stratified sampling A type of sampling in 
which you break your data into subgroups 
and then randomly sample from each of 
the groups

structured data Data that is organized 
and stored in tables, in rows and columns

structured query language (SQL) 
Programming and query language 
common to many relational database 
management systems.

style guides Guidelines that detail how 
reports must be presented for a specific 
organization

subquery A query that is nested inside 
another query statement; also known as 
nested query
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system functions Functions that track 
information about a report

tactical dashboard A dashboard that is 
focused on the operational details of a 
process or operation

talking points A narrative element in 
reports that supports a presentation in 
explaining the information

temporary table A table that is stored 
on the database server until a user 
disconnects from the server

test of independence A chi-square test 
that tests against multiple variables to 
analyze the distribution of the data

text functions Functions that manipulate 
text-based data, such as TRIM or CLEAN

tooltips A popup display that allows you 
to show additional information about a 
data point when you hover over it in the 
visual

Top N and Bottom N sorts Sorts that 
display the top or bottom of the data in a 
set based on a number you specify, or N

trailing spaces Spaces at the end of a 
field of information

transaction processing The processing 
of transactional data that is mission 
critical to an organization

transparency When everyone in the 
organization has access to the data 
governance policies and understands why 
they are in place

transpose To reverse the direction of 
data

treemap A rectangle that shows the 
proportion of values using smaller 
rectangles within the larger one

trend analysis Analysis that measures 
a trend on historical data to determine 
performance over time and predict a 
future outcome

t-test A test used to compare two groups 
when determining whether there is a 
significant difference between the means 
of both groups

type I error An error that occurs when 
the correct hypothesis is rejected and 

the incorrect hypothesis is accepted; also 
known as false positive

type II error An error that occurs when 
the incorrect hypothesis is accepted and 
the correct hypothesis is rejected; also 
known as false negative

undefined fields Fields that are not 
defined in a database table

unstructured data Data that is not 
organized in a predefined manner to 
meet the standards for structured data

user group permissions Permissions that 
are specific to users in a group regardless 
of their roles

user-defined integrity Integrity based 
on business rules that are covered by the 
other data integrity settings

variance The average squared distance 
from the mean of the data for a single 
data point

version numbers A reference that 
identifies which iteration of a report is 
being viewed

visual filters The ability to collapse or 
expand rows to see more information or 
details

waterfall chart A chart that visualizes 
performance over time with a series of 
columns

watermark Information displayed as an 
overlay on a report indicating content is 
confidential or should not be printed or 
distributed

web scraping The act of pulling 
information from a website; also known 
as data scraping

web service Any software that provides 
network communication between devices

wireframing Creating mockups of 
multiple screens that are likely connected

word cloud A visual representation of the 
words used in a particular body of text

z-score A value that shows how many 
standard deviations a data point is from 
the mean
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Activity 1-1: Relational and Non-Relational 
Databases

Answer the following questions:

1.	 Which type of database should you use when you need a defined structure with relationships 
within the data?

Relational databases are designed with tables where a structure is defined.

2.	 What are the two main components of a table design?

Field names and data types

3.	 Which type of database stores data in document format and uses XML or JSON?

Non-relational or NoSQL database

4.	 What is the language that is used for relational databases?

SQL, or structured query language

5.	 Which type of database provides the most scalable and flexible option for web-based 
applications?

NoSQL or non-relational databases provide the most scalable and flexible options for web-based design.

Activity 1-2: Tables, Primary Keys, and Normalization
Answer the following questions:

1.	 Which elements of a database are necessary in order to establish relationships between tables?

Primary keys and foreign keys, which are used to uniquely identify information across tables

2.	 To ensure data updates effectively across tables, what can be set on the relationships between 
tables?

Cascade updates, a referential integrity setting

3.	 When the design of the data forces a person to repetitively enter the same information over and 
over, this data would be considered ______.

Denormalized

4.	 A database architect creates a design in which a table has a primary key and associated fields. 
This is an example of what type of design theory?

Designing in the normal forms
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Activity 2-1: Types of Data Processing  
and Storage Systems

Answer the following questions:

1.	 Which subset of a data warehouse holds data that is relevant to a specific department?

Datamart

2.	 What is the most flexible storage system for holding large amounts of both structured  
and unstructured data?

Data lake

3.	 In an organization, which technology holds a system of record, or is a software system dedicated 
to a specific task?

Source system

4.	 What choices do organizations have when they want to combine data from different source 
systems into one unified data management system?

Data warehouses, data lakes, and data lakehouses

5.	 What type of table stores information that is categorical for the use of reporting?

Dimension tables

6.	 What are two common schemas that are used to relate data in a data warehouse?

Star schema and snowflake schema

Activity 2-2: Explain How Data Changes
Answer the following questions:

1.	 What process does slowly changing dimensions describe?

Slowly changing dimensions describes three ways to change dimension data in a system. There are three 
types: Type 1, Type 2, and Type 3.

2.	 Which type of slowly changing dimension is in use when a new record is added to account for a 
change to dimension data?

Type 2

3.	 If the name of a product changes using Type 1 slowly changing dimensions, what impact would 
this method have on reporting prior to the change?

This method will only show the most current name of the product in reports dated prior to the name change, 
even if the product name was originally something different.

S-2  |  Solutions
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4.	 Which slowly changing dimension type provides the most complete history of dimension data, 
and why?

Type 2 has the most complete history of change, as every record of the change is maintained, with time 
stamps, in the table dedicated to that dimension.

Activity 3-1: Types of Data
Answer the following questions:

1.	 What two types of data are at the highest level?

Quantitative and qualitative

2.	 Suppose a survey asks respondents for their level of education. This would be considered 
qualitative data with which characteristic?

This is ordinal data, because it has a natural occurring order.

3.	 If you ask people to tell you their favorite tv show, what type of data are you collecting?

People’s favorite TV shows would be qualitative data because it is not numerical. We can count the number 
of people who gave a specific response, but the name of the TV show itself is not a number.

4.	 When determining how much product was ordered over time, the quantity ordered is which 
high-level type of data?

Because quantity is a number, this would be considered quantitative data.

5.	 When data can be measured, which characteristic of data is it?

Continuous

Activity 3-2: Field Data Types
Answer the following questions:

1.	 Why are field data types important to the data analyst?

Because they determine how you work with a field. If the field is already set up with the correct data type, 
then you can just work with it in calculations. But if it is not set as the data type that suits your needs, you 
must convert it.

2.	 Which field data type is the most versatile of all?

Alphanumeric, also known as “text” or “string”

3.	 What feature controls what type of information is stored in a field?

The field data type designed within a system

4.	 Who defines the field level data type in the source system, and what can an analyst do if it is 
incorrect for the type of analysis required?

The designer of a database defines the field data type, but an analyst can convert that data type to meet 
their need.
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Activity 4-1: Structured and Unstructured Data
Answer the following questions:

1.	 Would data that is stored in a relational database be considered structured or unstructured 
data, and why?

A relational database stores structured data; we know this because structured data fits into columns  
and rows.

2.	 Video, audio, and images are all examples of what type of data?

Unstructured data, because these items do not fit neatly into structured data tables with field names and 
require additional action, like watching a video, to gain context.

3.	 Is most data in the world structured or unstructured, and why?

The majority of data in the world is unstructured. A process must be performed to structure data into tables 
and fields.

Activity 4-2: File Formats
Answer the following questions:

1.	 What are some common delimiters you will likely encounter in text-based files?

Comma, pipe, and tab are common delimiters.

2.	 What is the difference between importing and exporting?

Importing is the act of bringing data into a system, while exporting is the act of taking it out.

3.	 What is a major drawback to working with CSV files?

CSV files are not connected to the live data, so the file will not update when the data updates. A new file 
must be exported to see the changes.

Activity 4-3: Code Languages Used for Data
Answer the following questions:

1.	 Which markup language is dedicated to the presentation of information on the web?

HTML (HyperText Markup Language)

2.	 Which markup language supports the ability to use an array?

JSON (JavaScript Object Notation)
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3.	 What language is used to write queries in a structured database environment?

SQL (Structured Query Language)

4.	 Which markup language supports the transfer of data between systems and is a child of SGML?

XML (Extensible Markup Language)

Activity 5-1: The Processes of Extracting, 
Transforming, and Loading Data

Answer the following questions:

1.	 Which method is most commonly used to move data from a source system into a data 
warehouse?

ETL is the most commonly used method for data warehouses, because data warehouses require that data 
has thought and structure prior to loading.

2.	 Which method is most commonly used to move data from a source system into a data lake?

ELT is the most commonly used method for data lakes, because having the transformations take place after 
the data is loaded allows the data to be moved into the data storage system faster.

3.	 What is the biggest difference between the processes of ETL and ELT?

In the ETL process, the data must be transformed before it is loaded. There is a fair amount of planning that 
has to occur to know the transformations and structure before it is loaded. ELT allows the data to be loaded 
first, and then transformed when it becomes necessary.

4.	 Which load type is being used when new data is loaded and existing data that has changed since 
the last load is updated?

Delta load

Activity 5-2: API/Web Scraping and Other 
Collection Methods

Answer the following questions:

1.	 What is a benefit of using an API?

Answers may vary. Potential answers might include the following:

•	 Allows two unrelated systems to communicate.

•	 Accesses data from a dedicated system.

•	 Removes the need for you to build the data system yourself.

•	 Accesses data that is not stored in the company’s internal system.

2.	 What is the key difference between a web service and most other APIs?

The use of a hosted network
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3.	 What language do web services use?

XML

4.	 What is web scraping?

Web scraping is the act of pulling information from a website.

5.	 Sensors that detect the temperature of a person on a job site would be collecting what type of data?

This is machine data, because it is collected by a machine and doesn’t require a human to manually track 
and key it into a system.

Activity 5-3: Public and Publicly Available Data
Answer the following questions:

1.	 When an organization is required to provide data by law, what would it be called? And what are 
some sites that provide this type of data?

Public data; U.S. Census Bureau, Data.Gov, state or federal agencies

2.	 What is a consideration of public data that must be addressed before use?

Answers may vary. Potential answers might include the following:

•	 Reading the terms of use

•	 Reading the methods of data collection

•	 Reading any key definitions that are available

3.	 Public data sources often do not provide the individual data. They will typically provide the data 
in what format?

It is typically aggregated—data that has already been compiled and summarized (e.g., summed, counted, or 
averaged by group) for the purposes of analysis and reporting.

Activity 5-4: Survey Data
Answer the following questions:

1.	 What should a survey be free of?

Bias

2.	 Which survey question type uses a scale to gain details about customers’ agreement with or 
attitude toward certain topics?

A Likert scale
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3.	 What are some common answer types you will find on most surveys?

Answers may vary. Potential answers might include the following:

•	 Single option

•	 Multiple choice

•	 Likert scale

•	 Text-based response

4.	 Why is it important that a survey provides well-written questions and appropriate answer 
choices?

When researching for information to improve processes or gauge effectiveness, appropriate questions and 
answer types help us get to the truth of how well something is performing. Insufficient or inappropriate 
questions and answer types can skew the results and thus lead to ineffective research.

Activity 6-1: Learn to Profile Data
1.	 Why is it important for the data analyst to profile data?

Answers may vary. Potential answers might include the following:

•	 Learn the basics of the data

•	 Discern information about the data

•	 Detect any data quality issues

2.	 What are some elements of data that are assessed when profiling?

Answers may vary. Potential answers might include the following: 

•	 The source of the data

•	 Keys of the data

•	 Relationships within the data

•	 Record counts

3.	 Name a few popular tools that can be used to profile data.

Answers may vary. Potential answers might include the following:

•	 Power Query

•	 Power BI

•	 Tableau
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Activity 6-2: Redundant, Duplicated, and 
Unnecessary Data

Answer the following questions:

1.	 1.What does it mean for data to be redundant?

The same data is represented in multiple places.

2.	 When data is duplicated and then totaled, what problem will you encounter?

The duplicates will artificially inflate the totals.

3.	 Spotting duplicates can be a challenge in a large data set. What type of command could you use 
to highlight them?

Conditional formatting in tools such as Excel highlights duplicates.

4.	 Your data set contains every field of that table or query, and only a few fields are relevant for 
your study. What should you do with the unnecessary fields?

They should be removed.

5.	 What are some of the drawbacks of leaving unnecessary fields in your data?

Those fields increase the size of your data. The fields will show as potential fields for use in data software. 
They create clutter or “noise” in your data.

Activity 6-3: Missing Values
Answer the following questions:

1.	 What appears in a data set when a field has no value?

Null value

2.	 Describe two examples of how NULL values can be useful when working with data?

Answers may vary. Potential answers might include the following:

•	 A NULL value can be used as a filter.

•	 A NULL value can be used to indicate that something has not yet occurred (e.g., a NULL value for a 
ship date indicates that a product hasn’t been shipped).

•	 Null values can indicate that there is no match for the data, which can be helpful when trying to 
determine if all the data in one system is present in another system.

3.	 When a survey is completed and an answer is skipped, what can you do with that information?

You must handle skipped responses with care. You may find that you must exclude that record from your 
results.
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Activity 6-4: Invalid Data
Answer the following questions:

1.	 What is invalid data?

Data that is not correct

2.	 When writing a query to create a data set, what should you do with the fields that have invalid 
data?

Do not include them in the statement.

3.	 How can non-printable characters, leading spaces, and trailing spaces cause invalid data?

A data program will read the spaces as actual valid characters.

4.	 What should you do when you encounter invalid values that can definitively be defined?

Replace the values with the correct ones.

Activity 6-5: Convert Data to Meet Specifications
Answer the following questions:

1.	 You need to create calculations that are date specific, and you discover that the date field is set 
as text. What should you do?

Convert that field to a date data type.

2.	 What are some of the issues of data not having the correct data type?

You can’t use text to calculate a number. Invalid data types might cause data to fail to transfer between 
systems.

Activity 7-1: Manipulate Field Data and  
Create Variables

Answer the following questions:

1.	 What is one reason why data may need to be recoded?

Answers may vary. Potential answers might include the following: 

•	 Make the data more meaningful

•	 Group it more effectively for analysis

•	 Correct the data
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2.	 Imagine a data set with a column for Start Time and a column for End Time, where a column for 
Total Time has been added to the data set. The Total Time column would be an example of what?

A derived variable

3.	 What does it mean to impute values?

Replace data with an estimated value

4.	 Why would a value be imputed?

Missing data or null values can cause issues in analysis.

5.	 Reduction can be achieved through what two methods?

Aggregation and sampling

Activity 7-2: Transpose and Append Data
Answer the following questions:

1.	 Which action reverses the direction of the data?

Transpose

2.	 What does it mean to append data?

To append can be described as creating a combined data set from multiple sets. You can also append data 
by copying it from one location to another. An intermediate append creates an entirely new set, and an 
inline append combines data into an existing set.

3.	 What command can you use to reverse the direction of the data?

Answers may vary. Potential answers might include the following:

•	 Transpose in paste commands in Excel

•	 Unpivot command in Power Query and other data tools

Activity 7-3: Query Data
Answer the following questions:

1.	 Which action involves merging multiple data sets into a single data set?

Querying

2.	 Which join type results in a display that only contains records that exist in both tables?

Inner join
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3.	 Which join type is used the least, and why?

Cross join, because it associates every record from one table to every record from another table

4.	 Which join type provides results that help us troubleshoot potential bad records or records due 
to be corrected?

Full outer join

Activity 8-1: Functions to Manipulate Data
Answer the following questions:

1.	 Which function removes all non-printable characters? Which function trims leading and trailing 
spaces? What type of function would we use to classify these as?

CLEAN and TRIM. They are text functions.

2.	 Which function is used to combine data fields?

Merge Fields or CONCATENATE

3.	 If you had a data set with a column for Full Name, and you needed columns for First Name and 
Last Name, what action would you need to perform?

Parsing

4.	 The TODAY function will provide and not provide what, respectively?

It will provide the date but not the time.

5.	 Which function is used to test whether a condition is true or false?

IF

6.	 SUM, COUNT, DISTINCT COUNT, AVERAGE, MAX, and MIN are all what type of function?

Aggregate functions

7.	 Which function type is program or tool dependent?

System functions

Activity 8-2: Common Techniques for Query 
Optimization

Answer the following questions:

1.	 What can you create to optimize data load time and filter data to certain criteria?

A parameter

2.	 What fields are automatically indexed when they are created?

Key fields
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3.	 When does a temporary table stop being stored on the database server?

When the user disconnects from the server

4.	 What is being created when querying another query?

A subquery

5.	 What are the two types of query execution plans?

Estimated execution plan and actual execution plan

Activity 9-1: Measures of Central Tendency
Answer the following questions:

1.	 Which measure of central tendency is calculated by adding all the values together, counting the 
number of values, and dividing the sum by that number?

Mean

2.	 What are values in the data set that don’t seem to be within the norm of all the other data?

Outliers

3.	 Which measure of central tendency is the middle value within an ordered set of numbers?

Median

4.	 When you count which value shows up most frequently in a set of numbers, what will you end 
up with? What if two or more values show up an equal amount of times?

Single mode (if there’s one number that appears most frequently) and multiple mode (if two or more 
numbers appear most frequently)

Activity 9-2: Measures of Dispersion
Answer the following questions:

1.	 What calculation involves finding the highest (maximum) value and the lowest (minimum) 
value?

Range

2.	 What is the x-bar representative of in the calculation for standard deviation?

Mean

3.	 What is defined as following a bell shape curve, with the mean being the middle and all other 
data following three points to the left or three points to the right of the mean?

Normal distribution
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4.	 What is the tendency of most data points to fall within three points of the mean either on the 
positive side or the negative side of the curve?

Empirical rule

5.	 How do you test whether data is following the empirical rule through visualization?

Calculate the z-score and plot the values on the distribution curve to visualize how much deviation is 
occurring

Activity 9-3: Frequency and Percentages
Answer the following questions:

1.	 Differences between two data sets could be expressed using what calculation?

Percentage difference

2.	 What are two aspects of calculating frequency?

Grouping and counting

3.	 A pivot table, histogram, and percentages are three ways of displaying what?

Frequency

4.	 Which calculation involves subtracting the newest value from the last value, dividing that 
number by the last value, and then multiplying by 100%?

Percentage change

Activity 10-1: Get Started with Analysis
Answer the following questions:

1.	 In which manner should a research question be posed, and why?

A research question should be posed as a true or false statement so that it can be answered as part of 
hypothesis testing.

2.	 Why is it important to determine the sources and collection methods for the data you’re 
working with?

Different collection methods have different considerations and can potentially result in vastly different 
qualities of data. You need to understand the source and quality before you start working with the data.
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Activity 10-2: Types of Analysis
Answer the following questions:

1.	 Profiling data is similar to what type of analysis?

Exploratory analysis

2.	 Which type of analysis is conducted on non-parametric data, or data that does not follow the 
normal distribution curve?

Performance analysis

3.	 Performance analysis measures the performance of a particular product, outcome, or scenario 
against what?

A defined objective

4.	 Which metric establishes goals to help identify whether a business is achieving its objectives?

Key performance indicators (KPIs)

5.	 Which type of analysis studies the difference between the desired state and current state?

Gap analysis

6.	 Trend analysis is commonly used for what purpose?

Forecasting future values

7.	 What are the three main components of link analysis? 

A network, a node, and a link

Activity 11-1: The Importance of Statistical Tests
Answer the following questions:

1.	 The calculation of values that describes the certainty or uncertainty of an estimate made on the 
analysis is known as what?

Confidence interval

2.	 What is the percentage of a confidence interval that is most commonly strived for in analysis?

95%

3.	 What are the two variables we use when conducting a t-test?

Dependent variable and independent variable

4.	 Which two conditions must be met for data to be considered statistically significant?

It cannot have happened by chance and must be a significant difference.

5.	 What does the “p” in p-value stand for?

Probability
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Activity 11-2: The Hypothesis Test
Answer the following questions:

1.	 Which type of hypothesis assumes that a relationship between two variables does exist?

An alternative hypothesis

2.	 Which type of hypothesis assumes that a relationship between two variables does not exist?

A null hypothesis

3.	 Which type of error creates a false negative?

Type II error

4.	 What are some of the impacts of type I and type II errors on hypothesis testing? Use an example.

Answers may vary. Potential answers might include the following:

Students are not given critical study hours when this study time could have helped improve their test scores, 
because the test error said the study time would not help. This is a type I error.

Patients who are not sick get the treatment unnecessarily (type I error), and patients who are sick get no 
treatment (type II error).

Activity 11-3: Tests and Methods to Determine 
Relationships Between Variables

Answer the following questions:

1.	 What type of analysis will typically involve an x and y scatter plot with a line?

Simple linear regression

2.	 What are two commonly used types of chi-square tests?

Goodness of fit and test of independence

3.	 Correlation is used to measure what?

The relationship between two (or more) equal variables

4.	 A relationship in which one variable is proven to have an effect on another would be considered 
what?

A causal relationship

5.	 Regarding simple linear regression, how do we refer to the variables and the outcome?

Predictors and criterion
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Activity 12-1: Basic Visuals
Answer the following questions:

1.	 What type of visual appears as a circle broken into slices to represent percentages of 
information?

A pie chart

2.	 A treemap shows what information alongside values?

The proportions

3.	 What is the difference between a column chart and a bar chart?

The axes are swapped.

4.	 What do the lines in a line graph represent?

Different data points at different times

Activity 12-2: Advanced Visuals
Answer the following questions:

1.	 Which type of visual displays additional data points as separate proportions?

Stacked chart (bar or column)

2.	 Which type of visual would work best for visualizing the run time (in years) of multiple television 
series?

A line graph with multiple lines

3.	 Combination charts typically use what type of visual alongside columns (either single or 
stacked)?

Line graph

4.	 What differs between how a scatter plot and a bubble chart plot points?

The size of the data point

5.	 In which way does a histogram display values that a column chart does not?

The ability to show a frequency of values grouped by bins

6.	 Which type of visual is best to display performance over time?

A waterfall chart

DA0-001_Solution_ppS1-S28.indd   16 22/01/22   2:33 PM

LICENSED FOR USE ONLY BY: MUHAMAD SHAHRIZAL ARIS · 76712282 · DEC 27 2025



Solutions  |  S-17

Solutions

Activity 12-3: Maps with Geographical Data
Answer the following questions:

1.	 Which software is dedicated to mapping and offers comprehensive mapping components?

ArcGIS

2.	 Which data transformation will likely be needed before visualizing geographic fields?

Converting data types

3.	 Which type of map is used to highlight the amount of data occurring within a particular point?

Dot map

4.	 Which type of map is used to visualize multiple data points?

Layered map

5.	 A filled map highlights what portions of a visual with a color?

Border/boundary

Activity 12-4: Visuals to Tell a Story
Answer the following questions:

1.	 A heat map can also be referred to as what?

Color scales

2.	 What can be used in Excel to create a color scale?

Conditional formatting

3.	 The data points of a geographic heat map are usually colored based on what?

Density

4.	 Which type of visual would be appropriate for visualizing open text responses from a survey?

A word cloud

5.	 What are some tools that might be used to create an infographic?

Answers may vary. Potential answers might include the following:

•	 Adobe Illustrator

•	 Adobe InDesign

•	 Microsoft Word

•	 Canva
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Activity 13-1: Audience Needs When  
Developing a Report

Answer the following questions:

1.	 The people who are in your audience would also be considered what?

Distribution list

2.	 C-level executives, management, external vendors/stakeholders, the general public, and 
technical experts are all types of what?

Consumers

3.	 Why is it important to consider who will be the users of a report?

This information can affect what type of data you need to present and also what access and viewing 
requirements should be set.

Activity 13-2: Data Source Considerations  
for Reporting

Answer the following questions:

1.	 What organizes the data and the relationships of data elements so that the data is ready to use 
and meaningful for every user who needs a report?

A data model

2.	 If only part of a table from a database should be shared for the audience of a report, what can 
be created to only provide the permitted data for access?

A view

3.	 The creation of what only allows the software in use to process the data that is needed up 
front?

A hard-coded filter

4.	 What should be provided to help clarify the names of data fields?

Field definitions
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Activity 13-3: Considerations for Delivering 
Reports and Dashboards

Answer the following questions:

1.	 What key point must be considered when preparing to create the visuals of a report or 
dashboard?

How they will be viewed/displayed

2.	 What are two methods we might use to publish Power BI reports?

PDF and PowerPoint are the most common. We could also use Excel exports and printed pages.

3.	 What limits the delivery options of a report or dashboard?

The tool/software/platform used to create it

4.	 When planning the delivery of a report, we must consider how the dashboard will be delivered, 
and what else?

The frequency, or how often the report will be delivered

5.	 Recurring reports can be delivered in multiple ways depending on the organization’s policies. 
What are a few ways these reports are delivered?

Answers may vary. Potential answers might include the following:

Printed, shared folders on a server; email; dashboards

Activity 13-4: Develop Reports or Dashboards
Answer the following questions:

1.	 What are the three main types of reporting?

Dashboards, paginated reports, and spreadsheets

2.	 What visual is also known as a pivot or cross tab format?

Matrix

3.	 What is defined as creating mockups of multiple screens that are likely connected?

Wireframing

4.	 When should a report be set to automatically refresh?

When there is real-time access to the data
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Activity 13-5: Ways to Sort and Filter Data
Answer the following questions:

1.	 Which type of filter does not allow the user to adjust it?

A hard-coded filter

2.	 Which type of filter does give the user the ability to adjust it?

An interactive filter

3.	 What else can serve as a filter?

A visual

4.	 What filter would be a consideration for payroll data that is done on a monthly basis?

A date filter

5.	 What type of table is typically used with the payroll data when working with a report that uses 
a date filter?

A date table

6.	 When data is not yet sorted, what is the order of the data?

Natural order, which is the way that it was entered in the system

7.	 What are two sort methods you can apply to your data sets?

Answers may vary. Potential answers might include the following:

•	 Ascending and descending order

•	 Multi-sort

•	 Top N and Bottom N sorts

•	 Custom sorts

8.	 What type of sort will also filter data?

Top N and Bottom N sorts will also filter data.

Activity 14-1: Design Elements for Reports  
and Dashboards

Answer the following questions:

1.	 Style guides typically contain variations of what dependent on the output?

The organization’s logo and logo placement
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2.	 What are some considerations when choosing appropriate colors?

Answers may vary. Potential answers might include the following:

•	 Tailoring to the user

•	 Avoiding distracting colors

•	 Keeping the color scheme consistent

3.	 What are the two basic types of fonts?

Serif and sans serif

4.	 What three categories are typically offered for customizing fonts?

Family, size, and color

5.	 What does not change the underlying field name in the database or data set, but displays a 
custom name that clarifies the information being presented?

Captioning

6.	 What should be considered regarding naming conventions when reporting?

Field names, visual and page titles, labels, and legends

Activity 14-2: Standard Elements for Reports  
and Dashboards

Answer the following questions:

1.	 What element should you include when reports are a part of a documented process?

Version numbers

2.	 What is the difference between a report header and a page header?

A report header is only shown once on the top of the first page of the report, while a page header is shown 
at the top of every page of the report.

3.	 What can be added to confidential reports which are not to be distributed?

Watermarks

4.	 What two dates are important to include in a report?

The refresh date and print date
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Activity 14-3: Narrative and Other Written Elements
Answer the following questions:

1.	 Narrative provides what type of detail about the report?

High-level

2.	 If you are preparing a dashboard for an audience who is not very familiar with how to work the 
dashboard, you might supply instructions for its use through which method?

Simple screenshots and some written instructions

3.	 What is typically written in a question-and-answer format?

FAQs/Frequently Asked Questions

4.	 What is used to provide additional details and information that is related, but not crucial, to a report?

An appendix

Activity 14-4: Deployment Considerations
Answer the following questions:

1.	 What are three techniques we use to optimize the dashboard experience and presentation of data?

Visual filters, drill-through capabilities, and tooltips

2.	 What action should you take before deployment to production to ensure you can share your 
report with others?

Ensure that licensing requirements have been assigned to the appropriate users

Activity 15-1: How Updates and Timing 
Affect Reporting

Answer the following questions:

1.	 What is the key difference between static reports and dynamic reports?

Dynamic reports can be refreshed on demand or regularly updated automatically, and static reports cannot.

2.	 A report that covers a specified period of time would be referred to as what type of report?

Point-in-time report

3.	 A Power BI dashboard directly connected to a SQL server would be an example of which type of report?

Dynamic report
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Activity 15-2: Types of Reports
Answer the following questions:

1.	 Compliance reporting is performed to adhere to rules and standards required by certain 
regulatory agencies and organizations. Provide some examples of regulations that would 
require reporting for compliance.

Answers may vary. Potential answers might include the following:

OSHA, SEC, Sarbanes-Oxley Act, HIPPA

2.	 Which type of report uses metrics to provide a picture of the overall health of the organization?

Operational report

3.	 Tactical dashboards focus on what part of a process or operation?

Operational details

4.	 Which type of report relies on research to inform and even change business practices?

Research-driven report

5.	 A report generated in response to a one-time request is known as what?

Ad-hoc report

Activity 16-1: Data Governance
Answer the following questions:

1.	 What are the three key elements of a strong data governance plan?

Transparency, accountability, and standardization

2.	 What are the five steps of the data lifecycle, in order from start to finish?

Create, store, use, archive, destroy

3.	 Which data governance role is primarily responsible for data quality?

A data steward

4.	 How is data sovereignty defined?

It is the idea that the laws governing the country in which data is stored have control over that data. It 
describes the legal dynamics of the collection and usage of data in a global economy.

5.	 Which regulation is a US federal law designed to protect the privacy of healthcare-related 
information?

The Health Insurance Portability and Accountability Act (HIPPA)
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6.	 There are typically how many levels of data classification in an organization?

Three

7.	 What are three common classifications?

Public, sensitive, and confidential

Activity 16-2: Access Requirements and Policies
Answer the following questions:

1.	 What is an acceptable use agreement?

It is an agreement that describes not only how the data can be used, but also for what purpose.

2.	 What are the two other most common types of data use agreements?

The non-disclosure agreement (NDA) and memorandum of understanding (MOU)

3.	 What process will typically occur when you need to work with private information and data that 
has sensitive and confidential classifications?

Release approvals

4.	 How do we refer to the time span for which data must be kept?

Data retention

5.	 What do we call the legally compliant means through which data must be removed and made 
inaccessible?

Data destruction

Activity 16-3: Security Requirements
Answer the following questions:

1.	 What is data that is actively being transferred?

Data in transit

2.	 In what state should data be before transmission?

Encrypted

3.	 What is the approved cryptographic algorithm that can be used to protect electronic data?

The Advanced Encryption Standard (AES)

4.	 What is the difference between de-identification and masking?

De-identification is the process of removing fields that can be used to identify an individual or information 
that must remain anonymous. Masking involves hiding that type of field by showing something else in its 
place, like an asterisk.
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5.	 What might be needed if a data breach is escalated?

A public disclosure

6.	 What are the two types of data access we commonly work with?

Read and read/write

7.	 What are the three most common storage options for data?

Shared drives, cloud drives, and local drives

Activity 16-4: Entity Relationship Requirements
Answer the following questions:

1.	 What are the three basic types of entity relationship models?

Conceptual data model, logical data model, and physical data model

2.	 What is the definition of an entity relationship diagram?

The pictorial representation of a database model that shows how entities (like people or objects) relate to 
each other through the data

3.	 What is set to ensure two systems are never able to communicate?

Record link restrictions

4.	 What are data constraints?

Rules that are set on records or fields of data

5.	 Data constraints can occur at what level?

A system-to-system level, record level, or field level

Activity 17-1: Characteristics, Rules, and  
Metrics of Data Quality

Answer the following questions:

1.	 What is the difference between data validation and data verification?

Data validation is the process of confirming the type, structure, and accurate representation of the data, 
while data verification is the process of confirming that the data is accurate or true.
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2.	 What are a few reasons why we might check the quality of data?

Answers may vary. Potential answers might include the following:

•	 A merger has occurred.

•	 Data has been manipulated.

•	 Data has been transferred.

•	 Data has been transformed.

•	 Human error may have occurred.

3.	 What do we call data that is accurate, complete, and consistent?

Quality data

4.	 A system with a state field that always lists states as an abbreviated value and in proper case 
has what?

Data consistency

5.	 What are used to set measurable goals for data quality based on the needs of an organization?

Metrics

Activity 17-2: Reasons to Quality Check Data  
and Methods of Data Validation

Answer the following questions:

1.	 What process involves validating that the data can achieve the specific purpose of an objective?

A data audit

2.	 What are at least two examples of how automated validation helps us achieve a validated 
result?

Answers may vary. Potential answers might include the following:

•	 It tells us how many records succeeded or failed during a data transfer.

•	 It can provide a list or count of duplicated records.

•	 It can perform data quality checks on data loss.

•	 It can give us a list of failures for missing data.

•	 It can determine discrepancies between regular data load size or data record count.

•	 It can reduce and prevent human error for data entry.

3.	 If data fails to transfer from the source system to another, what would we say has occurred?

Data loss
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Activity 18-1: The Basics of Master Data 
Management

Answer the following questions:

1.	 Master data management focuses on what type of data?

Answers may vary. Potential answers might include the following:

•	 Dimension data

•	 Customer Data

•	 Product Data

•	 Supplier Data

•	 Location Data

2.	 What does master data management aim to create?

A single source of truth

3.	 What are some benefits of and reasons why organizations have master data management?

Answers may vary. Potential answers might include the following:

•	 Compliance with regulations and mandates

•	 Data integrity

•	 Data quality

•	 Streamlining access to data

•	 Automatically populating data sets

Activity 18-2: Master Data Management Processes
Answer the following questions:

1.	 In master data management, what process is used to match the records in different systems to 
create one record of trust?

Consolidation

2.	 What two processes will likely need to be performed on data for a report that is not 
standardized through master data management?

Cleaning and transformation

3.	 What resource contains all the master definitions of data within the organization?

A master data dictionary
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Activity App-1: Common Data Analytics Tools
Answer the following questions:

1.	 An organization that is very involved in deep research and statistical analysis would need the 
flexibility and tools provided by what type of software?

This organization would need software that is dedicated to statistical analysis and has many types of test 
modules available. Examples would be Stata, Minitab, and SPSS.

2.	 An organization has decided to start using dashboards to deliver real-time information from the 
call center to operations. What type of software might the company consider using?

This organization would need software that has visualization tools dedicated to dashboarding. Examples 
would be Tableau, Power BI, or Qlik.

3.	 When a vendor owns the code and does not share it out for public use, what is this software 
called? What about software that is freely available for public use?

Proprietary implies that the vendor owns the code, software, and tool that is used. When it is available for 
public use, it is open source.

4.	 What type of software is a whole suite of (typically cloud-based) tools that provides many 
different options for an organization?

This is a platform tool.
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