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YOUR COURSE

Learning how to use Visual Basic and the Visual Studio envi-

ronment is more than just moving controls around on a form

or writing lines of code. To act like a programmer, you need to

begin to think like one. This study guide will introduce you to

basic programming concepts and methodologies in addition

to providing a foundation for creating programs using Visual

Basic.

OBJECTIVES

When you complete this course, you’ll be able to

■ Apply the programming mindset to problems

■ Describe the relationship between computer components

and programs

■ Differentiate between different languages and 

frameworks

■ Identify the fundamental stages in the development life

cycle

■ Locate and use common features provided in the Visual

Studio Environment

■ Identify Visual Basic terminology and conventions

■ Create a basic Windows Forms application

YOUR TEXTBOOK

Your textbook, Starting Out with Visual Basic 2010, Fifth

Edition, written by Tony Gaddis and Kip Irvine, contains

most of the detailed information on which your graded projects

are based. It’s important that you work through it carefully

and thoroughly. The book has 12 chapters and 8 appendices,

which include “Checkpoint” answers and a glossary. Each

chapter contains tutorials to follow, a summary of the material,

as well as key terms, review questions and exercises, and
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programming challenges. Throughout the textbook there are

“Checkpoint” questions. Take time to answer these questions

and check your answers against those at the back of the

textbook. Also, complete the questions and exercises at the

end of each chapter. Check your work against the answers

on your My Courses page. Log onto the Student Area at

www.pennfoster.edu and go to “My Courses.” Look for the

answers link associated with your course.

Before you begin your work, take time to read the introductory

material found on pages xii–xvi of your textbook.

COURSE MATERIALS

This course includes the following materials:

1. This study guide, which contains an introduction to your

course, plus

■ A lesson assignments page with a schedule of study

assignments as well as graded projects that you’ll

complete during this course

■ Assignment lessons emphasizing the main points in

the textbook

■ Self-checks and answers to help you assess your

understanding of the material

2. Your course textbook, Starting Out with Visual Basic

2010, Fifth Edition, which contains the assignment 

reading material

A STUDY PLAN

Think of this study guide as a blueprint for your course. 

1. Read the lesson in the study guide to introduce you to

concepts discussed in the textbook. The lesson empha-

sizes the important material discussed in the text and

provides additional tips and examples to help you grasp

the material.

Instructions to Students2



2. Note the pages for each assignment in the textbook and

read the assignment in the textbook to get a general idea

of its content. Then study the assignment, paying atten-

tion to all details, especially the main concepts.

3. Answer the questions and complete the problems provided

in the self-checks in this study guide. These self-checks

will help you to review the material you just covered.

4. Check your answers to the self-check questions and

problems with those given in the back of this study

guide. The self-checks are designed to reveal weak points

that you should review. Do not send the self-check

answers to the school. They’re for you to evaluate your

understanding of the material. 

5. Complete each assignment in this way. If you’re not 

confident that you understand the material presented,

review the study guide and textbook. If you’re still 

uncertain of a concept, contact your instructor for 

clarification.

6. After you’ve completed the material for Lesson 1, complete

the graded project for that lesson. When you’ve completed

the graded project, submit it to the school for grading

following the submission instructions at the end of the

project.

7. Follow this procedure for all five lessons.

At any time, you can contact your instructor for information

regarding the material. 

Now you’re ready to begin Lesson 1. 

Good luck! 

Instructions to Students 3

Remember to regularly check “My Courses” on your student homepage.

Your instructor may post additional resources that you can access to

enhance your learning experience.
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Lesson 1: Visual Basic and the Visual Studio

Environment

For: Read in the Read in 

study guide: the textbook:

Assignment 1 Pages 7–18 Pages 2–20

Assignment 2 Pages 20–30 Pages 20–35 and 95–98

Assignment 3 Pages 31–37 Pages 90–93

Graded Project 03709200   Material in Lesson 1

Lesson 2: Data Types and Application Logic 

For: Read in the Read in 

study guide: the textbook:

Assignment 4 Pages 44–57 Pages 122–157, 233–239,

and 817–818

Assignment 5 Pages 58–66 Pages 205–232, 246–252,

and 296–318

Assignment 6 Pages 67–72 Pages 473–509

Assignment 7 Pages 72–78 Pages 355–376 and

429–438

Graded Project 03709300   Material in Lesson 2

Lesson 3: Object-Oriented Programming Fundamentals

For: Read in the Read in 

study guide: the textbook:

Assignment 8 Pages 88–109 Pages 729–745, 761–770

and 328–329

Assignment 9 Pages 110–119 Pages 581–585 and

750–756

Assignment 10 Pages 119–123 Pages 63–64 and 158–168

Graded Project 03709400   Material in Lesson 3
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Lesson 4: Graphical User Interface Design for

Windows Forms

For: Read in the Read in 

study guide: the textbook:

Assignment 11 Pages 132–143 Pages 43–95, 168–171,

791–795, and 801–804

Assignment 12 Pages 145–153 Pages 109–122, 242–245,

252–260, 288–296,

318–324, and 329–330

Assignment 13 Pages 154–159 Pages 407–429 and

439–450 

Graded Project 03709500   Material in Lesson 4

Lesson 5: File, Printing, and Database Access in

Windows Forms

For: Read in the Read in 

study guide: the textbook:

Assignment 14 Pages 168–181 Pages 541–580 

Assignment 15 Pages 182–196 Pages 597–662 

Graded Project 03709600   Material in Lesson 5

Final Graded Project 03709700

Lesson Assignments6
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Visual Basic and the Visual
Studio Environment
Lesson 1 consists of three assignments that will cover

Chapters 1 and part of Chapter 2 in your textbook. Review

each concept until you understand it. Work through the

examples after reading through the material at least once.

This material is exciting and challenging, so let’s get started.

OBJECTIVES

When you complete this lesson, you’ll be able to 

■ Describe the major components of a computer system

■ Discuss basic computer programming language and the

process of programming

■ Explain what a control is and how it’s used

■ Build the Directions Application

■ Respond to events and modify a control’s text property

with code

■ Use Visual Studio Help

■ Debug an application

ASSIGNMENT 1: DEVELOP THE
PROGRAMMING MINDSET

Read Assignment 1 in this study guide. Then, read pages 2–20

in your textbook. Answer the “Checkpoint” questions for

sections 1.1, 1.2, and 1.3 to verify that you understand the

material. Note: The following assignment assumes you’re

familiar with computer components and applications.

Solving Real-World Problems

We sometimes do things that are simply not applicable out-

side the learning process. Although this course does contain 
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some activities that are purely conceptual, it’s important for

you to understand that programming is intended to solve

real-world problems. If humans were meant to spend all of

their time bogged down in repetitive and meaningless tasks,

then there would be no programs at all.

Take a common real-world problem. As a stocker within a

large grocery store chain, you have to track existing quanti-

ties of products, determine whether to stock and by how

much of each product, and reorder any products that are

running low. To track existing product quantities, you count

each product individually. To determine which products to

stock and by how much, you consult a worksheet provided

by your manager. By the end of the shift, you’re so exhausted

from counting and looking at worksheets, that you simply

eyeball how many products remain in the warehouse and let

your manager know if any more need to be ordered. This

process is tedious and inefficient. There has got to be better

way.

Alan Carter describes two different types of cognition in 

his blog The Programmer’s Stone (http://www.the-

programmers-stone.com/). These types of cognition are

referred to as packers and mappers. Packers tend to stack

information in disconnected piles, while mappers build rela-

tionships between information. Mappers are less focused on

gathering information and more focused on knitting informa-

tion together into complex systems. Although the packing

mentality is excellent for performing simple, repetitive tasks,

it’s mapping that places each task within the overall objective

and digs into the purpose of the entire process. Everyone

has both packer and mapper capabilities, despite the fact

that mappers are quite rare. Far too often, society reinforces

packing and discards mapping activities as “daydreaming.”

The ability to understand the components of a problem and

create a solution is inherently a mapping activity. To become

a successful programmer, you need to dissect a problem into

pieces, understand how each piece relates to each other, and

recognize common patterns to solve it. This process is similar

to solving a jigsaw puzzle. Unlike a jigsaw puzzle, however,

many pieces are blank and uncut; it’s up to the programmer

to create and fit them with existing pieces.
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Computer Components

In general terms, hardware is the physical device, while soft-

ware is its instructions. If hardware represents instruments

in an orchestra, then the software would be the actual music.

Hardware can be divided into three different categories:

processor, memory, and I/O (input/output). Software can be

similarly divided into three layers: firmware, OS (operating

systems), and applications. 

Memory can be either persistent or volatile. Storage is known

as persistent memory because its data is maintained even

when the computer is turned off. System memory is known

as volatile memory, because its data is temporary and

requires constant voltage. Once the computer is restarted,

volatile memory is cleared. For a program to execute, its

instructions must be loaded from storage into system

memory. The processor is responsible for following the

instructions, receiving input, and generating output. The

input could be an I/O device such as a keyboard or a URL

for a Web site. The output could be an I/O device such as

the screen or a local text file.

In the modern development world, software is more complex

to define. Before moving into the layers of software, it may

be helpful to understand its core components: data and 

instructions. Data describes the what, while the instruction

describes the how. Data could be your username and 

password, a quarterly sales average, or a phone number.

Instructions could include logging a user into a Web site,

creating an annual sales report, or texting a message from a

cellphone.

Luckily, you don’t need to know the inner circuitry of a

device to write a program that uses it. Software is layered so

that programs are built upon each other, separating user-

level applications from low-level processor instructions. This

concept is known as abstraction. Although a gasoline engine

uses internal combustion, you don’t need to have a doctorate

in thermodynamics to drive a car. In the same way, you don’t

need to understand sound wave mechanics to create a pro-

gram that plays a MP3 file. Abstraction enables programmers

to build upon other programs without having to re-create the

wheel each time.
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Figure 1 provides a glimpse of the levels of

software design. Firmware is code associated

with specific devices such as DVD drives,

cable modems, and optical cameras. The

operating system, such as Microsoft

Windows 7, Mac OS X, or Linux Mint 10,

provides centralized management for

resources, such as the file system, memory,

and network. User applications include

standalone programs like Microsoft Office

Word 2010 and Adobe Photoshop CS5, 

programming frameworks like the Java 6

Runtime Environment and Microsoft .NET

Framework 4, and Web sites such as

Amazon and Facebook. This beginning

course will focus on the user application

level.

Algorithms and Statements

As mentioned in the previous section, a

program is a combination of data and

instructions. Imagine that you had to give

someone directions on how to get to your

house. Your directions might look some-

thing like this:

1. Go to Lark Lane and take the next

left.

2. Continue until you reach Merry Circle

and take a slight right.

3. My house is the second one down from

the stop sign on the left.

Although these directions may lack some

precision for a computer to follow, a program

defines a similar series of steps. These steps

are known as an algorithm. The following is

a more likely algorithm that you would find

in a business application:

1. Find the total number of stocked items for a product.

2. Compare that total number to the stock threshold.

FIGURE 1—Software Levels
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3. If the total number is less than the stock threshold,

then reorder the product.

4. Continue to the next product.

Algorithms can be broken down into instruction sets and

further, into individual statements. A statement is a discrete

instruction such as “take the next left” or “reorder the product.”

Statements usually contain expressions to make calculations

or to determine the next course of action. An expression

could include mathematical operations like 5 + 5 or x – 10,

or true/false evaluations like 10 > 5 or x # 10. The plus (+)

and minus (–) signs, and the greater-than (>) and less-than-

or-equal-to (#) symbols are known as operators.

Like writing the English language, programs expect a certain

logical order to how statements are written. This order is

known as syntax. Take the following statement:

me dog bitten

This statement is not only grammatically incorrect, but is

completely nonsensical. This statement would be a syntax

error. By using the rules of grammar, including capitalization

and punctuation, and rearranging the existing words into a

logical order, you could get the following statement:

The dog bit me.

This statement contains a specific and recognizable meaning.

You could have a statement with correct syntax, but convey

an entirely different meaning. The following statement would

be considered a semantic error:

I bit the dog.

Although most programming languages can detect syntax

errors, semantic errors are much harder to find. Some

semantic errors can cause errors while the program runs

but most simply provide unexpected results. The best way to

reduce semantic errors is to use inline comments and docu-

ment your programs. Many programmers have regretted not

using comments and documentation when coming back to

modify a program months later.
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Early Programming Languages

Like to levels of software, programming languages and frame-

works have evolved from machine code to syntax resembling

human speech. In the same way, these languages build upon

each other in layers, so that translation is automatic. For

example, you can write an arithmetic expression like 3 + 2

without converting the decimal values to binary bits or per-

forming the underlying bitwise arithmetic.

The first-generation of programming languages are known

as machine-level code. Computer circuits use Boolean values

either to represent a closed circuit for electrical transmission

(1) or an open circuit for no electrical current (0). At the

machine-level, data and instructions are represented as

binary bits (a number system based on ones and zeros) or

hexadecimal digits (a number system using 0–9 and A–F with

a base of 16). Because no translation is required, programs

developed in first-generation languages are executed directly

by the CPU. These programs are very efficient but offer no

portability with other systems.

The second-generation programming languages (2GL) are

known as assembly code. Assembly code uses abbreviations

to represent operation codes and names to represent memory

locations. For example, take the following lines of code (using

MIPS assembly language):

li $v1, 3 #Loads the value 3 into register named v1.

li $v2, 2 #Loads the value 2 into register named v2.

add $r1, $v1, $v2 #Stores the sum of v1 and v2 in register r1.

The operation code li stands for “load immediate value”, while

the operation code add represents the arithmetic operation

of addition. The code $v1, $v2 and $r1 represent memory

locations to store data. For assembly code to be run, it must

be translated into binary bits using the assembler. The

assembler also performs a syntax check to make sure the

code can be executed. Although second-generation languages

offer better portability and readability than machine-level

code, an assembler is required for each type of CPU and is

tedious for even simple tasks.
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Modern Programming Languages

The third-generation programming languages (3GL) are

known as high-level code. High-level code focuses more on

the programmer’s language rather than on the language of a

particular processor. The syntax is based on logical operations

and names rather than operation codes and memory locations.

Third-generation languages are divided into procedural 

programming languages and object-oriented programming

languages.

Procedural programming languages, like assembly code, store

data separately from instructions. Data is stored in variables

and other structures, while instructions are grouped into

procedures and larger structures called modules. Procedural

programming languages include BASIC, COBOL, C, and

FORTRAN.

Object-oriented programming languages store data and

instructions within a single container called a class. A class

is a blueprint for real-world objects such as products on a

shelf or checkboxes on a form. Objects store their data as

attributes and group their instructions into methods. Object-

oriented programming languages include C++, Java, C#, and

Visual Basic.

The fourth-generation programming languages (4GL) are

known as natural syntax. Natural syntax provides non-

programmers a way to execute statements with an emphasis

on results, rather than process. For example, a business

manager wants to receive the top 10 sales totals for the

Northeastern region. The following SQL statement would

retrieve those results:

SELECT TOP 10 SalesTotal FROM SalesData WHERE Region = ‘NorthEast’

Fourth-generation languages include SQL and variants like

LINQ and ESQL, and application-specific languages such as

ColdFusion, Mathematica, and PowerBuilder.
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Programming Environments

Modern programming languages aren’t self-sufficient. They

rely on translators, specialized services, and code libraries to

execute. To translate the language into executable instructions,

programs use interpreters or compilers. The code written for

a specific language is known as source code, while the result

of translating code into executable instructions is known as

executable code.

Interpreted languages use interpreters to translate source

code line-by-line or chunk-by-chunk. Usually, the translation

process is intended for yet another program to execute. For

example, take a script in a Web page to change the image

when a user moves the mouse over it. The script is first

written in a standard 3GL or 4GL language, then fed into the

browser’s interpreter. The interpreter instructs the browser to

monitor the user’s mouse movements and load a different

image when the rollover event occurs. Interpreted languages

include JavaScript, ActionScript, and VBScript.

Other languages use compilers for more complex operations.

Compiled languages translate the entire source code directly

into assembly or machine instructions. Compiled languages

include Java, C#, and Visual Basic. Whereas most inter-

preted languages detect errors only while the program is

running, the compiler detects all syntax errors before the

code is translated. Think of the compiler as an interested

messenger. The interpreter will forward messages as

unopened no matter how erroneous. The compiler will open

the message, read through the whole message, and return it

to you before delivery if there are any errors. Most compilers

provide warnings and suggestions as well. It’s tempting to

think of the compiler as an unwelcome interloper, but as you

compile more code, its messages will save valuable time!

Beyond translation, programming environments also provide

specialized services and prebuilt code libraries known as

frameworks. For Java, it’s the Java Runtime Environment.

For C# and Visual Basic, it’s the Microsoft .NET Framework

(Figure 2). Visual Basic 2010 uses the .NET Framework 4 by

default.
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Languages that use the Microsoft .NET Framework undergo

a two-step compilation. The first compilation translates the

chosen language into Microsoft Intermediate Language (MSIL)

and then immediately before executing the code, the Just-in-

Time (JIT) compiler translates the MSIL into assembly code.

Because all .NET languages like C# and Visual Basic trans-

late to the same MSIL code, the language choice is based on

personal preference and not features. Because the JIT com-

piler translates the MSIL code immediately before execution,

.NET applications are transportable to any computer that

runs the Common Language Runtime (CLR).

FIGURE 2—Microsoft .NET

Framework
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Development Life Cycle

Planning is key to the success of any project, and program-

ming is no different. You want users excited about your

application, not dreading the experience. It’s helpful to

remember that your goal is rarely to create a program that

performs preset tasks, but to develop a solution that solves

one or more problems with the existing set of tasks.

Although there are many planning models available, the fun-

damental five stages are define, design, deploy, evaluate, and

refine. As you can see in Figure 3, these stages are cyclical

and continuous.

During the define stage, the primary activity is known as

requirements analysis. Requirements analysis is the process

of documenting the existing problem and the needs of any

potential solutions. Requirements analysis focuses on the

user experience and should be readable by end-users. A com-

mon documentation in requirements analysis includes usage

scenarios and use-case diagrams. Figure 4 is an example of a

use-case diagram for ordering medical supplies.

FIGURE 3—The Fundamental Five

Stages of Development
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The use-case diagram depicts three actors: Medical Office,

Inventory System, and Supplier System. Actors are either

users or other applications that send or receive information.

The arrow indicates the information flow for each logical

function.

During the design stage, one of the primary activities is

known as prototyping. Prototypes are sample models of a

proposed solution.

Low-fidelity prototypes are paper-based models that include

■ User interface (UI) design documents, such as screen-

shots and other visual artifacts

■ Internal algorithm documents, such as pseudocode and

diagrams for state and flow.

These prototypes capture both the internal and external

aspects of the software solution. In your textbook, Figure 1-9

on page 17 demonstrates a primitive sketch of the UI design,

while Figure 1-10 on page 19 shows an example of a basic

flowchart. Pseudocode is simply a programming algorithm

written in nonprogramming terms without regard to any

single language’s syntax.

FIGURE 4—Use-case Diagram for Ordering Medical Supplies
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Unlike low-fidelity prototypes, high-fidelity prototypes provide

some degree of functionality and are computer-based. A high-

fidelity prototype can provide partial functionality or full

functionality, depending on whether the need is to test the

user experience or actual performance. Microsoft developed

Visual Studio for rapid application development (RAD), so 

that prototypes can be quickly designed and used in testing

environments without too much complexity.

During the deploy stage, the program is made available to

and executed by users. The scenario could be a single user, 

a selected group of test users, or the entire user audience.

Deployment can differ greatly depending on the application. 

A Web site requires users to access the application from

their browsers, while a Windows Forms application must be

installed on the user’s local machine.

During the evaluate stage, the program is tested to make

sure it works as expected. During the design stage, parts of 

a complex application may have been tested using what’s

known as a unit test. By the time the program has reached

the evaluate stage, all error and performance testing should

have already taken place, and it’s now up to the users to give

their assessment.

Software doesn’t stay static; it evolves. The evaluate stage will

provide information on how the application can be improved

and expanded in functionality. During the refine stage, a plan

is created to address how to make these changes to the cur-

rent application. The life cycle then continues to the define

stage again.
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Self-Check 1

At the end of each section of Visual Basic, you’ll be asked to pause and check 

your understanding of what you’ve just read by completing a “Self-Check” exercise.

Answering these questions will help you review what you’ve studied so far. Please 

complete Self-Check 1 now.

1. How would you reduce the tediousness and inefficiency for the grocery store stocker in the

real-world problem at the beginning of the assignment?

__________________________________________________________

2. Would you describe yourself as a packer or mapper? Which characteristics led you to your

decision?

__________________________________________________________

3. Using the principle of abstraction, describe how you’re able to watch television without under-

standing infrared transmission, broadband airwaves, and LCD (liquid crystal display) screens.

__________________________________________________________

4. What is the fundamental difference between a first-generation programming language and a

fourth-generation programming language?

__________________________________________________________

5. What is the common purpose of an assembler, interpreter, or compiler? How do their 

purposes differ?

__________________________________________________________

Check your answers with those on page 213.
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ASSIGNMENT 2: TOUR VISUAL
STUDIO AND VISUAL BASIC

Read Assignment 2 in this study guide. Then, read pages 20–35

and 95–98 in your textbook. Answer the “Checkpoint” questions

for sections 1.5 and 2.8 to verify that you understand the

material. 

An Integrated Development

Environment

An integrated development environment (IDE) is a suite of tools

for designing, developing, automating, and deploying pro-

grams. An IDE consists of code editors, a compiler and/or

interpreter, a debugger, and other helpful tools such as

visual UI designers, testing components, and diagram genera-

tors. Think of an IDE as the workspace for a programmer

similar to a carpenter’s workshop. Whereas a carpenter uses

hammers and nails to build furniture, a programmer uses

designers and editors to build programs. The term building

refers to the process of compiling programs within a software

solution.

Microsoft Visual Studio (Visual Basic 2010 Express Edition)

is the IDE you’ll use for Visual Basic in this course. If you

haven’t already installed Visual Studio, you can either install

the Visual Basic 2010 Express Edition from the Microsoft

DVD or download it (see page xix in your textbook for more

details). The following activity assumes that you do not have

the DVD. 

Activity 1-1: Install Visual Studio

(Visual Basic 2010 Express Edition)

1. Download the Visual Basic 2010 Express Edition from

the Microsoft Visual Studio Page (Figure 5).
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The current download URL is

http://www.microsoft.com/visualstudio/en-us/

products/2010-editions/visual-basic-express

a. On the Web page, choose your language as English,

and click the Install Now button in the lower right-

hand corner.

b. Choose to save the file.

c. Once the download is complete, run the vb_web.exe

file. If you’re prompted to allow the program to make

changes to your computer, click the Yes button.

2. Navigate through the Microsoft Visual Basic 2010

Express Setup wizard. 

a. Click the Next button.

b. On the Licence Terms page, choose the I have read

and accept the license terms radio button.

c. You can change the installation location if you would

like. Click the Install button.

d. The installation should take a few minutes. Click the

Exit button when you reach the Setup Complete page.

FIGURE 5—Visual Basic 2010 Express
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Visual Studio Solutions

Visual Studio is intended for developing enterprise software.

Enterprise software contains quite a few moving parts and

requires a good organization structure. So, in Visual Studio,

a complete software program is known as a solution, and

each component in that solution is known as a project. 

Visual Basic 2010 Express supports the following types of

projects:

Console Application. This program runs in the command-

line or DOS (disk operating system) prompt.

Windows Forms Application. This program uses a stan-

dard Windows graphical user interface (GUI).

WPF Application. These programs use the Windows

Presentation Foundation to create a media-rich GUI. See

Appendix B in your textbook for more information.

Class Library.  This is for reusable code library with no user

interface.

Now, let’s move on to create your first Visual Studio project.

Activity 1-2: Create Your First Visual

Studio Project

1. To launch Visual Studio, click on the Start Menu and

click the All Programs section. Choose Microsoft Visual

Basic 2010 Express in the Microsoft Visual Studio

2010 Express folder (Figure 6).

2.  In the File menu, choose New Project.

You can also click on the New Project

link in the Start Page.

3.  In the New Project dialog, choose

Console Application. Type the name

MyFirstApp in the Name text box at

the bottom (Figure 7).

4. Click the OK button.

FIGURE 6—You’ll find Microsoft Visual Basic

2010 Express in the Microsoft Visual Studio

2010 Express folder.
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5. In the File menu, choose the Save All option (or use the

shortcut Ctrl+Shift+S).

6. In the Save Project dialog, type StartingOutWithVB in

the Solution Name text box.

7. Leave all the other defaults, and click the Save button

(Figure 8).

FIGURE 7—Enter MyFirstApp in the Name field at the bottom of the window.

FIGURE 8—After completing Steps 6 and 7, click Save in the Save Project dialog box.
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Windows and Panels

Like many other applications, Visual Studio provides windows

to work on more than one file at a time and panels to provide

other tools on the same screen. Read through pages 28–35 in

your textbook to learn how to control windows and panels

(Figure 9).

FIGURE 9—The Visual Basic 2010 Express Windows and Panel
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The number of panels and windows can seem overwhelming

at first. For most projects in this course, you need to be con-

cerned only with the panels listed below.

Solution Explorer. This panel contains all of the files asso-

ciated with the current project and/or solution. You can add

files to your project using the Project menu or the right-click

menu in the Solution Explorer.

Document Panel. This contains all of your open documents

in a tabbed interface. The asterisk (*) character indicates

whether a file has been modified since it was last saved. You

can open documents by double-clicking in the Solution

Explorer panel or using the File menu.

Properties. Everything in this panel is contextual. If you

click on a file within the Solution Explorer panel, then file

properties will be displayed. If you click on a Button control

in a Windows Form document, then properties for the Button

control are available. Some properties will be read-only.

Toolbox. This contains visual components you can add 

to Windows Forms and other designers. You can use the

Toolbox to add simple controls like Button or ComboBox or

complex application logic like the ErrorProvider component.

Menus and Help

You may not use every menu in Visual Studio, but the follow-

ing menus are worth learning.

File. If for no other reason, you should know this menu so

that you save and save often. The keyboard shortcut for the

Save All option (Ctrl+Shift+S) will save you hours of frustra-

tion. The Save All option will save all documents in the

Document Panel.

Edit. Like other applications, this is useful for cutting and

copying and undoing your work. You might find it simpler to

use the keyboard shortcut (Ctrl+Z) to perform undo opera-

tions quickly.

Debug. This menu contains the options for building and

running your programs. Over time, you might find this menu

the most used.



Visual Basic26

Help. This menu provides more than documentation; it also

provides sample applications and code. You can get contextual

help at any time by selecting a property in the Properties

panel or highlighting some code and hitting the F1 key.

Instead of using the menus and keyboard shortcuts, you

can use the main toolbar under the menu. To find out

what a button does, you can move your cursor over the

button and a tooltip explaining its purpose will appear. 

To learn more about using Visual Studio help, read pages

95–97 in your book.

Visual Basics

Visual Basic 2010 is an evolution of the Basic language. Like

Basic, Visual Basic isn’t case-sensitive and executes state-

ments line-by-line. Although Visual Studio automatically

wraps long lines in the source code editor, it’s good practice to

divide long statements by lines manually and, in some cases,

combine short statements into one line.

The following code breaks up a statement among multiple

lines using the line continuation character (_):

Dim x As String = “Welcome to the application.” & vbCrLf & _

“We are glad that you can join the wonderful world of programming”

The following code combines multiple statements into a single

line using the line combination character (:):

x = 10: y = 20 : z = 30

Keywords are words that are restricted only as identifiers or

operations within the Visual Basic language. Keywords will

automatically appear in blue in the code editor. You can use

keywords for variable names, but you must enclose them in

square brackets ([]). For example, to use the keyword Stop to

name a method, you would need to write the following code:

Sub [Stop]()

‘Nothing here yet

End Sub

Sometimes, you may need to add comments that should not

be compiled or executed. Comments can indicate helpful

remarks such as assumptions or explanations of preceding
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code. In Visual Basic, the apostrophe character (‘) is used to

indicate a comment. The code editor will automatically place

comments in green. The following code is good example of

using a comment:

If x > 5 Then z = 10 ‘Assumed that x is not negative

Now that you understand the basics, it’s time to write your

first program!

Activity 1-3: Develop and Debug a

Console Application

1. If you’ve closed out of the “MyFirstApp” project and

Visual Studio, then launch Visual Studio first, (Refer

back to Step #1 of Activity 1-2). In the Start Page doc-

ument, click MyFirstApp link in the Recent Projects

section (Figure 10).

FIGURE 10—Find MyFirstApp 

under Recent Projects
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2. The Module1.vb file should be open in the Document

Panel. If not, double-click the Module1.vb file in the

Solution Explorer. You should see the following default

code provided:

Module Module1

Sub Main()

End Sub

End Module

3. The Main method is the entry point for the program. Add

the following comment in the Main method as follows:

Sub Main()

`Entry point for the program

End Sub

4. The Console class is used for writing and reading infor-

mation in the command-line. Add the statement

Console.WriteLine(“Hello, World!”) to the Main method.

You should notice drop-down lists appear as you’re typing.

This is known as IntelliSense. IntelliSense attempts to guess

your next move and provide all of the available options for a

statement as you type (Figure 11). You can use your mouse

or arrow keys to choose an option and the Tab key to accept

an option.

FIGURE 11—IntelliSense displays available options as you work.
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Note: Normally, the console application will close when its

work is completed. To keep the console visible until the

Enter key is pressed, add the statement Console.ReadLine() to

the Main method.

Verify that the code in Figure 12 matches yours.

5. Save your work. You can either use the File menu option

Save Module1.vb or the keyboard shortcut Ctrl+S. If

you want to get into the habit of saving everything open,

you can also use the Save All option or the keyboard

shortcut (Ctrl+Shift+S).

6. Build the program. In the Debug menu, choose the Build

MyFirstApp option. The status bar at the bottom of the

screen should display Build Succeeded. If not, go back

through the steps in this activity to find the problem(s).

7. Run the program. You can either click the green triangle

button in the toolbar, choose the Start Debugging

option in the Debug menu, or hit the F5 key to run the

program. You should see the output in Figure 13.

8. To end execution, hit the Enter key. The debugging

session should end and drop you back in Visual Studio.

For further details on debugging, read pages 97–99 in your

textbook.

FIGURE 12—Check your work in Steps 2–4 with the code shown here.
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FIGURE 13—Check your output with the display here.

Self-Check 2

1. Which menu would you use to execute a program?

__________________________________________________________

2. Which key should you use to get contextual help?

__________________________________________________________

3. Which panel displays all files associated with an application project?

__________________________________________________________

4. Which character should you use to break a statement into multiple lines?

__________________________________________________________

5. Which character should you use to mark a comment?

__________________________________________________________

Check your answers with those on page 214.
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ASSIGNMENT 3: CREATE A 
WINDOWS FORMS 
APPLICATION

Read Assignment 3 in this study guide. Then, read pages 90–93

in your textbook. 

The Visual Studio Windows 

Forms Designer

A Windows Forms application is an application composed of

windows that each contain standard GUI controls. As an

application user, most of these controls should be very familiar

to you. Table 1-2 on page 12 of your textbook summarizes

usage for the most common controls.

Although you could write the code to create and place all

controls on a form manually, the Windows Forms Designer

provides a WYSIWYG (what you see is what you get) interface

that automatically writes the code for you. To add a control

to a form, you can (1) select the control in the Toolbox and

draw it on the form or (2) simply click-and-drag the control

with its default size from the Toolbox to the form. You can

also use the Properties window to set control properties

without writing any code to set these properties.

This designer-generated code is known as design-time code.

During design-time, Visual Studio will check your actions 

to ensure that its code won’t generate any errors. You can

modify design-time code, but it’s not recommended, because

any errors may prevent the designer from displaying the form.

Designer Tips

You might find it helpful to pin the Toolbox panel open so

it doesn’t auto-hide. Also, you can expand the Common

Controls section in the Toolbox to make it easier to find

standard controls. Using the All Windows Forms section in

the Toolbox is helpful only if you don’t know which category

to find a particular component. When you’re first learning,
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you may find that having all of the controls visible under the

All Windows Forms section listed alphabetically is helpful.

As you begin to develop your own applications, you’ll become

more methodical and find that looking in the desired cate-

gories is an immense timesaver.

This same logic applies to the Properties panel. By default,

properties are sorted alphabetically (Figure 14A). Again, this

is helpful when you know the name of the property you’re

looking for. As you explore more, you’ll probably find sorting

them by category is easier when you don’t know the specific

property name. Also, don’t get too concerned if you can’t

select a control on a form to access its properties. You can

choose the control from the drop-down list at the top of the

Properties panel instead (Figure 14B).

FIGURE 14A—Properties Window by Alphabet FIGURE 14B—Properties Window by Category
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The following activity will familiarize you with the Windows

Forms Designer.

Activity 2-1: Create a Windows Form

using the Windows Forms Designer

1. If you’ve closed out of Visual Studio, then launch Visual

Studio. (If you need help launching the program, refer

back to Step 1 of Activity 1-2).

2. Choose the Windows Forms Application project in the

New Project dialog. Name the project Lesson1WinApp

and click the OK button (Figure 15).

3. Using the Toolbox, add the Label, TextBox and Button

controls to the form.

a. Click and drag the Label control from the Toolbox to

Form1.

b. Click and drag the TextBox control from the Toolbox

to Form1.

c. Click and drag the Button control from the Toolbox

to Form1.

FIGURE 15—Enter the project name in the Name field at the bottom of the window.
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Organize the controls in Form1 so that they resemble the

layout in Figure 16.

4.  Select the Label1 control on Form1. In

the Properties panel, set the following

properties:

a.  Set the (Name) property to lblName.

b.  Set the Text property to Name:.

c.  Hit the Enter key to update the

form.

5.  Select the TextBox1 control on Form1.

In the Properties panel, set the following

properties:

a.  Set the (Name) property to txtName.

b.  Set the Text property to Nobody.

c.  Hit the Enter key to update the

form.

6. Select the Button1 control on Form1. In the Properties

panel, set the following properties:

a. Set the (Name) property to btnSayHello.

b. Set the Text property to Say Hello.

c. Hit the Enter key to update the form.

7. Click on a blank space of Form1. In the Properties

panel, set the following properties:

a. Set the (Name) property to HelloForm.

b. Set the Text property to Hello Form.

c. Set the Size to 200, 150.

d. Hit the Enter key to update the form.

Before saving, verify that your form is displayed in the

designer (Figure 17).

8.  Save the entire project.

a.  You can choose the Save All option from the File

menu or the keyboard shortcut Ctrl+Shift+S.

FIGURE 16—Check your work from Step 3 with

this image.

FIGURE 17—Does your

Windows Form look similar to

this image?
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b. In the Save Project dialog, type \StartingOutWithVB in

the Location text box and clear the Create directory

for solution check box.

c. Click the Save button.

Naming Conventions

On pages 14–16 of Chapter 1 in your textbook, you were

introduced to naming conventions. Using object-type prefixes

in names is known as Hungarian Notation. The complete

list is found in a Microsoft Support article located at

http://support.microsoft.com/kb/173738. Not all pro-

grammers follow these conventions, but most do.

Hungarian Notation and many other naming conventions 

follow the camel casing standard. Camel casing keeps the

first letter of the name lowercase, but then uses uppercase

for the first letter of each logical word or abbreviation. A com-

peting standard is known as Pascal casing, where even the

first letter is uppercase. 

Here are some examples of control and form names in camel

case:

frmLoginForOverallApp

btnGetReportData

If you were to use Pascal casing, then you would probably

dispense with Hungarian Notation and rename these control

objects as follows:

LoginForOverallAppForm

GetReportDataButton

Why worry about casing when Visual Basic isn’t case sensi-

tive? It’s simply because of readability and communication

with other programmers. This course will use Hungarian

Notation for controls and Pascal casing for classes, but you

can choose another system as long as you stick with it.
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Control Events

Events are covered in more depth in Lesson 3, but for this

section, a basic understanding is required. When writing the

application logic for a Windows Form, you’re responding to

user events. For example, when a user clicks a button, a

value is selected from the drop-down list or a user types a

character in a text box.

Most user events are obvious because controls are built to

expect a default action. To write application logic for a default

event, you need only double-click on the control in the

Windows Forms Designer. The Windows Forms Designer will

write the event-handling code and drop you into the source

code editor.

The MessageBox Class

The MessageBox class is used to display user output using a

modal dialog box, or window, which is a visual tile that must

be dismissed before the user can continue working in the

application. Message boxes usually appear when important

information must be displayed to the user. A message box

includes a caption at the top, content, and an icon indicating

an error or informational message. 

Read pages 90–93 in Chapter 2 of your textbook to learn

more about message boxes. In the next activity, you’ll use

the MessageBox class to respond to a Button control’s Click

event. 

Activity 2-2: Respond to an Event in a

Windows Forms Application

1. If you’ve closed out of the “Lesson1WinApp” project and

Visual Studio, then launch Visual Studio and, in the

Start Page document, click Lesson1WinApp link in the

Recent Projects section.

2. Double-click the btnSayHello button on the Windows

Forms Designer. This will create the event-handling code

and open the source code editor.
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3. Add this statement to the btnSayHello_Click method

(Figure 18):

MessageBox.Show(“Hello, “ & txtName.Text, “Hello World“)

This code will retrieve the value in the textbox txtName

and display a message when the user clicks the

btnSayHello button.

4. Save your work. (See #7 in Activity 1-3.)

5. Build and run the program (see Steps 8 and 9 in 

Activity 1-3).

6. Click the Say Hello button. A message box should dis-

play reading Hello, Nobody. Click the OK button to

close the message box.

7. Type your name in the text box. Then, click the Say

Hello button again.

8. Once you’ve completed testing, stop the debugging 

session by closing out of the Hello Form window.

FIGURE 18—The btnSayHello_Click Method with Added Statement
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Self-Check 3

1. What is the difference between Pascal and camel casing? Give one example of each.

__________________________________________________________

2. Name at least three events to which an application might respond.

__________________________________________________________

3. What is the purpose of the MessageBox class?

__________________________________________________________

Check your answers with those on page 214.



Visual Basic and the Visual
Studio Environment

OVERVIEW

After you’ve read through selected sections of Chapters 1 and 2

in your textbook and completed the study guide, you’re ready

to work on your first Visual Studio solution. This project will

assess your understanding of Visual Basic and the Visual

Studio Environment.

Make sure that you follow all directions completely and verify

your results before submitting the project. Remember to

include all required components in your solution or you won’t

receive full credit.

YOUR PROJECT

For your first project, you’ll create a login form using a

Windows Forms Application project in Visual Studio. The

login form will prompt the user for a username and pass-

word. This form is a high-fidelity prototype that will provide a

default message if the user clicks the OK or Cancel buttons.

Note: The output of this project will be used in the graded

project for Lesson 2.

INSTRUCTIONS

1. In Visual Studio, create a new Windows Forms

Application project named GroceryApp. Review tasks 1

and 2 in Activity 3-1 for details on this step.

2. Rename Form1.vb to LoginForm.vb. You can use 

(1) the Properties panel or (2) right-click Form.vb in the

Solution Explorer panel and choose the Rename option.
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3.  Add two Label, two TextBox, and two

Button controls to Form1 in the layout.

See Figure 19.

4.  Modify the design-time properties of

the form and its controls using the

following table:

5. In the Click event handler for the btnLogin control, add

the following statement:

MessageBox.Show(“Thank you for logging in, “ & _

txtUsername.Text, “Logged In.”)

(If you’re unsure of how to create event handling code

automatically, review task 2 in Activity 3-2.)

6. In the Click event handle for the btnCancel control,

add the statement Application.Exit() to close out of the

application.

7. Save your work and debug the application (If necessary,

refer to #7–9 in Activity 2-3).

8. Make sure the application works as intended.

Graded Project40

FIGURE 19—Check your work after com-

pleting Step 3 against the image shown

here.

LoginForm Text Please Login

LoginForm Size 300,125

Label1 (Name) lblUsername

Label1 Text Username:

Label2 (Name) lblPassword

Label2 Text Password:

TextBox1 (Name) txtUsername

TextBox2 (Name) txtPassword

Button1 (Name) btnLogin

Button1 Text Login

Button2 (Name) btnCancel

Button2 Text Cancel



SUBMISSION GUIDELINES

To submit your project, you must provide the following two

files:

■ LoginForm.vb

■ LoginForm.Designer.vb

To find these files, you should go to the directory where

you saved the GroceryApp project. To determine this

path, click on GroceryApp in the Solution Explorer panel.

Copy the value for the Project Folder property in the

Properties panel. In Windows Explorer, paste the file path

and hit the Enter key. Copy both the LoginForm.vb and

LoginForm.Designer.vb files to your desktop or any other

temporary location (Figure 20).

Graded Project 41

FIGURE 20—The files selected to copy are highlighted in Windows Explorer.



Use the following procedure to submit your project online:

1. Log in to view your student homepage and go to the

My Courses page.

2. Click on Take Exam next to the lesson you’re working on.

3. Attach your files as follows:

a. Click on the Browse box.

b. Locate the file you wish to attach.

c. Double-click on the file.

d. Click Upload File.

e. If you have more than one file to attach, repeat 

steps a–d for each file.

4. Enter your e-mail address in the box provided. 

(Note: Your e-mail address is required for online 

submissions.)

5. If you wish to include comments about this project to

your instructor, enter your comments in the Message

box.

6. Click on Submit Files.

GRADING CRITERIA

Your project will be graded using the following guidelines.

■ All controls have correct 

properties set. 170 points

■ The Login button displays the 

correct message box. 110 points

■ The Cancel button closes out 

of the application. 110 points

■ Both source code files are included. 110 points

TOTAL 100 points

Graded Project42



Data Types and Application
Logic

INTRODUCTION

As a programmer, you’ll need to perform operations on data

and control the application flow. This study guide will intro-

duce you to using data types and statements in Visual Basic.

In addition, you’ll learn about how to logically group values

and statements using arrays and procedures, respectively.

This study guide assumes you’re using Visual Basic 2010

Express with all Visual Basic compiler options turned on. In

your textbook, see pages 24–25 on how to enable these

options and pages 141–143 for more details on how these

options can improve your programming experience.

OBJECTIVES

When you complete this lesson, you’ll be able to

■ Declare variables for values and choose the appropriate

data type

■ Convert and format data types as needed

■ Explain how to evaluate expressions

■ Differentiate between various types of expressions

■ Define application logic using appropriate control 

statements

■ Declare and use arrays to handle multiple related values

■ Describe multidimensional arrays

■ Define and use procedures

■ Differentiate between a subroutine and a function
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ASSIGNMENT 4: STORE AND USE
DATA WITH VARIABLES AND
EXPRESSIONS

Read Assignment 4 in this study guide. Then, read pages 122–157,

233–239, and 817–818 in your textbook. Answer the “Checkpoint”

questions for sections 3.1, 3.2, and 3.3 to verify that you

understand the basic material. Note: Activity 4-1 in this sec-

tion assumes that you understand how programs use main

system memory. If not, you may need to review Assignment 1

in this study guide.

Data Types and Storage

When considering how programs store data, think of memory

as a library. Media is sorted by type, category, and finally by

author. Media could include printed and audio books, DVDs,

magazines, and newspapers. Categories include fantasy, 

history, and even historical fantasy. To retrieve an item

in the library, a catalog system is used to look up a special

identifier.

This special identifier is known as a variable. A variable is

used to look up and retrieve data located at a specific loca-

tion in memory. Just as a library is sorted by media type,

variables are reserved in memory depending on their data

type. Just as a librarian must organize new media based on

its type, you, as a programmer, must determine the correct

data type when handling user input and output (Figure 21).

Although you can create your own data types, the

.NET Common Language Runtime (CLR) provides

built-in types to represent text, numbers, and

Boolean values. These built-in types are known as

primitive types because they’re the foundation for

all other data types. Each data type has different

storage requirements, representation mechanisms,

and allowable conversions. These differences deter-

mine which data type you should choose when

handling values.

FIGURE 21—The Memory Library
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The simplest data type is the Boolean. A Boolean value 

represents either the value True or False. You should use

the Boolean data type to specify an on/off value or either/or

choice. For example, a Boolean value could represent

whether a user is a new customer or whether the Shift

key is being held down.

To represent text characters, the Char data type is used.

Because the CLR uses Unicode, each character can represent

any 2-byte character using UTF-16 encoding. The UTF-16

encoding system can represent most of the known languages

in the world. Although technically a String isn’t a primitive

type, text in the String data type is stored as an array of

Char values. An array is an ordered list of items that will be

discussed in a further assignment.

There are many data types available for numeric values.

These data types can hold numbers small or large, positive 

or negative, and even fractional amounts. The fundamental

numeric data type is a Byte. The Byte data type can only

contain positive values from 0 to 255. You should use the

Byte data type when only low, positive values are required.

For example, you could use a Byte value to represent the

number of desktop users or expected password length.

The data type Integer is four times the size of the Byte and

can store both negative and positive values. In most cases,

you’ll use an Integer value to represent whole numbers. An

Integer could represent the number of weeks in a sales

report or transistors in a circuit board. If a smaller size is

required, then you can choose the data type Short. If a

larger size is required, then you can choose the data type

Long. See Figure 22 for more storage differences between

these data types.

If fractional amounts are expected, then you’ll need to use a

floating-point number. Floating-point is an exponent-based

system for representing fractional amounts by varying

degrees of precision. Precision indicates the number of signifi-

cant digits (excluding leading and trailing zeros) that are

stored for a value. The data types Single, Double, and

Decimal represent floating-point numbers. You would use

the Single data type to represent low-precision values, such

as an interest rate or official grade point average. For higher
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precision values, you can use Double to represent employee

salaries and customer demographics. Scientific research will

require the additional precision offered by the Decimal data

type. Refer to Figure 22 for example values for these floating-

point numbers.

Declaration and Type Conversion

All data used by a program is stored in memory. Literal values

are stored temporarily, while variables reference data that

can be reused. If there’s a value in your code that will be

used more than once or varies based on the situation, then

you should use a variable. To declare a variable to hold a

value, you must use the following syntax:

Dim var [As DataType]

The Dim keyword is short for the word dimension and reserves

the variable name for referencing a value. In Visual Basic,

identifiers can contain a letter, digit, or underscore (_), but

the first character can’t be a digit. So, you can have a vari-

able named _1stVar or firstVar, but not 1stVar. To declare a

variable that can store any kind of value, you can use the

default data type Object. Later on in your program, there will

FIGURE 22—Data Types with Their Sizes and Values
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be further discussion on object-oriented programming. For

now, treat the Object data type as a variable that can store

any type of data, regardless of its actual value.

The following code demonstrates how to declare variables:

Dim num As Integer

Dim num1, num2, num3 As Double

Dim strUsername = “jhester”

Notice that the second line declares three variables at once

using the comma (,). The third line includes an assignment

operation, so that the variable strUsername is declared and

assigned the value jhester. Because the data type of the value

is the data type String, the data type is set implicitly without

requiring the As keyword. The assignment operation uses the

equals (=) operator to associate the variable on the left-hand

side with the value on the right-hand side. Take the following

code example:

Dim num1 As Integer = 10

Dim num2 As Integer

num2 = num1

This code declares two Integer variables, num1 and num2. The

variable num1 is assigned the value 10, and then the variable

num2 is assigned to the value of num1. Think of this assignment

operation as copying the value from one variable and moving

that copied value to the other variable.

When variables are of the same data type, there’s no problem.

When these variables are declared with different data types,

a conversion is required. Conversions can be either implicit

or explicit. Think of a conversion as moving a value from one

container to another, with some containers being larger than

others. An implicit conversion occurs automatically when

moving a value from a smaller container into a larger one.

Take the following code for an implicit conversion:

Dim b As Byte = 255

Dim i As Integer = b

As seen in Figure 22, the required storage for a Byte value is

much smaller than that of the Integer data type. The range of

numbers for Integer can easily accommodate the value 255

without any data loss.



Visual Basic48

Because data loss can occur when moving values from a

larger container into a smaller one and a conversion could

result in an error, an explicit conversion is required in these

cases. An explicit conversion requires a CXXX function, spec-

ifying the target data type. Table 3-12 on page 146 of your

textbook shows some common conversion functions. You can

either use one of these specialized conversion functions or

the generic CType function. The CType function specifies the

target data type by name. The following code example demon-

strates explicit conversions:

b = CByte(i) ‘Same as b = CType(i, Byte)

i = CInt(“$35,000”) ‘Same as i = CType(“$35,000”, Integer)

When converting String values to other data types, you

might see some code that uses the methods Parse and

TryParse rather than a CXXX function. These methods are

functionally the same, but are more familiar to C# and Java

programmers than those who use Visual Basic.

Sometimes a name is useful, but the value shouldn’t change

in the program. These types of values are known as 

constants. A constant is declared using the Const keyword

rather than Dim and by convention is in all uppercase. The

compiler allows only one assignment to a constant to protect

its value. You could use a constant to represent a default

location for a file path or the current computer name.

Default Values and Scope

When declaring a variable using a primitive data type, the

variable is assigned a default value. The default value for a

Boolean variable is False, while the default value for a Char

variable is the blank or empty character. All numeric types

default to the value 0. When declaring a variable for all other

data types, the default value is Nothing. The value Nothing

represents an empty container.

Variables are only available for a limited time. This limitation

is known as scope. In simple terms, a variable is available

only within the code block in which it’s declared. If you

declare a variable within a procedure, then that variable isn’t
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available in other procedures. Behind the scenes, the CLR

appends the scope to the variable name, so that the same

variable name in different scopes is actually different.

The following code demonstrates variable scope:

Module Main

Dim globalVar As Integer ‘In the Main scope

Sub Proc1()

Dim var As Integer = 1 ‘In the Proc1 scope

End Sub

Sub Proc2()

Dim var As Integer = 2 ‘In the Proc2 scope

End Sub

End Module

If you ignore scope, then it may seem like the same variable

named var has two different values: the assigned value of 1

in Proc1 and the value 2 in Proc2. Actually, the variables in the

procedures are actually stored as Proc1::var and Proc2::var,

respectively. So any modifications to the var variable in Proc2

won’t affect the value of var in Proc1. The variable globalVar is

available to the procedures Proc1 and Proc2, because these

procedures are in the same module. Other modules would

not have access to globalVar.

Operators and Expressions

An expression is something that must be calculated or

looked up during the execution of a program. Expressions

can contain literal values, variables, constants, operations,

and/or functions. The process of determining the value for an

expression is known as evaluation.

Note: Functions will be discussed further in a future assign-

ment. For now, treat a function as a black-box that accepts

input and returns a result. For example, the CDbl function

accepts a value and returns a Double value. You needn’t be

concerned with how the CDbl function works, only how to

use it.

Visual Basic provides several arithmetic operators for

numeric expressions. An operator is a symbol or keyword

that represents a built-in function. Table 3-4 on page 135 in
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your textbook contains the standard arithmetic operators,

while Appendix C demonstrates how to translate mathemati-

cal calculations to Visual Basic syntax. You can combine

arithmetic operators with the assignment operator for an

increment/decrement shorthand. For example, you could

rewrite x = x + 3 as x += 3. Table 3-7 on page 138 in your

textbook summarizes these shorthand operators.

The String data type has a specialized operator (&) for com-

bining strings. This operation is known as concatenation.

Although you can use the addition operator (+) for combining

strings, coding convention recommends using the concatena-

tion operator (&) instead. You should use the addition

operator (+) for numbers and use the concatenation operator

(&) for String values.

Whereas arithmetic operators are intended for mathematical

expressions, comparison, and bitwise operators are intended

for conditional expressions. Conditional expressions are those

that produce a Boolean value. Conditional operators perform

comparisons, such as greater-than (>), less-than (<), and

equals (=). The Not operator reverses the Boolean value, so

that a True value becomes a False value and a False value

becomes a True value. The bitwise operation Or tests two

conditions and returns True if either condition is true. The

bitwise operation And tests two conditions and returns True

only if both conditions are true. Here are some examples of

conditional expressions:

num1 > 0 or num1 = 0 ‘Equivalent to the expres-

sion num1 >= 0

boolHasOrder And Not boolIsReturningCustomer 

‘Only true if it is a new customer with an order

In the next activity, you’ll test arithmetic and conditional

expressions in a console application.
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Activity 1-1: Evaluate Arithmetic and

Conditional Expressions

1. To launch Visual Studio, click on the Start Menu and

click the All Programs section. Choose Microsoft Visual

Basic 2010 Express in the Microsoft Visual Studio

2010 Express folder.

2. In the File menu, choose New Project. You can also

click on the New Project link in the Start Page.

3. In the New Project dialog, choose Console Application.

Type the name Lesson2Activity1 in the Name text box

at the bottom.

4. Click the OK button.

5. The Module1.vb file should be open in the Document

Panel. If not, double-click the Module1.vb file in the

Solution Explorer.

6. Add the following code to the Main method:

Dim varBoolean As Boolean

Dim varByte As Byte

Dim varInteger As Integer

Dim varDouble As Double

‘Operation code will go here later

Console.WriteLine(“Boolean: “ & varBoolean)

Console.WriteLine(“Byte: “ & varByte)

Console.WriteLine(“Integer: “ & varInteger)

Console.WriteLine(“Double: “ & varDouble)

Console.ReadLine()

Before you run this code, take time to consider what you

predict the output will be.

7. Save your work. You can either use the File menu option

Save Module1.vb or the keyboard shortcut Ctrl+S. If

you want to get into the habit of saving everything open,

you can also use the Save All option or the keyboard

shortcut (Ctrl+Shift+S). Keep the project name the same

and clear the Create directory for solution checkbox if

it’s checked. Click the Save button.
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8. Build the program. In the Debug menu, choose the Build

Lesson2Activity1 option. The status bar at the bottom of

the screen should display Build Succeeded. If not, go back

through the steps in this activity to find the problem(s).

9. Run the program. You can (1) click the green triangle

button in the toolbar, (2) choose the Start Debugging

option in the Debug menu, or (3) hit the F5 key to run

the program. Remember that variables have default val-

ues. Did the output meet your expectations?

10. To end execution, hit the Enter key. The debugging ses-

sion should end and drop you back in Visual Studio.

11. In the Main method of the Module1.vb file, add the fol-

lowing code after the comment ‘Operation code will go

here later:

varDouble = (10 Mod 5) * 100 + 1 / 10

varInteger = 10 - 5

varBoolean = varInteger > varDouble

12. Before you run this code, what do you predict the output

will be?

13. Save your work, and build and run the program. Did the

output meet your expectations?

14. In the Main method of the Module1.vb file, add the fol-

lowing code after the varBoolean assignment statement:

varInteger = varDouble + 256

varByte = varInteger 

You should get an error for both lines. What do the error

messages in the Error List panel mean?

15. Modify the two lines to resolve the error message as 

follows:

varInteger = CInt( varDouble + 256 )

varByte = CByte( varInteger )

Save your work, and build and run the program. You

should get a runtime error OverflowException was unhan-

dled. The reason you received this error is because the

value stored in the variable varInteger is too large for

the Byte data type to handle. Remember, a Byte can

store numbers only in the range 0 to 255.
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16. Stop debugging the program. You can either (1) click the

blue square in the toolbar, choose the Stop Debugging

option in the Debug menu, or (2) hit the Ctrl+Alt+Break

key combination to stop the program running.

17. Modify the code that assigns the varByte variable as 

follows:

varByte = CByte(varInteger - 1)

18. Save your work, and build and run the program. Notice

how the value for varInteger is rounded and that the

value for varByte is now at the upper range of a Byte

value

19. To end execution, hit the Enter key. The debugging ses-

sion should end and drop you back in Visual Studio.

20. This same project will be used in Activity 1-2, so you

can keep it open.

Using Strings

String values represent variable length text and are enclosed

in double quotes (“). String values are immutable, which

means once a value is set, it can’t be modified. Whether its

literal or variable, each String value is actually read-only,

although Visual Basic hides the implementation details from

you. Take the following code:

Dim sUsername = “, jhester.”

Dim s1 = “Hello”

Dim s2 = “Goodbye”

s1 &= sUsername

s2 &= sUsername

Although only three variables are declared, there are 

technically five String values being stored in memory. The

concatenation operation actually creates a new String value,

rather than modifying the existing one. If your program needs

to conserve memory usage for string operations, you should

use the StringBuilder class instead.

String values can contain more than letters, numbers, and

special symbols. You can also store space characters such as

tabs, returns, and new lines. The constants vbTab, vbCr,
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vbLf, and vbCrLf represent a tab, carriage return, line feed,

or new line, respectively.

Because String values are objects that represent text, they

provide methods to search, modify, and measure text. The

ToUpper and ToLower methods will take each character in

the string and change the case to either upper or lower case,

respectively. The Trim, RTrim, and LTrim methods will

remove leading and/or trailing spaces, while the PadLeft and

PadRight will add leading or trailing spaces. The Remove

and Replace methods will modify characters in the text. The

Substring method will return a selected portion of a String

value. See pages 233–239 in your textbook for examples of

using String methods.

Remember that String values are based on the Char data

type. The Count property returns the number of characters

in a String value. The IndexOf and LastIndexOf methods

will search a String value for a match and return the index

of the first or last occurrence. When determining the index of

a character, the first character starts at 0. The second char-

acter is at index 1. If no match is found, the IndexOf and

LastIndexOf methods will return the value –1.

Using Dates

Like the String data type, Date values are objects and 

are enclosed by a special character, the pound symbol (#).

Despite its name, a Date value can store both a date and

time. Date data must meet the syntax m/d/yyyy, while time

data must specify either 24-hour or AM/PM formats. See

page 129 in your textbook for Date examples.

Behind the scenes, the Date data type in Visual Basic is

actually the DateTime structure. This means that like the

String data type, the Date type provides properties and 

methods to search and manipulate date and time data. For

example, you can use properties like Hour and Year to

retrieve the hour and year portions of a Date value. To

add or subtract hours and years, you can use the methods

AddHours and AddYears. The property Now returns the

computer’s current date and time.
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The following code demonstrates logic for a checkout system

using Date methods and properties:

Dim dueDate = Now ‘Shorthand for Date.Now

dueDate.AddDays(14) ‘Adds 14 days to the current date

dueDate.AddMinutes(-30) ‘Subtracts 30 minutes from the

current time

Formatting Numbers and Dates

Although data types are useful in programs, data must be

displayed to the user at some point. That’s why every data

type provides the ToString method. If the data type supports

it, then the ToString method will return a String value rep-

resenting the data type. If the data type doesn’t support this

kind of representation, then the ToString method will simply

return the name of the data type.

Numbers support a format character when using the

ToString method. Pages 153–155 in your textbook describe

some standard number formats. For example, if you want to

display the number 2500 as a monetary amount, then you

can specify the format character c. To display a number in

exponential notation, you would use the format character e.

Rather than manually concatenating the % sign to a number,

you can use the p character.

Date values also support a format character when using the

ToString method. To show the short date format such as

08/13/1977, you would specify the d character. The D

character will display the date in the long date format of

Saturday, August 13, 1977. To show the only the hours and

minutes for the time, you should specify the t character. To

include the seconds as well, you should use the T character

for the long time.The F character will return the long date

and time formats together.

Activity 1-2: Manipulate Strings 

and Dates

1. If you’ve closed out of the “Lesson2Activity1” project and

Visual Studio, then launch Visual Studio. In the Start

Page document, click Lesson2Activity1 link in the

Recent Projects section.
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2. The Module1.vb file should be open in the Document

Panel. If not, double-click the Module1.vb file in the

Solution Explorer.

3. So that you can keep the code used in Activity 1-1 for

further reference without affecting your current code,

you’ll comment out the code written in Activity 1-1. You

could manually add a comment character before the

beginning of each line, but there is a quicker way:

a. Highlight all of the code between the Sub Main( ) and

End Sub lines. Click and drag with your mouse or

use the Shift and arrow keys to highlight the text.

b. You can comment the code by choosing the Comment

Selection option in the Edit menu or by choosing the

Comment Selection option in the context menu when

you right-click on the selection (Figure 23).

4. Read and add the following code to the Main method:

‘Activity 1-2

Dim strInput As String

Dim dtInput, dtCurrent As Date

Console.Write(“Give me some text: “)

strInput = Console.ReadLine()

FIGURE 23—Right-

click to Select

Comment Selection.
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Console.WriteLine(“UPPERCASE: “ & strInput.ToUpper())

Console.WriteLine(“lowercase: “ & strInput.ToLower())

Console.WriteLine(“First char: “ & strInput.Substring(0, 1))

Console.WriteLine(“Last char: “ & _

strInput.Substring(strInput.Length - 1, 1))

Console.Write(“Give me a future date: “)

dtInput = CDate(Console.ReadLine())

Console.WriteLine(“Long Date: “ & dtInput.ToString(“D”))

Console.WriteLine(“Short Date: “ & dtInput.ToString(“d”))

dtCurrent = Now

Dim diffDays = dtInput - dtCurrent

Console.WriteLine(“This date will be in “ & _

diffDays.Days & “ days.”)

Console.ReadLine()

5. Save your work. Then, build and run the program. If 

you get a runtime error, check your code and make sure

your input is a valid date. Did the output meet your

expectations?

6. After you’ve run it successfully, run it again with differ-

ent values. Make sure you understand what the code is

doing.

Self-Check 4

1. Which data type would you use for the following values? Justify your answers.

a. Whether or not a user has logged into the application

__________________________________________________________

b. The number of milliliters of an aqueous compound for a chemistry experiment

__________________________________________________________

c. The phone number of a contact

__________________________________________________________

(Continued)
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ASSIGNMENT 5: CONTROL APPLI-
CATION LOGIC WITH
STATEMENTS

Read Assignment 5 in this study guide. Then, read 

pages 205–232, 246–252, and 296–318 in your textbook. 

In the previous assignment, you learned how to handle data

within a program. In this assignment, you’ll learn how to

control the order and flow of instructions. Conditional and

iterative statements add a level of decision-making to make

programs more flexible and efficient. 

Self-Check 4

2. When using primitive data types, what is the result of an assignment operation with variables

of the same data type?

__________________________________________________________

3. When should you use explicit conversion for a data type?

__________________________________________________________

4. What is the value of the variable var1 after the following statement?

Dim var1 = (5 - 10) + 15 Mod 1000 / 10 ^ 2

__________________________________________________________

5. What is the value of the variable varFormat after the following statement?

Dim varFormat = (5060.009).ToString(“c”)

__________________________________________________________

Check your answers with those on page 215.
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Many programmers forget that the program itself should do

the actual work, not the programmer. Take, for example, a

program that searches all the files within a directory for a

particular keyword. A programmer could write the program

line-by-line that retrieves a file and searches for that key-

word. Using pseudocode, the logic might be represented as

follows:

Ask user for a keyword and directory

Load file 1 from the directory and search for keyword

Load file 2 from the directory and search for keyword

Load file 3 from the directory and search for keyword

. . .

If this was done without using an iterative statement, then

the amount of code would depend on the number of files in

the directory. If a directory had one more file than the pro-

grammer expected, then the program would fail. If the

directory had less files than the programmer expected, then

the program would continue to run even after the last file

was retrieved. Without a conditional statement, there would

be no mechanism to stop loading files after the keyword was

found. It would be a program with a limited algorithm that

requires the programmer to do the heavy lifting. In program-

ming, it’s the efficiency and elegance of algorithms that

differentiates the novice and professional, not the number of

lines of code.

Conditional Statements

A program, like its programmer, must make choices. Programs

use structures known as conditional statements to determine

which statements to execute and when. Without the ability of

making choices, a program would be doomed to perform the

same instructions without regard to the user or the environ-

ment. Programs that operate in this way are inflexible and

make a number of assumptions. Although it’s often quicker

to write programs that don’t make choices, these programs

are often so brittle, that any false assumption could crash it.

The best way to safeguard the flexibility of a program is to

assume very little and test for every imaginable possibility.

Conditional statements are the most effective means of
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testing possibilities. The fundamental conditional statement

in Visual Basic is the If...Then statement. In a nutshell, it

tests a possibility and then executes another statement if

that possibility is true. The If...Then statement uses the

following syntax:

If conditional_expression Then

statement

...

End If

As you may recall from the previous assignment, conditional

expressions are those that evaluate to a Boolean value. If the

conditional expression returns the value True, then the

statement(s) between the Then and End keywords are exe-

cuted. If the conditional expression returns the value False,

then the statement(s) between the Then and End keywords

are skipped and execution continues after the statement. It’s

a good habit to always use the End If line even if only one

statement will be executed, but this isn’t required.

The following example demonstrates using an If...Then state-

ment in a number-guessing game:

If guess = number Then

strChoice = “Congrats you guessed correctly!”

strPrompt = “Want to try to guess another number?”

End If

Using conditional operators, you could combine more than

one possibility into the expression. The following If...Then

statement verifies multiple conditions using a single condi-

tional expression:

If orderLines > 0 And returningCustomer Then

discount = 0.15

End If

Visual Basic also offers variants of the If...Then statement 

to handle more complex choices. One variant is the

If...Then...Else statement. Regardless of whether the condi-

tional expression evaluated to the value True or False, the

code that follows an If...Then statement will be executed.
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Statements that need to execute only when the conditional

expression is False can be placed after the Else keyword.

The following example demonstrates this technique:

If age >= 18 Then

MessageBox.Show(“Welcome to this application!”)

‘Open main form

Else

MessageBox.Show(“You need to get your parent’s permission first.”)

‘Send an email to the parent

End If

If more than a single choice is required, then you use the

ElseIf keyword. This code is a revised example of the num-

ber-guessing game using the ElseIf keyword:

If guess = number Then

strChoice = “Congrats, you guessed correctly!”

strPrompt = “Want to try to guess another number?”

ElseIf guess < number Then

strChoice = “You are too low. Try guessing higher.”

strPrompt = “Want to make another guess for my number?”

ElseIf guess > number Then

strChoice = “You are too high. Try guessing lower.”

strPrompt = “Want to make another guess for my number?”

End If

The If...ElseIf statement is useful when testing complex con-

ditions or ranges of a single value, but it can become tedious

when testing for only specific values. The following example

assigns the shipping cost based on the state:

If state = “TX” Then

shippingCost = 4.59

ElseIf state = “GA” Then

shippingCost = 2.85

ElseIf state = “NY” Then

shippingCost = 3.6

ElseIf state = “LA” Then

shippingCost = 6.79

Else

shippingCost = 5.0

End If
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If you need to add another state with a specific shipping cost,

then you would have to add yet another ElseIf...Then por-

tion. The more you retype the same variables and values, 

the more likely you’ll introduce a typo in your code. The

Select...Case statement simplifies the syntax so that the

variable you are testing is specified only once.

Using the Select...Case statement, the example above would

be rewritten as follows:

Select Case state

Case “TX”

shippingCost = 4.59

Case “GA”

shippingCost = 2.85

Case “NY”

shippingCost = 3.65

Case “LA”

shippingCost = 6.79

Case Else

shippingCost = 5.0

End Select

Both the previous If...ElseIf and Select...Case examples

yield the same results and performance, but the readability

may be easier to understand in the Select...Case statement.

Pages 248–249 in your textbook describe more complex

examples of the Select...Case statement. 

Iterative Statements

When writing a program, a good rule of thumb is never to

repeat yourself. Rather than repeating code, you can use a

structure known as an iterative statement to execute the

same line(s) of code multiple times. Iterative statements loop

through code a specific number of times or until a condi-

tional expression is evaluated as true or false.
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The Do...While loop repeats execution as long as a condi-

tional expression evaluates to the value True. The Do...While

statement uses the following syntax:

Do While conditional_expression 

statement

...

Loop

As you may recall from the previous section describing

If...Then statements, the conditional expression determines

whether the enclosed statements are executed. If the 

conditional expression returns the value True, then the

statement(s) between the conditional expression and Loop

keyword are executed. If the conditional expression returns

the value False, then the statement(s) between the conditional

statement and Loop keyword are skipped and execution con-

tinues after the statement.

The following example demonstrates the repetitive logic of a

command-line program:

Dim blnContinue As Boolean = True

Do While blnContinue

‘Perform logic

Console.WriteLine(“Do you want to continue?”)

Dim response = Console.ReadLine()

blnContinue = response.Equals(“yes”)

Loop

Notice how the code within the Do...While statement modifies

the value of the conditional expression. This is very impor-

tant, because Do...While statements will continually execute

as long as the conditional expression is true. You’ll create

what is known as an infinite loop if you don’t modify the con-

ditional expression. An infinite loop can be stopped only by

forcing the application to close.

You can also use the following syntax for the Do...While

statement:

Do 

statement

...

Loop While conditional_expression
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This is known as a posttest loop because the conditional

expression is evaluated after the first execution of the loop. In

the pretest loop, the conditional expression is evaluated

before any statements are executed in the loop. A pretest loop

may never execute, while a post-test loop will execute at least

once. The type of loop you choose depends entirely on the

required algorithm. In most cases, you’ll find a posttest loop

is desirable, but some situations exist where a pretest loop is

best. For example, if you’re reading characters from a file, it’s

possible that the file is empty. Using a pretest loop to check

to see if there are any characters to read would ensure that

the loop never executes if the file is empty. A posttest loop

will attempt to read the empty file.

The Do...Until statement uses a similar syntax to the

Do...While statement but executes only if the conditional

expression is false. Rather than checking that a condition

stays the same, the Do...Until statement is intended for 

situations when a condition changes. The Do...Until state-

ment is equivalent to using a Not operator in the conditional

expression of a Do...While statement. The following code

example demonstrates a Do...Until statement:

Do

charFromFile = CStr(fileStream.Read())

Console.Write(charFromFile)

Loop Until fileStream.EndOfStream

In both Do...While and Do...Until statements, the number of

loops is entirely dependent on the conditional expression and

don’t actually track the number of times they loop. In some

cases, you need to keep track of the number of loops using a

variable known as a counter. A counter indicates the current

loop and either increases or decreases in value for each loop.

If a counter increases or decreases by more than 1, this is

known as stepping.

You could use a counter in a Do...While or Do...Until state-

ment, but the For...Next statement is specifically designed

for handling counters. The syntax for the For..Next state-

ment is as follows:

For counter As DataType = startValue To endValue [Step

steppingAmount]

statement

...

Next
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As you can see, this kind of iterative statement is focused on

how many times it will loop. When you have code that will

require using a counter explicitly, the For...Next statement is

probably the best choice. A common example of using the

For...Next statement is a countdown such as follows:

For countDown As Integer = 10 to 1 Step -1

Console.WriteLine(countDown)

Next

Console.WriteLine(“BLAST OFF!”)

Besides using a counter, you can also use the Continue and

Exit statements. The Continue statement will skip the rest of

the remaining code and move onto the next loop. The Exit

statement will stop all looping. When using iterative state-

ments within other iterative statements, known as nested

loops, the Exit will move to the outer loop. Pages 317–318

will introduce you to nested loops.

Activity 2: Create a Basic Number-

Guessing Game

1. To launch Visual Studio, click on the Start Menu and

click the All Programs section. Choose Microsoft Visual

Basic 2010 Express in the Microsoft Visual Studio

2010 Express folder.

2. In the File menu, choose New Project. You can also

click on the New Project link in the Start Page.

3. In the New Project dialog, choose Console Application.

Type the name Lesson2Activity2 in the Name text box

at the bottom. Click the OK button.

4. The Module1.vb file should be open in the Document

Panel. If not, double-click the Module1.vb file in the

Solution Explorer.

5. Read the following code carefully and then add the code

to the Main method:

Const MAGIC_NUMBER As Integer = 7

Dim numberGuess As Integer

Dim numTries As Integer

Console.WriteLine(“===Magic Number Guessing Game===”)
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Do

Console.WriteLine(“I have a number. What is it?”)

numTries += 1

Console.Write(“Try “ & numTries & “: “)

numberGuess = CInt(Console.ReadLine())

If numberGuess < MAGIC_NUMBER Then

Console.WriteLine(“Nah, too LOW.”)

ElseIf numberGuess > MAGIC_NUMBER Then

Console.WriteLine(“No, too HIGH!”)

End If

Loop Until numberGuess = MAGIC_NUMBER

Console.WriteLine(“You guessed it! It took you “ _

& numTries & “ tries.”)

Console.WriteLine(“Hit Enter to end game.”)

Console.ReadLine()

Save your work, and build and run the program.

6. Play the guessing game. Try incorrect numbers first,

then give the correct answer. Does the program run as

you expected it would?

Self-Check 5

1. In which portion of the If...Then...Else statement should you place statements that should

run only if the condition is false?

__________________________________________________________

2. Which iterative statement would you use for the following algorithms? Justify your answers.

a. Reading the contents of a file

__________________________________________________________

b. Counting the number of moves it takes for a user to solve a puzzle

__________________________________________________________

c. Giving a user only three tries to guess the correct answer to a question on a quiz

__________________________________________________________

(Continued)
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ASSIGNMENT 6: HANDLE 
MULTIPLE VALUES
WITH ARRAYS

Read Assignment 6 in this study guide.

Then, read pages 473–509 in your textbook.

Although arrays may seem complex at first,

the concept of an array is rather simple.

Think of a numbered list of items, like the

grocery list in Figure 24.

If you wanted to see the first item in the list

(Eggs), you would look for number 1. If you

wanted to see the third item (Bread), you

would look for number 3. In programming,

an array provides more functionality, but at

its core an array is a numbered list.

Declaring an Array

An array is a numbered list that contains

items of the same data type. You can have

one list of String values and another list of Integer values,

but a single array can’t contain both String and Integer

values at the same time.

FIGURE 24—A Grocery List as a Numbered

Array

Self-Check 5

3. Which two statements allow you to control looping inside an iterative statement?

__________________________________________________________

Check your answers with those on page 216.
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An array can contain only a specified number of items.

Before an item can be added to an array, the array’s size

must be set. Each item is accessible using an Integer value

known as an index. In Visual Basic, arrays use zero-based

indexes, which means the first item is at index 0, the second

item is at index 1, and so forth.

The following code declares an array for String values:

Dim arrStudents() As String

Look closely. How is this declaration statement different than

declaring a variable for a single String value? The only differ-

ence is the use of parentheses ( ) after the variable name.

You can also include the parentheses after the data type

name, instead.

Unlike previous data types, no default value is created when

you declare a variable for an array. That is, unless you also

specify the upper bound of the array. The size is the number

of items that the array will hold and the upper bound is high-

est index value. You can’t use an array without setting the

upper bound, so the example code should be modified like

this:

Dim arrStudents(3) As String

This declaration creates an empty list that can hold up to

four items. To assign an item in the array, you use the

parentheses again as follows:

arrStudents(0) = “Dan Brown” ‘1st student

arrStudents(1) = “John Grisham” ‘2nd student

arrStudents(2) = “Holly Black” ‘3rd student

arrStudents(3) = “J.K. Rowling” ‘4th student

You could also combine the declaration with the assignment

into the same statement using the curly braces { } as follows:

Dim arrStudents() As String = {“Dan Brown”, “John Grisham”,

“Holly Black”, “J.K. Rowling“}

Although it isn’t a good programming practice to follow, you

can resize an array if necessary. You do this using the

ReDim statement. The ReDim statement uses the name of

an existing array and the new size. By default, all items in

the array will be deleted. To keep these items, you can

include the Preserve keyword. If you decrease the size of the
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array, then only the items that can fit in the array will be

kept. The following code increases the size of the arrStudents

array to add another student:

ReDim Preserve arrStudents(4)

arrStudents(4) = “Dean Koontz”

So far you’ve seen examples of one-dimensional arrays. In

some situations, you may require more complex storage,

such as a two-dimensional matrix or three-dimensional 

cube. Arrays with more than one index are known as 

multidimensional. A common example would be creating a

two-dimensional array to represent a matrix as in Figure 25.

To access the first element in the matrix, you would need to

access both the row and column index (0,0). To retrieve the

value 160, you should go to the second row (1) and the third

column (2). To declare the two-dimensional array and set its

values, you would use the following code: 

Dim arrMatrix(1, 2) As Integer

arrMatrix(0, 0) = 5

arrMatrix(0, 1) = 10

arrMatrix(0, 2) = 20

arrMatrix(1, 0) = 40

arrMatrix(1, 1) = 80

arrMatrix(1, 2) = 160

In the real world, you’ll rarely create a multidimensional

array, because they’re difficult to use effectively. 

FIGURE 25—Two-

Dimensional Array
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Using an Array

Because arrays are objects like String values, they contain

built-in properties and methods to use them. The Length

property returns the total number of items in an array, while

the Rank property returns the number of dimensions. The

Reverse method will move each item around into the oppo-

site of its index, while the Sort method will sort items in an

array by ascending order. The Clone method will create a

new array based on an existing one.

Knowing these built-in properties and how to use iterative

statements, you can loop through items in an array. The 

following code uses the Length property in a For...Next

statement to output items in a one-dimensional array:

For index As Integer = 0 To arrStudents.Length -1

Dim strStudent = arrStudents(index)

Console.WriteLine(strStudent)

Next

For a multidimensional array, you would need use the Rank

property in a nested loop. Page 508 of your textbook demon-

strates how to loop through a multidimensional array.

There’s another iterative statement designed particularly for

arrays and other types of lists, the For Each…Next state-

ment. Rather than using an explicit counter or index, the

For Each…Next statement automatically measures the size

of the array and retrieves each item for you. The previous

example code could be re-written using the For Each...Next

statement as follows:

For Each strStudent As String In arrStudents

Console.WriteLine(strStudent)

Next
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Activity 3: Create and Use a 

One-Dimensional Array

1. To launch Visual Studio, click on the Start Menu and

click the All Programs section. Choose Microsoft Visual

Basic 2010 Express in the Microsoft Visual Studio

2010 Express folder.

2. In the File menu, choose New Project. You can also

click on the New Project link in the Start Page.

3. In the New Project dialog, choose Console Application.

Type the name Lesson2Activity3 in the Name text box

at the bottom. Click the OK button.

4. The Module1.vb file should be open in the Document

Panel. If not, double-click the Module1.vb file in the

Solution Explorer.

5. Read the following code carefully and then add the code

to the Main method:

Console.Write(“How many items do you need? “)

Dim upperBound = CInt(Console.ReadLine) - 1

‘Declare array

Dim arrList(upperBound) As String

‘Add items to array

For index = 0 To arrList.Length - 1

Console.Write(“Item “ & index & “: “)

arrList(index) = Console.ReadLine()

Next

‘Sort array

Array.Sort(arrList)

‘Print array

Console.WriteLine(“Here is your sorted list.”)

For index = 0 To arrList.Length - 1

Console.Write(“Item “ & index & “: “)

Console.WriteLine(arrList(index))

Next

Console.ReadLine()

How does an array simplify this code? How many more

lines of code would it take to have separate variables for

each item?
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6. Save your work, and build and run the program.

7. Try creating a grocery list. 

Self-Check 6

1. In your own words, what is an array?

__________________________________________________________

__________________________________________________________

2. Arrays use zero-based indexing. What does that mean?

__________________________________________________________

3. Which two iterative statements are useful to access items in an array?

__________________________________________________________

__________________________________________________________

Check your answers with those on page 217.

ASSIGNMENT 7: GROUP 
APPLICATION LOGIC WITH 
PROCEDURES AND MODULES

Read Assignment 7 in this study guide. Then, read 

pages 355–376 and 429–438 in your textbook.

As stated before, a good rule of thumb is never to repeat

yourself when writing a program. Iterative statements are

good strategies to execute statements over and over, but pro-

cedures are a way to group statements together so you can

access them later. Procedures not only reduce code repetition

but also increase the readability and manageability of your

programs. Rather than trying to understand how a group of
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statements execute, you can utilize useful procedure names

like btnLogin_Click or GenerateRandomNumber to describe

these statements. Rather than having to modify the same

group of statements wherever they appear in your program,

you can modify the statements in the procedure once.

Think of a procedure as a real-world operation. When you get

up in the morning, you have a routine to perform. Although

there may be many steps involved, on most mornings, the

same routine must be accomplished. If you aren’t a morning

person, then you probably perform this routine without

thinking about it. A procedure works the same way. Once

you declare a procedure, you can run through it each time

just using its name and never have to remember what exactly

it does, just remember how to use it.

Calling a Procedure

You’ve been calling procedures already. MessageBox.Show

is a procedure that displays a message box for a Windows

Forms application. All of the formatting functions for the

String and Date data types were procedures. Although

you’ve been calling procedures, it’s probably useful to

describe the syntax formally anyway:

Container.ProcName([arg1, arg2 ...])

With the exception of the CXXX functions you learned earlier,

you’ve been using what’s known as dot-syntax notation to

first point to where the procedure is located and then refer-

ence the procedure’s name. If a procedure is located in a

class or module, those procedures are also known as methods.

In the very beginning of the study guide Visual Basic and the

Visual Studio Environment, your first program used the

method WriteLine by first referencing the Console class,

where the WriteLine procedure is located:

Console.WriteLine(“Hello, World!”)

When calling a procedure, you must specify the parentheses

( ) after the procedure name and enclose any input in these

parentheses. The input of a procedure is known collectively

as arguments. When using the ToString methods, you had to
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specify arguments to format how numbers or dates were for-

matted. Not all procedures require arguments and some

arguments are entirely optional.

There are ways to send arguments when calling a procedure.

One way is what you’ve done before, which is to specify each

argument in the correct order. For instance, take the

Substring method for String values. Its first argument

startIndex indicates which character to retrieve first and as

its second argument length specifies how many total charac-

ters will be retrieved. Using the first way of calling a

procedure, you would write this code:

Dim strSub As String = strMain.Substring(9, 10)

The Substring method will start at the 10th character and

retrieve the next 10 characters. Remember that all arrays,

including characters in a String value, use zero-based index-

ing. The index 9 actually refers to the 10th character. If you

reverse the order of the arguments, then the Substring

method will start at the 11th character and retrieve the next

9 characters. This way of calling a procedure is known as

order-dependent.

You can call procedures another way by using the actual

argument names. This way is best if a procedure takes a

large number of option arguments. To specify a value for an

argument name, you use the := assignment operator as 

follows:

Dim strSub As String = strMain.Substring(length:=10,

startIndex:=9)

Notice that the order of the arguments doesn’t matter

because this way assigns the argument values using their

names.

Finally, some procedures return values back, while others

perform their work and don’t return a value upon completion.

This difference determines whether a procedure is defined as

a function or a subroutine. 
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Declaring a Subroutine

A subroutine is a procedure that doesn’t return a value.

Subroutines are declared using the Sub keyword. A subrou-

tine declaration uses this syntax:

Sub ProcedureName ([parameterList])

statement

...

End Sub

A parameter list is comma-separated and declares the names

of variables that will be used in the procedure. When the pro-

cedure is called, the arguments will map to the parameters

declared by the procedure. The Exit Sub statement can be

used to end the subroutine prematurely.

Declaring a Function

A function is a procedure that does return a value. Functions

are declared using the Function keyword. A function decla-

ration uses this syntax:

Function ProcedureName ([parameterList]) As DataType

statement

...

Return value

End Function

Unlike a subroutine, a function returns a value so it must

declare which data type it will return. A function can be

called like a subroutine if the return value isn’t required. The

Return statement is used to specify which value is returned.

When an intermediate value won’t be reused in complex com-

putations, a common practice is to use nested function calls.

This occurs when a procedure or function is called using the

results of a function, which in turn may be using the results

of yet another function. This may seem confusing to read at

first, but evaluation proceeds from the inside to the outer-

most call.
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Take, for example, the following code:

Dim strEmail As String = “jsmith@largecorp.com”

strEmail.Substring(strEmail.IndexOf(“@”))

Before the Substring method is called, the IndexOf method

is called. Remember, the IndexOf method will return the

character index of the first match of the specified character.

This index is then used as the argument for the Substring

method. If the character index will be needed in other state-

ments, then you should store its value in a variable. Otherwise,

this code actually reduces the amount of memory used by the

program.

Passing Arguments

When passing arguments, the default mechanism is by value.

This means that a copy of the value is passed to the proce-

dure and any changes to that argument’s value won’t affect

the original value. The other mechanism is known as by 

reference. This means that the value is passed to the proce-

dure so it can make changes to the original value. When

declaring parameters, you use the ByVal keyword to pass

arguments by value and the ByRef keyword to pass argu-

ments by reference.

Take the following subroutine as an example. Notice how

arg1 uses the ByVal keyword, while arg2 uses the ByRef

keyword.

Sub ChangeValues(ByVal arg1 As Integer, ByRef arg2 As Integer)

arg1 += 10 ‘Same as arg1 = arg1 + 10

arg2 += 10 ‘Same as arg2 = arg2 + 10

End Sub
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This procedure adds 10 to the argument passed in for arg1

and arg2. The following code declares two variables named

num1 and num2 and passes them as arguments to the

ChangeValues subroutine.

Dim num1, num2 As Integer

num1 = 20

num2 = 20

ChangeValues(num1, num2)

Console.Write(num1 & vbTab & num2)

This program generates the following output:

20 30

The reason for this output is because after the

ChangeValues method is called, only the value for num2 has

been changed. The original value of num1 is unchanged.

Only the copy of num1 was changed by the subroutine.

There are rare occasions to use the ByRef keyword and its

effects are limited to basic data types like Integer and String

values. If you don’t specify ByVal or ByRef when naming

parameters for a procedure, the Visual Studio code editor will

add ByVal by default.

Declaring a Module

A procedure is a tool for accomplishing a programming task.

Like a toolbox, it’s helpful to put all of your tools in one place.

You can use a structure known as a module to organize all

of your tools. A module is a logical collection of procedures,

variables, and constants required for an application. To

declare a module you should use the Module keyword in the

following syntax:

Module ModuleName

procedures

variables

...

End Module
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This should look familiar to you! When you create a new

Console application in Visual Studio, it creates a module that

contains the Main method. To access a procedure, variable,

or constant from outside of a module, you should specify its

name using dot notation.

Self-Check 7

1. What is the difference between a subroutine and function?

__________________________________________________________

2. What is the difference between passing arguments by value and by reference?

__________________________________________________________

3. What is the purpose of a module?

__________________________________________________________

Check your answers with those on page 217.



Data Types and Application
Logic

OVERVIEW

If you’ve read through selected sections of Chapter 3, 4, 6, 7,

and 8 in your textbook and completed the related study guide

material, you’re ready to add further functionality to the

GroceryApp project. This project will assess your understand-

ing of using variables, arrays, modules and procedures.

Make sure you follow all directions completely and verify your

results before submitting the project. Remember to include

all required components in your solution or you won’t receive

full credit.

YOUR PROJECT

In the graded project for Lesson 1, you created a login form

using a Windows Forms Application project in Visual Studio.

In this project, you’ll implement the login process. The login

process will use

■ A Boolean value to indicate success

■ Two parallel arrays for usernames and passwords (See

pages 492–495 in your textbook on using parallel

arrays.)

■ Three procedures that contain conditional and iterative

statements.

Note: The output of this project will be used in the graded

project for Lesson 3.

INSTRUCTIONS

1. In Visual Studio, load the GroceryApp project that you

completed in Lesson 1.

2. Add a new module to the project.
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a. Right-click the project name in Solution Explorer or

choose the Add New Item… option in the Project

menu.

b. In the Add New Item dialog, choose Module. Type

the name Main.vb in the Name text box at the 

bottom.

3. Click the Add button (Figure 26).

In the Main module, you’ll perform the following actions:

a. Declare a Boolean variable named blnLoggedIn.

b. Declare two String arrays named arrUsernames and

arrPasswords.

c. Declare a subroutine named Login that accepts two

String parameters named username and password.

4. Declare two functions named VerifyUsername and

VerifyPassword. The VerifyUsername function should

accept a String parameter named username and return

a Boolean value. The VerifyPassword function should

accept a String parameter named password and return a

Boolean value.

FIGURE 26—Enter Main.vb and click Enter.



When this task is completed, the source code editor

should contain what’s shown in Figure 27.

Use the values Admin, Clerk, and Manager as items in

the arrUsernames array. Use the assignment operator

and curly braces to modify the declaration as follows:

Dim arrUsernames() As String = {ªAdminº, ªClerkº,

ªManagerº}

Use the values P@ssword, pa$$word, and passw0rd as

items in the arrPasswords array. Use the assignment

operator and curly braces to modify the declaration as

follows:

Dim arrPasswords() As String = {ªP@sswordº, ªpa$$wordº,

ªpassw0rdº}

In the Login subroutine, make sure that the username

and password arguments are valid and match.

5. Set the blnLoggedIn variable to False. This is to ensure

that previous attempts are overwritten.
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FIGURE 27—Source Code Editor with Work from Steps 3–4



6. Use an If…Else statement. Using the logical operator

And, combine the return value from calling the

VerifyUsername and VerifyPassword functions.

7. If the username and password arguments are valid, then

make sure the value in the arrUsernames array matches

the value in the arrPasswords array.

8. If the correct password is specified for the username,

then set the blnLoggedIn variable to the value True. 

If not, then display an error message box.

When the task is complete, the Login function should be

defined as follows:

Sub Login(ByVal username As String, ByVal password As

String)

blnLoggedIn = False

If VerifyUsername(username) And VerifyPassword(pass-

word) Then

‘Find index for username

Dim userIndex As Integer

For loopIndex = 0 To arrUsernames.Length � 1

If arrUsernames(loopIndex) = username Then

userIndex = loopIndex

Exit For

End If

Next

‘Check for password match

If arrPasswords(userIndex) = password Then

blnLoggedIn = True

Else

MessageBox.Show(“Incorrect password.”)

End If

Else

MessageBox.Show(“Incorrect password.”)

End If

End Sub

9. Using what you know about search arrays, implement

the VerifyUsername and VerifyPassword functions.

They should return true if the username or password is

found in the arrUsernames or arrPasswords array,

respectively.
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10. Save your work.

11. In the LoginForm.vb, find the subroutine

btnLogin_Click.

12. You can either right-click on the LoginForm.vb file in

Solution Explorer and choose the View Code option in

the context menu or double-click on the LoginForm.vb

file in Solution Explorer and double-click on the Login

button on the form.

13. Navigate to the btnLogin_Click subroutine.

14. Modify the contents of the btnLogin_Click button.

a. Call the Login subroutine in the Main module.

b. Use the blnLoggedIn variable to determine whether to

display the message box.

The btnLogin_Click subroutine should resemble the 

following:

Main.Login(txtUsername.Text, txtPassword.Text)

If Main.blnLoggedIn Then

MessageBox.Show(“Thank you for logging in, “ & _

txtUsername.Text, “Logged In.”)

End If

15. You should get an error message using the blnLoggedIn

variable. Later in your course, there will be a discussion

on access modifiers, but for right now, just know that

you need to change the Dim keyword to Friend. 

Open the Main.vb file.

16. Modify the blnLoggedIn declaration as follows:

Friend blnLoggedIn As Boolean

Save your work and debug the application. See what

happens when you type in an incorrect username and

password.

17. Make sure the application works as intended.
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SUBMISSION GUIDELINES

To submit your project, you must provide the following two

files:

■ Main.vb

■ LoginForm.vb

To find these files, you should go to the directory where you

saved the GroceryApp project. To determine this path, click

on GroceryApp in the Solution Explorer panel. Copy the

value for the Project Folder property in the Properties

panel. In Windows Explorer, paste the file path and hit the

Enter key. Copy both the Main.vb and LoginForm.vb files to

your desktop or any other temporary location.

Use the following procedure to submit your project online:

1. Log in to view your student homepage and go to the

My Courses page.

2. Click on Take Exam next to the lesson you’re working on.

3. Attach your files as follows:

a. Click on the Browse box.

b. Locate the file you wish to attach.

c. Double-click on the file.

d. Click Upload File.

e. If you have more than one file to attach, repeat 

steps a–d for each file.

4. Enter your e-mail address in the box provided. 

(Note: Your e-mail address is required for online 

submissions.)

5. If you wish to include comments about this project to

your instructor, enter your comments in the Message

box.

6. Click on Submit Files.
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GRADING CRITERIA

Your project will be graded using the following guidelines.

■ The code contains the correct variables 

and procedures. 160 points

■ The logic of the procedures is correct. 120 points

■ The Login button works as expected. 110 points

■ Both source code files are included. 110 points

TOTAL 100 points

Graded Project 85
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NOTES



Object-Oriented
Programming
Fundamentals

INTRODUCTION

So far, you’ve learned how to handle data and instructions

in a program, but without an understanding of the bigger

picture. In object-oriented programming (OOP), data and

instructions are embedded in containers known as objects

and classes. Previously, you used methods and properties

from existing classes, but now, you’ll learn how to create

your own classes. In addition, you’ll learn about how to use

enumerations, structures, and collections and how to handle

events and exceptions in your programs.

OBJECTIVES

When you complete this lesson, you’ll be able to 

■ Identify properties, methods, and events of real-world

objects

■ Differentiate between objects and classes

■ Create a custom class and instantiate objects

■ How to use properties, methods, and events on custom

objects

■ Use inheritance and polymorphism

■ Differentiate between interfaces and classes

■ View the existing class hierarchy

■ Determine when to use enumerations and structures

■ Compare and contrast arrays and collections

■ Use collections to store multiple values

■ Write code to handle events
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■ Write code to handle runtime exceptions

■ Create a custom exception class

ASSIGNMENT 8: UNDERSTAND
OBJECTS, CLASSES, AND 
INHERITANCE

Read the material for Assignment 8 in this study guide. Then,

read pages 729–745, 761–770, and 328–329 in your textbook.

Take time to answer the “Checkpoint” questions for sections

12.1, 12.2, and 12.6 to verify that you understand the 

material.

This assignment introduces object-oriented programming

concepts and related Visual Basic syntax as described in

Chapter 12. It will also cover how and when to use the With

statement for objects as described in Chapter 5.

So far you’ve learned programming concepts that would apply

to procedural languages. Remember, Visual Basic is an

object-oriented programming language. In object-oriented 

programming (OOP), data and instructions are grouped

together into containers, known as classes. Classes are blue-

prints for runtime items known as objects. Objects provide

many advantages over procedural languages, including better

code reuse, manageability, and scalability. Object-oriented

programming introduces high-level design theories into appli-

cation logic so your code can become more logical and mirror

real-world scenarios.

Objects in the Real World

Object-oriented programming not only reduces complexity in

programs, but also handles real-world problems more logi-

cally. For example, if you need to create an application for a

manager to track employee information, then you could use

an Employee object to store that information in one logical

container, rather than store the information as disparate

variables. A software component that represents an actual

thing is known as a real-world object. Using real-world
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objects will increase readability and ensure

the software solution is closely linked to the

problem it’s meant to solve.

A real-world object is usually a person,

thing, or process that’s documented during

the define stage of the development cycle

(Figure 28). For more information on the

development cycle, review the last section

of Assignment 1 in the study guide. Each

real-world object has data or attributes and

can also follow instructions or operations.

An attribute is a characteristic that

describes the real-world object, while an

operation is an action that the real-world

object can perform or an action performed

using the real-world object. Some objects

can also generate notifications known as

events. 

Take a simple telephone as a real-world object. The telephone

has attributes that identity itself from other phones and oper-

ations which it can perform. Here’s just a short list of some

attributes a simple telephone might have defined:

■ Number—An assigned telephone number

■ Type—Pulse or Touch-Tone

■ Color—Black, red, etc.

■ IsBusy—Whether the phone is already in use

■ IsRinging—Whether the phone is ringing

Here’s a short list of some operations a simple telephone

would perform:

■ PlaceCall—Taking the receiver off the cradle and dialing

a phone number

■ HangUp—Placing the receiver back onto the cradle

■ AnswerCall—Taking the receiver off the cradle when it’s

ringing

FIGURE 28—A simple telephone is a real-world

object.
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You may come up with additional attributes and operations

for a simple telephone. Although defining the details for a

real-world object is important, you need define only those

details that apply to your solution. For example, if the tele-

phone object is going to be used for its operations and never

visually displayed in the application, then the Type and

Color attributes aren’t important and should be removed.

However, if you were defining a Card object for a game of gin

rummy, then attributes like Type and Color would be impor-

tant. A good rule of thumb is to always ask yourself, “Do I

need this attribute or operation? Will my application use this

attribute or operation?” If the answer is negative, then the

attribute or operation is superfluous and shouldn’t be used.

The value for an attribute is known as state. State is a com-

mon way to differentiate between runtime objects. For

example, one telephone may have the Type attribute set to

pulse dialing, while the other is set to Touch-Tone dialing.

One telephone could be busy while another is cradled. Even

though these objects have different states, they are telephone

objects. Another way of saying this is that these two objects

are the same data type, similar to how two different integer

values are the same data type. The data type for an object is

known as its class. A class is a blueprint for a type of object. 

Attributes and operations provide the design of a real-world

object. Knowing the design allows you to use the object, but

not necessarily understand its inner workings, known as

implementation. As described in the study guide Visual Basic

and the Visual Studio Environment, this concept is called

abstraction. When using a telephone object, you aren’t con-

cerned about how it dials or receives a dial tone, you just

need to know how to place a call.

Creating Classes and Objects

A class is a blueprint for an object, while the object is an

actual runtime value. Think of a housing construction, where

the same architectural design is used for multiple houses.

Multiple objects can be created from a single class. The class

defines the attributes and operations that each object of that

data type provides.
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To declare a class in Visual Basic, you use the Class key-

word. Each attribute is a variable and each operation is a

method. You can defined multiple classes in one file or split

the definition across multiple files using partial classes. A

partial class uses the Partial keyword, so the compiler knows

to combine each segment together into one class for the exe-

cutable code.

The following code demonstrates how the Telephone class

could be defined in a file:

Class Telephone

Dim Number As String

Dim Type As String

Dim Color As String

Dim IsBusy As Boolean

Dim IsRinging As Boolean

Function PlaceCall(ByVal phoneNumber As String) As Boolean

‘Call a number

End Function

Sub HangUp()

‘Stops the current call

End Sub

Sub AnswerCall()

‘Answers the ringing phone

End Sub

End Class

Notice that both class variables and methods use Pascal 

casing by convention. This means the name starts with an

uppercase letter, and each subsequent word is also upper-

case.

There’s always a danger that another programmer whose

code you may use has already defined a class with the same

name. Although you could simply rename the class, another

approach provides better organization. When using the .NET

Framework, you can use namespaces to group classes

together and allow for classes with the same name to exist 

in different namespaces. To declare a namespace, use the
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Namespace keyword. A namespace in turn can contain more

namespaces and so on. The following code declares the

Telephone class in the PhoneOperations namespace:

Namespace PhoneOperations

Public Class Telephone

‘Code omitted

End Class

End Namespace

To use classes in a namespace, without specifying the name

of the namespace, use the Imports statement at the top of

the code file as follows:

Imports PhoneOperations

Each Imports statement should be on a separate line. The

following example demonstrates how to use a class with or

without an Imports statement:

‘No Import

Dim blnFolderExists =

System.IO.Directory.Exists(“C:\Windows\Common Files”)

‘Imports System.IO

Dim blnFolderExists = Directory.Exists(“C:\Windows\Common

Files”)

The default namespace is the same name as the project, if

you don’t specify a namespace explicitly. So, if your applica-

tion project was named ExampleApp, then Class1 defined in

the same project would actually be ExampleApp.Class1.

Unless you use an Imports statement, you would need to

refer to Class1 as ExampleApp.Class1.

Creating a new object from a class is known as instantiation.

When instantiating a class, you should use the New keyword.

You can instantiate a class when declaring a variable or

during an assignment operation. The following code demon-

strates these two approaches:

Dim t1 As New Telephone

Dim t2 As Telephone

t2 = New Telephone
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To access attributes and methods, you should use the same

dot syntax you learned in previous study guides. For the first

Telephone object, the following code calls one of its methods:

t1.PlaceCall(“4045801280”)

Assignment and Reference Types

The assignment operation uses the equals (=) operator to

associate the variable on the left-hand side with the value on

the right-hand side. With value types such as the Integer,

this operation basically copies the value from the variable on

the right-side and assigns it to the variable on the left side.

Objects are known as reference types. This means that vari-

ables assigned to an object point to a value as a reference,

rather than containing the actual value. If you use the

assignment operation with reference types, then both variables

will point to the same object. The following code demonstrates

this concept:

Dim t1 As New Telephone

t1.Type = “Pulse”

t1.Color = “Red”

Dim t2 As Telephone = t1 ‘Now both t1 and t2 point to the

same object

t1.Type = “Touch-Tone”

t1.Color = “Black”

Console.WriteLine(“t1 values: “ & t1.Type & “, “ & t1.Color)

Console.WriteLine(“t2 values: “ & t2.Type & “, “ & t2.Color)

‘Both variable t1 and t2 will have the same output: Touch-

Tone, Black

This code also sets the values for the object’s attributes.

Setting the initial values for an object after it’s first instanti-

ated is known as initialization.

Using Access Modifiers

Information hiding is one strategy to provide abstraction and

reduce complexity. Information hiding means that only the

attributes and methods required to use the object are avail-

able. The compiler blocks access to all other information.
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Visual Basic provides keywords known as access modifiers to

determine the visibility of data and operations within a class.

These modifiers can be applied to any declaration structure,

including variables and procedures.

Private—Not visible outside of the class in which it’s declared.

When declaring a variable at the class-level using the Dim

keyword, this is the default visibility.

Public—Visible outside of the class with no restrictions.

Friend—Visible only inside the current project. This is the

default when declaring variables using the Dim keyword 

in a module.

Protected—Visible only to inherited classes. See the section

Class Inheritance in this assignment for more information

on inherited classes

You can declare classes and modules only using the Public

and Friend keywords. Classes and modules declared using

the Public keyword are available to all other classes and

modules, while those declared using the Friend keyword are

only available to other classes and modules in the same 

project.

The following code declares variables procedures using differ-

ent access modifiers:

Private HiddenInClass As Boolean

‘Same as using Dim statement

Public AvailableEverywhere As Boolean

Friend AvailableInProjectButHiddenEverywhereElse As Boolean

Protected AvailableOnlyInInheritedClasses As Boolean

Besides access modifiers, another keyword affects availability.

So far, the discussion has been focused on attributes and

methods associated with an object. As pointed out before,

each object, even based on the same class, may have differ-

ent values for its properties. Declared structures within a

class that affect only a single object are known as instance

members. Sometimes, you want to store the same value for

all objects or perform an operation that affects all objects. In

that case, you would use the Shared keyword to declare it as

a class member. By default, all methods in a module are class

members and don’t require the Shared keyword.
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To access an instance member, you must first instantiate the

class. To access a class member, you need only to specify the

class name. The following code demonstrates the difference:

Dim d = Math.Round(100.5) ‘Calling a class member

Dim s1 As String = “Testing”

Dim s2 = s1.ToUpper() ‘Calling an instance member

Creating and Using Properties

Another strategy for abstraction is known as encapsulation.

Although objects use variables to store their state, an encap-

sulated state is protected from direct access from outside of

the class. When reading a state value, a getter procedure pro-

vides access, while a setter procedure provides read access to

state. You could write these methods manually or use what

are known as properties. Unlike methods, properties can be

used just like variables, but behind the scenes, they call the

appropriate getter or setter procedure automatically. To

declare a property in Visual Basic, you use the Property

keyword with the following syntax:

Property PropertyName As DataType

Get

End Get

Set(ByVal value As DataType)

End Set

End Property

The code in the Get block will be called when reading the

value, while the code in the Set block will be called when

writing the value. If the property is intended for reading only,

then you can add the keyword ReadOnly to the property dec-

laration and omit the Set block. If a property is intended for

writing only, then you can add the keyword WriteOnly and

omit the Get block.
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Common convention is to declare class variables by prepending

the underscore character (_) to their names and to declare

the related property names without the underscore. The fol-

lowing code demonstrates this convention in the Telephone

class:

Private _Type As String

Public Property Type As String

Get

Return _Type

End Get

Set(ByVal value As String)

If (value = “Pulse” Or value = “Touch-Tone”)

Then

_Type = value

End If

End Set

End Property

Using properties is easier than declaring them. Although

properties are actually made up of getter and setter opera-

tions, they can be treated as variables when handling objects.

The following code declares an object and then calls the set-

ter operation on its properties:

Dim newTelephone As New Telephone

newTelephone.Number = “4045801280”

newTelephone.Type = “Pulse”

newTelephone.Color = “Green”

Because the last three lines refer to the same object, you can

use a With statement to simplify these lines as follows:

With newTelephone

.Number = “4045801280”

.Type = “Pulse”

.Color = “Green”

End With

As a matter of fact, you could use the With and curly braces

{ } and perform instantiation and initialization in the same

line as follows:

Dim myTelephone As New Telephone With _

{.Number = “4045801280”, .Type = “Pulse”, .Color =

“Green”}
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Activity 1-1: Create and Use 

a Custom Class

1. To launch Visual Studio, click on the Start Menu and

click the All Programs section. Choose Microsoft Visual

Basic 2010 Express in the Microsoft Visual Studio

2010 Express folder.

In the File menu, choose New Project. You can also click

on the New Project link in the Start Page.

2. In the New Project dialog, choose Console Application

(Figure 29). Type the name Lesson3Activity in the

Name text box at the bottom.

Click the OK button.

3. Add a new class to the project.

a. Right-click the project name in Solution Explorer or

choose the Add New Item... option in the Project

menu.

b. In the Add New Item dialog, choose Class. Type the

name Person.vb in the Name text box at the bottom.

FIGURE 29—Choose Console Application, then type Lesson3Activity.
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4. Click the Add button (Figure 30).

5. Read the following code carefully and then write it in the

Person.vb file (add only the code in bold):

Public Class Person

Private _Name As String

Private _Age As Integer

Public Property Name As String

Get

Return _Name

End Get

Set(ByVal value As String)

_Name = value

End Set

End Property

Public Property Age As Integer

Get

Return _Age

End Get

Set(ByVal value As Integer)

FIGURE 30—Enter Person.vb in the Name field and click Enter.
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If value > 0 Then

_Age = value

End If

End Set

End Property

Public Sub Print()

Console.WriteLine(ªName: ª & Me.Name & _

vbCrLf & ªAge: ª & Me.Age)

End Sub

End Class

6. Read the following code carefully and then add it to the

Main method in the Module1.vb file: 

Dim p1 As New Person

p1.Name = “Dan Brown”

p1.Age = 46

Dim p2 As New Person With _

{.Name = “J.K. Rowling”, .Age = 45}

p1.Print()

p2.Print()

Console.ReadLine()

Before you run this code, what do you predict the output

will be?

7. Save your work. You should use the Save All option or

the keyboard shortcut (Ctrl+Shift+S). Keep the project

name the same and clear the Create directory for solu-

tion checkbox if it’s checked. Click the Save button.

8. Build the program. In the Debug menu, choose the

Build Lesson3Activity option. The status bar at the

bottom of the screen should display Build Succeeded. 

If not, go back through the steps in this activity to find

the problem(s).

9. Run the program. You can (1) click the green triangle

button in the toolbar, (2) choose the Start Debugging

option in the Debug menu, or (3) hit the F5 key to run

the program. Did the output meet your expectations?

10. This same project will be used in Activity 1-2, so you

can keep it open.
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Constructor Methods

To initiate state values, classes contain specialized methods

known as constructors. To declare a constructor, you should

use the New subroutine. Constructors usually include

parameters for the state variables, so that these variables can

be initialized when the object is created. If you don’t declare

a constructor, then the compiler will generate a default con-

structor that takes no arguments.

It’s a common practice to name parameters in the constructor

the same name as properties. To ensure that the compiler

understands when you are referring to a class variable, prop-

erty, or procedure, you can use the Me keyword.

The following code is an example of a constructor for the

Telephone class:

Public Sub New(ByVal Number As String, ByVal Type As String,

ByVal Color As String)

Me.Number = Number

Me.Type = Type

Me.Color = Color

End Sub

To allow for different scenarios, you can create more than one

constructor by using overloading. Overloading occurs when

two or more methods use the same name but contain differ-

ent parameter lists. You can overload any method in a class,

but constructors are the most common. When overloading a

method, you can call the original method to reduce code rep-

etition. The following constructor accepts a parameter for

only the Number and Type properties and calls the other

constructor to set all three properties:

Public Sub New(ByVal Number As String, ByVal Type As String)

Me.New(Number, Type, “Black”) ‘Calls original constructor

End Sub

Class Inheritance

A class represents a way of classifying objects. Like most

classification schemes, objects can be more or less special-

ized. For example, you can classify a golden retriever as a
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dog, but that dog is also considered a mammal and an ani-

mal. This class specialization is known as inheritance. 

Figure 31 provides an example of class inheritance for real-

world objects.

In this class hierarchy, each class inherits attributes and

operations from the more generalized class above it. Because

a golden retriever, red wolf, and human all inherit from the

mammal class, all three are warm-blooded, have hair, and

contain sweat glands. Unlike a golden retriever and red wolf,

a human can stand upright on two legs. A specialized type

of human hired by a company is an employee. Other special-

izations like contractor or supervisor could exist under

employee. This inheritance relationship means that each

level can have its unique specializations, but don’t need to

redefine any inherited attributes or operations.

Take the Telephone class. There are many types of devices

that have the same attributes and operations as a telephone.

Cellphones are portable telephones that also support texting

and other features. Both telephones and cellphones support

the attributes Type, Color, IsBusy, and IsRinging and the

FIGURE 31—Class

Inheritance of Dogs and

Humans
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operations PlaceCall, HangUp, and AnswerCall. However,

cellphones are specialized telephones because they all use

Touch-Tone dialing and support the SendText operation.

In Visual Basic, you use the Inherits keyword to indicate

that a class will inherit code from another class. A class can

inherit code from only a single class at a time. The class from

which the code is inherited is known as the base class, and

its members can be accessed using the MyBase keyword. The

class that contains the Inherits keyword is known as the

derived class. All code in the base class is inherited with one

exception: constructors.

The following code defines the Cellphone class which inherits

code from the Telephone class:

Public Class Cellphone

Inherits Telephone

Public Sub New(ByVal Number As String) ‘Not inherited

MyBase.New(Number, “Touch-Tone”)

End Sub

‘Automatically inherits the Type, Color, IsBusy, and IsRinging

properties

Function SendText(ByVal phoneNumber As String) As Boolean

‘Send text message to number

End Function

‘Automatically inherits the PlaceCall, HangUp, and AnswerCall 

Methods

End Class

Derived classes can do more than overload methods; they

can also override properties and methods. A derived class can

define the same method with the same parameter list, so that

the method is ignored in the base class. This can only be

done if the property or method is declared in the base class

with the keyword Overridable, and the derived class uses the

Overrides keyword. When overriding properties and methods,

the compiler locates the correct class based on whether the

constructor in the base or derived class was used. This

process is known as polymorphism.
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Because the Cellphone class is derived from the base class

Telephone, you can assign Cellphone objects to variables

that use the Telephone data type. The reverse isn’t true

however. The following code demonstrates this assignment

operation:

Dim c1 As Telephone = New Cellphone

Although this works, you might be thinking why you would

do this. Take the following method:

Sub AssignPhoneToEmployee(ByVal phone As Telephone, ByVal

emp As Employee)

‘Assigns specified phone to specified employee

End Sub

The phone parameter is the data type Telephone, so that it

accepts both Telephone and Cellphone objects. When using

the phone variable in the AssignPhoneToEmployee method,

all properties and methods associated with the Telephone

class are available, but those properties and methods that

are unique to the Cellphone class aren’t. The following code

demonstrates this limitation:

‘These lines will compile 

phone.Color = “Green”

phone.PlaceCall(“4045801280”)

‘This line will not compile 

phone.SendText(“4045801280”)

You can overcome this limitation by referencing the object

using the Cellphone data type. Similar to converting value

types (introduced in Assignment 4), you can use the CType

function. Before you try to convert, you should first verify

whether the value is an actual Cellphone object. You check

whether two variables reference the same object using the Is

and IsNot operators. By using the GetType function with the

Is operator, you can verify whether an object is associated

with a particular class. Before performing any operation on a

reference type variable, you should also check to make sure

it references a valid object. A reference type variable that

doesn’t point to a valid object in memory contains the value

Nothing.
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The following code demonstrates how to convert the

Telephone variable to a Cellphone variable to send a text

message:

If phone IsNot Nothing And phone Is GetType(Cellphone) Then

Dim cellphone As Cellphone = CType(phone, Cellphone)

cellphone.SendText(“4045801280”)

End If

Activity 1-2: Create and Use 

Derived Classes

1. If you’ve closed out of the “Lesson3Activity” project and

Visual Studio, then launch Visual Studio. In the Start

Page document, click Lesson3Activity link in the

Recent Projects section.

2. Add a new class named Employee to the project. (See

Step 5 of Activity 1-1, page 97).

3. Read the following code carefully and then write it in the

Employee.vb file (add only the code in bold):

Public Class Employee

Inherits Person

Private _HireDate As Date

Public Property HireDate As Date

Get

Return _HireDate

End Get

Set(ByVal value As Date)

If value <= Now Then

_HireDate = value

End If

End Set

End Property

End Class

The Module1.vb file should be open in the Document

Panel, so you can just click on its tab. If not, double-

click the Module1.vb file in the Solution Explorer.
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5. Modify the code in the Main method as follows (changes

in bold):

Dim p1 As New Person

p1.Name = “Dan Brown”

p1.Age = 46

Dim p2 As New Employee With _

{.Name = “J.K. Rowling”, .Age = 45, .HireDate =

Now.AddYears(-14)}

p1.Print()

p2.Print()

Console.ReadLine()

Before you run this code, what do you predict the output

will be?

6. Save your work, and build and run the program. Notice

that the HireDate property isn’t being printed.

7. The Person.vb file should be open in the Document

Panel, so you can just click on its tab. If not, double-

click the Person.vb file in the Solution Explorer.

8. Modify the Print method in the Person class as follows

(changes in bold):

Public Overridable Sub Print()

Console.WriteLine(“Name: “ & Me.Name & _

vbCrLf & “Age: “ & Me.Age)

End Sub

9. Open the Employee.vb file and add the following method

at the end of the Employee class:

Public Overrides Sub Print()

MyBase.Print()

Console.WriteLine(“Hire Date: “ &

Me.HireDate.ToString(“d”))

End Sub

Read the code carefully. What does the MyBase.Print( )

statement do?

10. Save your work, and build and run the program. Notice

that the HireDate property is only printed by the

Employee object. This is a demonstration of polymorphism.

11. This same project will be used in Activity 2-1, so you

can keep it open.
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The Object Browser and Object Class

As you can probably imagine, the .NET Framework Class

library is immense and contains lots of examples of class

inheritance. Visual Studio provides a panel named the Object

Browser to navigate through classes in your projects and in

the larger class library. The Object Browser panel is similar

to the Solution Explorer panel, but it displays class compo-

nents rather than file names (Figure 32). 

You can view the Object Browser panel by hitting the F2 key.

For a walk-through using the Object Browser, you should

complete Tutorial 12-3 on pages 762–763 of your textbook.

FIGURE 32—The Object Browser Panel
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By default, every class inherits from the Object class. The

Object class includes the ToString method for a text repre-

sentation of an object’s state. The ToString method is

implemented by the Object class to simply return the name

of the derived class. You must override the ToString method

if you want to have something meaningful. The following code

demonstrates how the Telephone class might override the

ToString method:

Public Overrides Function ToString() As String

Return “Telephone: “ & Me.Type & “, “ & Me.Color

End Function

Implementing Interfaces

Class inheritance provides code reuse and security among

derived classes, but inheritance also creates tight-coupling

between classes. Tight-coupling means that any implementa-

tion changes in the base class will affect all derived classes.

Also, a derived class can have only one base class. Sometimes,

derived classes have a vague relationship and class inheri-

tance doesn’t make sense.

Take our two example classes: Telephone and Cellphone.

Both classes share common implementation details, although

the Cellphone class contains additional texting functionality.

Class inheritance makes sense. But what about other devices

that can also place telephone calls? Because of VoIP (Voice

over Internet Protocol), any Internet-connected device can

also place phone calls. These devices could include smart-

phones, mp3 players, desktops, laptops and tablets. The

primary purpose of these devices isn’t making phone calls,

although they do provide this functionality. Also, the way a

tablet makes a phone call is very different than a telephone.

Having the Tablet class inherit the implementation details

from the Telephone class makes no sense, because all imple-

mentation would need to be overridden.

Interfaces provide the benefits of class inheritance without

the side effects. An interface contains only design details and

no implementation, but unlike class inheritance, a class can
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use multiple interfaces. An interface isn’t a class, so you

can’t create instantiate objects from an interface. You can

declare variables using the interface, however.

You define an interface using Interface keyword. Unlike

classes, the default access modifiers for elements in an inter-

face are set implicitly to Public. To differentiate interfaces

from classes, the class library prepends the letter I to inter-

face names and you should follow the same convention. To

resolve the telephone situation, we could define an interface

for devices that support phone calls as follows:

Public Interface IPhone

Property IsBusy As Boolean

Property IsRinging As Boolean

Function PlaceCall(ByVal phoneNumber As String) As

Boolean

Sub HangUp()

Sub AnswerCall()

End Interface

Notice that the definition for the IPhone interface contains

only the essential properties and methods. This is because

any class that uses this interface must provide implementa-

tion for everything in the interface. This is known as a

contract. When using class inheritance, a class derives or

inherits from another class. When using interface inheritance,

a class implements an interface. You would use the keyword

Implements rather than the Inherits keyword. Each prop-

erty and method defined in the interface must be present in

the class and also contain the Implements keyword.

The Tablet class could implement the IPhone interface as 

follows:

Public Class Tablet

Inherits Computer

Implements IPhone

Private _IsBusy As Boolean

Private _IsRinging As Boolean

Public ReadOnly Property IsBusy As Boolean _

Implements IPhone.IsBusy
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Get

Return _IsBusy

End Get

End Property

Public ReadOnly Property IsRinging As Boolean _

Implements IPhone.IsRinging

Get

Return _IsRinging

End Get

End Property

Public Function PlaceCall(ByVal phoneNumber As

String) As Boolean _

Implements IPhone.PlaceCall

‘Place phone call on tablet

End Function

Public Sub HangUp() Implements IPhone.HangUp

‘Hang up existing call

End Sub

Public Sub AnswerCall() Implements IPhone.AnswerCall

‘Answer incoming call

End Sub

End Class

You may be wondering how useful interfaces really are.

Consider it from a user standpoint. Applications that look

and behave similarly to other applications with which a user

is familiar are easier to learn. There is a reason that number

pads are the same for devices ranging from telephones to TV

remote controls. They all share the same basic design ele-

ments so that the user experience is as seamless as possible.

In the same way, once you learn how to use an interface, you

know how to use classes that implement that interface.

Learning a single interface can teach you the capabilities of

hundreds of classes.
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ASSIGNMENT 9: USE 
ENUMERATIONS, STRUCTURES,
AND COLLECTIONS

Read Assignment 9 in this study guide. Then, read 

pages 581–585 and 750–756 in your textbook.

Now that you’ve learned about how to create custom classes,

this assignment explores how to create two other custom

data types: enumerations and structures. Unlike classes, both

of these are value types, rather than reference types. This

assignment concludes with a discussion on using collection

classes. Collections provide additional functionality over

arrays and preferred in most situations.

Self-Check 8

1. Consider the following real-world objects and state at least two attributes and operations for

them:

a. A car

__________________________________________________________

b. A pen

__________________________________________________________

c. An oven

__________________________________________________________

2. What is class inheritance?

__________________________________________________________

3. What is the difference between deriving a class and implementing an interface?

__________________________________________________________

Check your answers with those on page 218.
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Using Enumerations

Variables and constants are useful in programming because

they provide a recognizable name to values. Using numerical

values without some kind of description can introduce

semantic errors into your code and unneeded confusion if

the code needs to be modified. Rather than refer to a number

as 3.14, you can reference that number (and in much further

precision) as Math.PI. You can name a value 150 with the

variable txtWidth, so that it doesn’t get confused with height

of a form or the vertical spacing for an image.

An enumeration is a custom data type that contains a limited

set of named values. To declare an enumeration in Visual

Basic you should use the Enum keyword. Each named value

should be on a separate line. The following code defines a

simple enumeration for types of telephones:

Public Enum TelephoneType

Pulse

TouchTone

End Enum

To declare a variable that uses the enumeration, you need

only specify the enumeration name as the data type.

Although each name is stored as a whole number, you

should specify the enumeration name and named value

when assigning an enumeration variable. The following code

demonstrates this technique:

Dim type As TelephoneType = TelephoneType.TouchTone

Creating your own enumerations can improve the readability

of your own code, but there is another reason to learn about

enumerations. The .NET class library itself contains many

enumerations for operations like displaying message boxes

and reading files, so that you don’t need to memorize arbi-

trary values as in previous versions of Visual Basic.

Using Structures

Classes aren’t the only complex data type allowed in Visual

Basic; you can also define what is known as a structure. A

structure is a light-weight class that can’t use inheritance.
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Unlike classes, structures are value types and don’t require

instantiation using the New keyword. Structures can contain

properties and methods, including specialized methods like

constructors. Unlike classes, variables declared in a structure

using the Dim keyword have the same accessibility as those

declared with the Public keyword.

To declare a structure in Visual Basic, you should use the

Structure keyword as follows:

Public Structure PhoneNumber

Dim AreaCode As String

Dim Prefix As String

Dim Extension As String

Public Sub New(ByVal Number As String)

AreaCode = Number.Substring(0, 3)

Prefix = Number.Substring(2, 3)

Extension = Number.Substring(6, Number.Length - 6)

End Sub

End Structure

The constructor for the PhoneNumber structure conveniently

parses the first three characters into the AreaCode variable,

the next three into the Prefix variable and the remaining

characters into the Extension variable. To use a structure,

you declare a variable using the structure name as the data

type. You can either set its variables or properties through

manual assignment operations or use an available construc-

tor. The following code demonstrates these two techniques:

‘Method 1

Dim phNum1 As PhoneNumber

With phNum1

.AreaCode = “404”

.Prefix = “580”

.Extension = “1280”

End With

‘Method 2

Dim phNum2 As New PhoneNumber(“4045801280”)

The decision of when to use a structure over a class is often

a philosophical one. In most cases, you should use classes,

but if all that’s required is to group variables together into a

single unit, then a structure will suffice. Also, remember that

classes are blueprints for objects, whereas structures are
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merely logical data groupings. The .NET class library uses

structures for things like system colors and logical points

when painting the screen.

The following activity will give you some practical experience

with creating and using both enumerations and structures.

Activity 2-1: Create and Use

Enumerations and Structures

1. If you’ve closed out of the “Lesson3Activity” project and

Visual Studio, then launch Visual Studio first. In the

Start Page document, click Lesson3Activity link in the

Recent Projects section.

2. You’re going to create and use an enumeration. The

Employee.vb file should be open in the Document

Panel, so you can just click on its tab. If not, double-

click the Employee.vb file in the Solution Explorer.

3. After the Employee class is declared, add the following

enumeration to the file:

Public Enum EmployeeType

PartTime

FullTime

Contractor

End Enum

Add the following code to the Employee class:

Private _Type As EmployeeType

Public Property Type As EmployeeType

Get

Return _Type

End Get

Set(ByVal value As EmployeeType)

_Type = value

End Set

End Property

4. Add the following code to the Print method in the

Employee class:

Console.WriteLine(“Type: “ & Me.Type.ToString())
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5. You’re going to create and use a structure. The

Person.vb file should be open in the Document Panel,

so you can just click on its tab. If not, double-click the

Person.vb file in the Solution Explorer.

6. After the Person class, add the following structure:

Public Structure StreetAddress

Public Street As String

Public Zip As String

Public City As String

Public State As String

End Structure

7. Add the following code to the Person class:

Private _Address As StreetAddress

Public Property Address As StreetAddress

Get

Return _Address

End Get

Set(ByVal value As StreetAddress)

_Address = value

End Set

End Property

8. Add the following code to the Print method in the

Person class:

Console.WriteLine(“Address: “ & Me.Address.Street & “ “

& Me.Address.City & _

“, “ & Me.Address.State & “ “ & Me.Address.Zip)

9. The Module1.vb file should be open in the Document

Panel, so you can just click on its tab. If not, double-

click the Module1.vb file in the Solution Explorer.

10. Modify the code in the Main method as follows (changes

in bold):

Dim p1 As New Person

p1.Name = “Dan Brown”

p1.Age = 46
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Dim address As StreetAddress

With address

.Street = ª55 5th Avenueº

.City = ªNew Yorkº : .State = ªNYº

.Zip = ª10003º

End With

p1.Address = address

Dim p2 As New Employee With _

{.Name = “J.K. Rowling”, .Age = 45, .HireDate =

Now.AddYears(-14)}

With address

.Street = ª555 Broadwayº

.City = ªNew Yorkº : .State = ªNYº

.Zip = ª10012º

End With

p2.Address = address

p2.Type = EmployeeType.Contractor

p1.Print()

p2.Print()

Console.ReadLine()

Before you run this code, what do you predict the output

will be?

11. Save your work, and build and run the program. Did it

meet your expectations?

Using Standard Collections

Arrays have many disadvantages. Items in an array can only

be referenced by an index value. Arrays have a declared size

and must be resized to add additional elements. Finally, arrays

aren’t specialized and only provide a low-level representation

of lists.

Enter the collection. A collection is a high-level list that sup-

ports dynamic resizing, non-integer indexing and additional

specialized functionality. Although Visual Basic provides the

general Collection class, in most scenarios, you’ll choose

particular collection class based on your needs. Figure 33

lists the most common collection classes.
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The Queue and Stack classes are worth describing further.

Queues represent jobs waiting for a printer or customers

waiting in a line. Stacks represent command histories for

undoing work or evaluating arithmetic operations. As you

grow as a programmer, you’ll find these two collection types

helpful to represent a multitude of list algorithms.

All collection classes provide the Count property to indicate

the number of items they contain. The Add and Remove

methods are used to add and remove items in a collection,

respectively. When using the ArrayList class, all items are

accessible using an integer, like an array. When using the

HashTable class, items are reference using a String value

known as the key. Each collection class also supports addi-

tional specialized methods as well. For example, the Queue

class adds and removes items using the Enqueue and Dequeue

methods, while the Stack class adds and removes items

using the Push and Pop methods.

Pages 750–754 in your textbook demonstrate how to use the

general Collection class. The following code demonstrates

how to use the SortedList class:

Dim phoneList As New SortedList

phoneList.Add(“Sam”, New PhoneNumber(“4045801280”))

phoneList.Add(“Jill”, New PhoneNumber(“3158501080”))

phoneList.Add(“Jack”, New PhoneNumber(“6781236622”))

Dim phoneSam = phoneList(“Sam”) ‘Using key

Dim phone1 = phoneList.GetByIndex(0) ‘Using integer index

(Jack is first)

FIGURE 33—Common Collection Classes
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You may recall that items in an array must be of the same

data type. Collections are the same use the Object data type,

rather than a more specific data type. By using the Object

data type, a collection can store items of any data type.

Using Generic Collections

If a standard collection is a specialized array, then a generic

collection is a collection that specializes in a particular data

type. Standard collections store values using the Object data

type, while generic collection can store values as any data

type. What advantage does this offer? In a word, strong-

typing.

Type-safety is an important issue as your programs grow in

complexity. Catching any errors before runtime will save you

time. The simplest error to avoid involves data types. When

using the Object data type, there is always a risk that a con-

version isn’t supported or an unexpected data type is found

in a list. Strong-typing ensures that all data types are

declared and stored explicitly, so that these errors don’t

occur while the program is running.

Generic collections provide type-safety, because when you

instantiate a generic collection, you must declare a data type

it will use for storing values. You use the Of keyword to indi-

cate the data type as follows:

Dim phoneList As New List(Of PhoneNumber) ‘Only PhoneNumber

structures are allowed

Unlike standard collections, generic collections are located in

the namespace System.Collections.Generics. To use the

generic version of the ArrayList class, you should use the

List class. The generic collection class for HashTable is

Dictionary. All other collection classes use the same name

as their nongeneric counterparts.
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Activity 2-2: Use a Collection

1. If you’ve closed out of the “Lesson3Activity” project and

Visual Studio, then launch Visual Studio first. In the

Start Page document, click Lesson3Activity link in the

Recent Projects section.

2. The Module1.vb file should be open in the Document

Panel, so you can just click on its tab. If not, double-

click the Module1.vb file in the Solution Explorer.

3. Modify the code in the Main method as follows (changes

in bold):

Dim p1 As New Person

p1.Name = “Dan Brown”

p1.Age = 46

Dim address As StreetAddress

With address

.Street = “55 5th Avenue”

.City = “New York” : .State = “NY”

.Zip = “10003”

End With

p1.Address = address

Dim p2 As New Employee With _

{.Name = “J.K. Rowling”, .Age = 45, .HireDate =

Now.AddYears(-14)}

With address

.Street = “555 Broadway”

.City = “New York” : .State = “NY”

.Zip = “10012”

End With

p2.Address = address

p2.Type = EmployeeType.Contractor

`Add objects to a collection

Dim collection As New List(Of Person)

collection.Add(p1)

collection.Add(p2)

For Each p As Person In collection

p.Print()

Next

Console.ReadLine()
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Before you run this code, what do you predict the output

will be?

4. Save your work, and build and run the program. Did it

meet your expectations?

Self-Check 9

1. How is an enumeration different than the Boolean data type? How is it different from the

String data type?

__________________________________________________________

__________________________________________________________

2. What is difference between a class and structure? When should you use a structure over a

class?

__________________________________________________________

3. What is the difference between an array and collection? How is an object stored differently in

a standard collection versus a generic collection?

__________________________________________________________

Check your answers with those on page 219.

ASSIGNMENT 10: HANDLE
EVENTS AND EXCEPTIONS

Read Assignment 10 in this study guide. Then, read 

pages 63–64 and 158–168 in your textbook. Note: You should

complete Tutorial 3-9 in your textbook for a hands-on demon-

stration of exception handling.

Both events and exceptions are occurrences for which a

programmer must plan and write code. Events are optional,

whereas exceptions aren’t. This assignment describes how to

handle and create your own events and exceptions.
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Creating Custom Events

As described previously, an event is a notification generated

by an object. Whereas an operation is an action performed by

an object, an event is an alert to which you can write code.

You can think of an operation as a request and an event as a

response. In Visual Studio, events are represented by the

lightning bolt icon.

Events include user interface events such as when a mouse

button is clicked or internal changes such when a critical

temperature threshold has been reached. To create a custom

event for a class, you use the Event class in Visual Basic.

Like operations, you can specify arguments that will be

passed when the event occurs. The most common is the

source parameter specifying where the event came from. The

following code creates the Ring event for the Telephone class:

Public Event Ring(ByVal source As Telephone)

To generate the custom event, you should use the

RaiseEvent statement. The RaiseEvent statement should

specify the name of the event and argument values in paren-

theses. The following code generates the Ring event:

RaiseEvent Ring(Me)

Handling Custom Events

To handle events generated by an object, you must use the

WithEvents keyword when declaring the object variable. The

following code ensures that the Ring event can be handled

for the myTelephone object:

Dim WithEvents myTelephone As New Telephone

To use an object’s event, you must register and handle the

event. First, you must declare a procedure that will be called

when the event occurs. This procedure is known as an event

handler. An event handler can handle multiple events, and

multiple event handlers can handle the same event. The

procedure must have the same parameters as specified in

the event declaration. 
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The following event handler could be defined for the Ring

event:

Sub myTelephone_Ring(ByVal source As Telephone)

MessageBox.Show(source.Number & “ is ringing!”)

End Sub

You can name the event handler procedure whatever you

like, but common convention uses the syntax

objectName_EventName. When the Visual Studio designer

generates code, this convention is followed.

Next, you must register the event handler with the object’s

event. You can register event handlers during runtime or

design-time. Design-time event registration is easier to debug,

but is also the least flexible of the two approaches. In design-

time event registration, you use add the Handles keyword to

the event handler as follows:

Sub myTelephone_Ring(ByVal source As Telephone) _

Handles myTelephone.Ring

MessageBox.Show(source.Number & “ is ringing!”)

End Sub

Runtime event registration can be used to turn on and off

event handling dynamically. To register an event handler, you

should use the AddHandler statement. To unregister an

event handler, you should use the RemoveHandler state-

ment. You must use the AddressOf function to reference the

name of the event handler. The following demonstrates how

to register and deregister using a runtime event handler with

an event:

AddHandler myTelephone.Ring, AddressOf myTelephone_Ring

RemoveHandler myTelephone.Ring, AddressOf myTelephone_Ring

Besides control layout, most programming for graphical user

interfaces involves handling events. You’ll get plenty of oppor-

tunities to handle UI events for many different control types

in the next lesson.
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Exception Handling

An exception is an error that occurs while a program is exe-

cuting. If an exception isn’t dealt with by the programmer,

then it’s passed to the operating system. The operating sys-

tem’s response is usually to terminate the program. Most

exceptions can be avoided by performing simple checks on

variables before using them. But not all exceptions can be

predicted. Exception handling is a strategy of dealing with

exceptions when they occur, so that a program behaves as

expected even when abnormal conditions exist.

All exceptions derive from the base class Exception. The

Exception class contains the properties Message and

Source. For a human-readable explanation of the error, use

the Message property. Like events, the Source property

indicates the object from which the error originates. To

indicate the type of error, the CLR generates a specific

exception object. For example, if you try to access an item

in a collection using an invalid index, you’ll generate an

ArgumentOutOfRangeException. If you try to pass a vari-

able that doesn’t contain a value as an argument, you’ll

generate an ArgumentNullException.

To handle exceptions, you should use the Try...Catch state-

ment around any code that might generate an exception. For

each exception type, you should use the Catch keyword and

specify the exception class. The following procedure handles

exceptions when adding phone numbers to a list:

Sub AddPhoneNumber(ByVal key As String, ByVal number As

PhoneNumber)

Try

phoneList.Add(key, number)

Catch ex As ArgumentException

MessageBox.Show(“You already added this phone

number!”)

Catch ex As Exception

MessageBox.Show(“Some other error occurred.”)

End Try

End Sub
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The order of Catch blocks does matter. You should always

handle specific exceptions first and handle general exceptions

last.

Creating Custom Exceptions

You can create your own exceptions using class inheritance.

The following code demonstrates a simple exception derived

from the base class Exception:

Public Class InvalidPhoneNumberException

Inherits Exception

End Class

To generate the exception within code, you should use the

Throw statement as follows:

Throw New InvalidPhoneNumberException

When using the Visual Studio debugging environment,

unhandled exceptions will cause the program to pause. This

pause is known as break mode. When program is run by the

user, unhandled exceptions will actually cause the application

to end abruptly. So you should make sure to handle all pos-

sible exceptions or your programs will fail rather dramatically.

Self-Check 10

1. What is an event?

__________________________________________________________

__________________________________________________________

2. What are the two steps in handling an event?

__________________________________________________________

(Continued)
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Self-Check 10

3. Which keyword should you use when declaring an object variable, so that you can handle

events?

__________________________________________________________

4. What is an exception?

__________________________________________________________

5. Which statement should you use to handle an exception?

__________________________________________________________

Check your answers with those on page 219.



Object-Oriented
Programming
Fundamentals

OVERVIEW

Since you’ve read through Chapter 12 and selections from

other chapters in your textbook and completed the study

guide, you have the requisite OOP knowledge to expand the

GroceryApp project. This project will assess your under-

standing of using classes, enumerations, and handling

exceptions.

Make sure that you follow all directions completely and verify

your results before submitting the project. Remember to

include all required components in your solution or you won’t

receive full credit.

YOUR PROJECT

In the graded project for Lesson 2, you implemented the login

process for a Windows Forms application in Visual Studio. 

In this project, you’ll add exception handling to the login

process. You’ll also create a class to represent a grocery item

and a custom collection class to represent a grocery basket.

The output of this project will be used in the next graded

project.

INSTRUCTIONS

1. In Visual Studio, load the GroceryApp project that you

completed in Lesson 2. If this isn’t available, then you’ll

need to ask your instructor for the finished Lesson 2

project.

2. Add a new class to the project named LoginException.vb

(Figure 34).
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Make the LoginException class a custom exception by

deriving from the Exception class. See Assignment 3 for

an example.

3. In the Login procedure of the Main module, replace the

two lines that read MessageBox.Show(“Incorrect password.”)

with the following code:

Throw New LoginException

4. Save your work and debug the application. What hap-

pens now when you type in an incorrect password for a

valid username?

5. Stop debugging the application. You’ll now add exception

handling code.

6. Add a Try...Catch statement for the following line in the

btnLogin_Click event handler procedure:

Main.Login(txtUsername.Text, txtPassword.Text)

Add the following line to the Catch block:

MessageBox.Show(“Incorrect password.”)

FIGURE 34—Enter LoginException.vb and click Enter.



7. Save your work and debug the application. It should

perform the same action as before.

8. Add a new public class to the project named

GroceryItem. See Assignment 1 for help.

9. The class should contain the following public properties:

■ ScanNumber. Represents the unique serial code for

the item on the shelf. This property should be read-

only.

■ BrandName. The name as described on the item’s

packaging

■ Description. A short description of the item

■ Price. The amount of money it costs to buy the item.

Make sure that only positive values can be assigned

to this property.

■ Aisle. This should indicate one of the following

aisles: Bakery, Canned Good, Drinks, Deli, 

Dry Goods, Frozen Food, and Produce. See 

Assignment 2 on how to create enumerations.

10. The class should contain the following public 

constructors:

■ A constructor that accepts and sets only the

ScanNumber property. Remember, if a property is

read-only, then you’ll need to set the variable, not

use the property name.

■ A constructor that accepts and sets the

ScanNumber, BrandName, and Price properties.

11. Add a new public class to the project named

GroceryBasket. See Assignment 2 for help.

a. Derive from the generic Dictionary class.

b. Ensure that only String values are used as keys.

c. Ensure that only GroceryItem objects are stored as

values.
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12. Test your work. You can add code to the btnLogin_Click

event handler procedure to instantiate the GroceryItem

class and add multiple objects to the GroceryBasket

class. Make sure you either remove or comment out this

code after testing.

SUBMISSION GUIDELINES

To submit your project, you must provide the following five

files:

■ Main.vb

■ LoginForm.vb

■ LoginException.vb

■ GroceryItem.vb

■ GroceryBasket.vb

To find these files, you should go to directory where you

saved the GroceryApp project. To determine this path, click

on GroceryApp in the Solution Explorer panel. Copy the

value for the Project Folder property in the Properties

panel. In Windows Explorer, paste the file path and hit 

the Enter key. Copy the Main.vb, LoginForm.vb,

GroceryItem.vb, and GroceryBasket.vb files to your desk-

top or any other temporary location.

Use the following procedure to submit your project online:

1. Log in to view your student homepage and go to the

My Courses page.

2. Click on Take Exam next to the lesson you’re working on.

3. Attach your files as follows:

a. Click on the Browse box.

b. Locate the file you wish to attach.

c. Double-click on the file.

d. Click Upload File.

e. If you have more than one file to attach, repeat 

steps a–d for each file.



4. Enter your e-mail address in the box provided. 

(Note: Your e-mail address is required for online 

submissions.)

5. If you wish to include comments about this project to

your instructor, enter your comments in the Message

box.

6. Click on Submit Files.

Grading Criteria

Remember to follow directions and follow good OOP princi-

ples as described in the study guide.

Your project will be graded using the following rubric:

■ The GroceryItem class is 

defined correctly. 130 points

■ The GroceryBasket class 

is defined correctly. 120 points

■ The Login button correctly 

uses a Try...Catch statement. 110 points

■ All source code files are included. 140 points

TOTAL 100 points
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Graphical User Interface
Design for Windows Forms

INTRODUCTION

Now that you’ve learned the fundamentals of programming in

Visual Basic and Visual Studio, it’s time to start building the

graphic user interface (GUI) using Windows Forms technology.

Although the Windows Forms designer in Visual Studio will

greatly reduce the raw amount of code you write, the con-

cepts you’ve learned in this course will be instrumental in

your success. When building GUIs, graphical components

and controls will provide properties, methods, and events to

determine their appearance and behavior. Control statements

will be used to handle user input and offer user feedback.

You’ll also learn about how to create complex Windows

Forms applications that contain multiple forms and menus.

OBJECTIVES

When you complete this lesson, you’ll be able to 

■ Explain how the Windows Forms designer works

■ Compare and contrast standard Windows controls

■ Create a custom class and instantiate objects

■ Differentiate between relative and absolute positioning

of controls

■ Place controls on a form using basic and advanced lay-

out techniques

■ Discuss common properties and event for controls and

forms

■ Choose the best strategy to gather user input

■ Choose the best strategy to provider user feedback

■ Control multiple forms within a single application

■ Create a main menu for a form
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ASSIGNMENT 11: DESIGN A 
WINDOWS FORM

Read Assignment 11 in this study guide. Then, read 

pages 43–95, 168–171, 791–795, and 801–804 in your 

textbook. 

As you were learning in the last lesson, Windows Forms

design is a practical application of object-oriented program-

ming. All visual elements, including the Windows form itself

are objects that contain properties, methods, and events.

Properties can be set at design time when the program first

loads or while the program is running. Methods are used to

control how these visual elements behave, while events pro-

vide a means to respond to user actions. 

This assignment explores how to use components and con-

trols in a simple Windows Forms application. Read through

pages 43–95 in your textbook. Then, follow the steps for

Tutorial 2-1 through Tutorial 2-13 to create the basic user

interface for the Directions application. This assignment is a

review of these pages in Chapter 2 and other selected pages

in Chapters 3 and 8 and Appendix A.

The Windows Forms Designer

As described in Assignment 3, the Windows Forms Designer

provides a WYSIWYG (What You See Is What You Get) 

interface that automatically writes code for you. This

designer-generated code is known as design-time code.

During design time, Visual Studio will check your actions 

to ensure that its code won’t generate any errors.

A Windows Form is a named class derived from Form class.

Design time–generated code is separated from the code you

write by using partial classes. As you’ll recall from your work

in Assignment 8, a partial class allows a single class to split 
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its definition across multiple files. The designer creates a

Designer.vb file that contains the following code (details

omitted for clarity):

Partial Class Form1

Inherits System.Windows.Forms.Form

Protected Overrides Sub Dispose(ByVal disposing As Boolean)

‘Handles control and component removal

End Sub

Private Sub InitializeComponent()

‘Handles control and component initialization

End Sub

End Class

This means the designer isn’t performing any magical

actions, just writing the brunt of the design-related code for

you. Although it’s recommended that you don’t modify

designer-generated code, you can view the contents of the

Designer.vb file to see how the designer translates your

actions in Visual Studio.

Types of Windows Controls

Windows Forms supports a variety of controls and compo-

nents with built-in functionality, so that you don’t need to

create your own. Figure 35 describes some common controls

used in most Windows applications. If any of these controls

are confusing to you, the best way to learn is to add that

control from the Toolbox to a new form and run the applica-

tion to see how it behaves. By default, the Toolbox is located

on the upper left side of the Visual Studio screen, below the

Toolbars.
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If you require additional functionality, you can use inheri-

tance to derive a custom control from an existing one. For

example, if you want to have a textbox that only allows

numerical values, you could create a class derived from the

TextBox class.

Standard Control Properties

All controls, including the Windows Form itself, derive from

the Control class. This means that all controls share the fol-

lowing appearance properties:

■ Name. The variable associated with the control. This is

used to reference the control.

FIGURE 35—Common Windows Controls
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■ Text. The visible content or description text associated

with a control.

■ Size. Width and height in pixels of the control.

■ Location. The coordinate location of the top, left corner

of the control.

■ Font. The font, size, and format of text displayed in the

control.

■ Enabled. Indicates whether the user can use the control

at runtime. If a control is disabled, it usually appears to

be grayed out.

■ Visible. Indicates whether the control is visually dis-

played at runtime.

You can set these properties using the Properties panel at

design time or using code at runtime. If you set the property

in the Properties panel, then when the program loads, these

values will be used as the default for the control. Some 

specialized properties are not available in the Properties

panel, but you can always use code to access control 

properties.

Control Layout

The most painstaking strategy for placing

controls on a form is using absolute posi-

tioning. In absolute positioning, controls are

placed using only the Location and Size

properties. To use absolute positioning, you

would need to use exact measurements and

a good eye for perfection. Luckily, the

designer makes this layout a viable option.

When you click and drag an existing con-

trol on a form, smart guidelines appear to

help you align the control with other con-

trols. See Figure 36 for an example of this

behavior.

FIGURE 36—Smart Guidelines
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You can also modify the position and

size of controls using the Format menu

(Figure 37). To select multiple controls at

the same time, you can hold down the

Shift or Ctrl key when clicking on each

control. The first selected control will serve

as the template for alignment and sizing. To

align the left side of two controls, you

would position one control at the desired

position and then Shift-click (hold down the

Shift key while clicking) on the other con-

trols. Then, choose the Format > Align >

Left option. After you’re done positioning

elements, you can use the Lock Controls

option in the Format menu so you don’t

accidentally move the controls. Note that

you can still set the Location and Size properties in the

Properties panel.

Another layout strategy is to use relative

positioning. Relative positioning sets the

position and size of controls based on the

size and position of other controls, often to

allow form resizing. The two major proper-

ties for relative positioning are Anchor and

Dock (Figure 38).

The Anchor property specifies which sides

will stay in their relative position when the

form is resized. By default, all controls are

anchored to their top and left sides, which

means if the form is resized, the top, left corner will remain

in that position. If you set all sides, then both the control’s

height and width would grow and shrink based on the size of

the form. The Dock property specifies which area the control

will expand. For most forms, the menu will use the Top

placement, and the status bar will be on the Bottom. In

these positions, the controls will always be at the top and

bottom, respectively, and will expand their widths to match

the form. The Left and Right placements will expand their

heights to match their form.

FIGURE 37—Format Menu

FIGURE 38—Anchor and Dock Properties
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A convenient method for providing spacing between controls

is to use the Padding property. This property dictates the

distance in pixels from other controls, so that the controls

don’t bleed into each other.

More Layout Options on Windows

Forms

You can create more complex layouts using container controls

(found in the Containers section of the Toolbox). The Panel

container is the simplest to use. Add it to a form and then

place each of the desired controls inside of it. The Panel

container’s size and position will then affect each of its child

controls. Each child control uses absolute positioning. The

GroupBox container is very similar to the Panel container,

but it also displays text and a border around the child

controls.

The FlowLayoutPanel container will auto-

matically flow controls from left-to-right

and top-to-bottom, based on its size. The

TableLayoutPanel container uses rows and

columns for placing its child controls.

TabControl is probably the most complex

container. Unlike the other containers, the

TabControl container allows you to place

controls on top of each other using a tab-

like structure (Figure 39). This container

requires the user to choose controls by

clicking on the desired tab.

Activity 1-1: Create a Windows Form

Using Standard Controls and Advanced

Layout 

1. To launch Visual Studio, click on the Start Menu and

click the All Programs section. Choose Microsoft Visual

Basic 2010 Express in the Microsoft Visual Studio

2010 Express folder.

FIGURE 39—TabControl
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2. In the File menu, choose New Project. You can also

click on the New Project link in the Start Page.

3. Choose the Windows Forms Application project in the

New Project dialog. Name the project Lesson4Activity

and click the OK button.

4. Click on a blank space of Form1. In the Properties

panel, set the following properties:

a. Set the (Name) property to BrowserForm.

b. Set the Text property to Web Browser.

c. Set the Size to 800, 400.

d. Hit the Enter key to update the form.

5. Add a WebBrowser control to the form. Click and drag

the WebBrowser control from the Toolbox to a blank

area of the form.

6. Select the WebBrowser control on the form. In the

Properties panel, set the following properties:

a. Set the (Name) property to webBrowser.

b. Set the Url property to http://windowsclient.net.

c. Set the Dock property to Bottom.

7. Add a TabControl control to the form. Click and drag

the TabControl control from the Toolbox to a blank area

of the form. This is located in the Containers section of

the Toolbox.

8. Select the TabControl control on the form. In the

Properties panel, set the following properties:

a. Set the (Name) property to tabsContainer.

b. Set the Dock property to Top.

c. Click on the TabPages property in the Properties

window. Click on the … button to open the TabPage

Collection Editor dialog (Figure 40).
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9. Select the TabPage1 member in the left pane.

10. In the right pane, set the Text property to Address.

11. Select the TabPage2 member in the left pane.

12. In the right pane set the Text property to Notes.

13. Click the OK button.

14. Add a TextBox control to the form. Click and drag the

TextBox control from the Toolbox to somewhere inside

the TabControl area. 

15. Select the TextBox control on the form. In the

Properties panel, set the following properties:

a. Set the (Name) property to txtURL.

b. Set the Location property to 0, 25.

c. Set the Size property 600, 20.

d. Hit the Enter key to update the form.

FIGURE 40—TabPage Collection Editor
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16. Add a Button control to the form. Click and drag the

Button control from the Toolbox to somewhere inside

the TabControl area. 

17. Select the Button control on the form. In the Properties

panel, set the following properties:

a. Set the (Name) property to btnLoadURL.

b. Set the Text property to Load URL.

c. Set the Location property to 620, 23.

d. Set the Size property 150, 25.

e. Hit the Enter key to update the form.

18. Click on the Notes tab on the TabControl. This will now

display this next tab page. Don’t be concerned; the

TextBox and Button controls are still on the Address

tab page. Check for yourself.

19. Add a RichTextBox control to the form. Click and drag

the RichTextBox control from the Toolbox to some-

where inside the TabControl area. Make sure the Notes

tab is selected before doing this!

20. Select the RichTextBox control on the form. In the

Properties panel, set the following properties:

a. Set the (Name) property to txtNotes.

b. Set the Dock property to Fill.

c. Save your work. You can use the Save All option or

the keyboard shortcut (Ctrl+Shift+S).

21. Run the program. You can either click the green triangle

button in the toolbar, choose the Start Debugging

option in the Debug menu, or hit the F5 key to run the

program. You should see the following output, which

should match what’s shown in Figure 41.

22. Click on the Notes tab and type in some lines of text.

Notice how they automatically wrap at the end of the

line.

23. Close out of the Web Browser window.



Lesson 4 141

You’ll add further functionality to this application in 

Activity 2-2.

Handling Control Events

To write code for a default event associated with a control,

you need only to double-click on the control in the designer.

The designer will write the event-handling code and drop you

into the source code editor. The default event for most controls

is Click. Other controls don’t normally handle this event.

For example, the default event for text-based controls like

TextBox and RichTextBox is the TextChanged event.

You can use the Properties panel to see other events avail-

able for a selected control. Click on the yellow lightning

button and all available events will be displayed (Figure 42). 

To write an event handler, double-click on the event. You can

also choose an existing procedure from the drop-down list to

the right. The following is an example of the event handler for

the Click event of Button1:

FIGURE 41—WebBrowser Control
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Private Sub Button1_Click(ByVal sender As

Object, ByVal e As EventArgs) 

Handles Button1.Click

End Sub

You could rename the procedure, but the argu-

ment data types and the Handles keyword are

required. 

Form Properties and Events

Because the Form class is derived from the

Control class, it includes many of the same

properties. There are some minor differences.

The Text property specifies the text that dis-

plays in the title bar of the form window. The

Font property is the default text format for all

controls on the form. Besides these similarities,

the Form class also has some custom proper-

ties, which are listed below.

■  StartPosition. Set the location of the form

when it’s displayed. 

■  WindowState. Choose whether the form is

minimized, maximized, or at normal size

when displayed.

■  ControlBox. Choose whether the minimize,

maximize/restore, or close buttons appear in

the title bar.

■  TopMost. Choose whether the form is on top of all other

forms in the application at all times.

The Form class also has two important events: Load and

Closing. The Load event occurs when the form is first loaded

into memory but before it’s displayed. In the Load event, it’s

common to initialize variables or perform any basic process-

ing before accepting user input. You can double-click on a

blank area of the form in the designer to create the Load

event handler. The Closing event occurs when the user

FIGURE 42—Events in the Properties Panel
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attempts to close the form. You can write code in this event

handler to cancel closing the form or to perform any cleanup

before the form is closed.

Activity 1-2: Respond to Form and

Control Events

1. If you’ve closed out of the Lesson4Activity project and

Visual Studio, then launch Visual Studio. In the Start

Page document, click Lesson4Activity link in the

Recent Projects section.

2. Double-click on a blank area of BrowserForm. The only

blank area left on the title bar where the text Web

Browser is displayed. You can also use the Properties

panel to select the form’s Load event manually.

3. Add the following statement to the BrowserForm_Load

method:

‘Displays the URL in the textbox when the form loads

txtURL.Text = http://windowsclient.net

4. Click on the Form1.vb (Design) tab in the Document

Panel.

5. Double-click on the Load URL button on the form. If the

Load URL button isn’t visible, then click on the Address

tab in the TabControl. You can also use the Properties

panel to select the Click event for the Load URL button

manually.

6. Add the following statement to the btnLoadURL_Click

method:

‘Loads the URL typed in the textbox

webBrowser.Url = New Uri(txtURL.Text)

7. Save and run the program. Modify the URL to

http://www.google.com and then click the Load URL but-

ton.

In Activity 2, we will handle user input and feedback issues

with the application.
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Self-Check 11

1. Which control type would be the best to collect the following user input?

a. Free-form, multiple-line text that contains formatting

__________________________________________________________

b. A valid date of birth

__________________________________________________________

c. The quantity of items in an order form

__________________________________________________________

2. Which control property indicates whether a control displays as grayed out?

__________________________________________________________

3. Which two control properties are used in absolute positioning?

__________________________________________________________

4. Which two control properties are used in relative positioning?

__________________________________________________________

5. Which form event should you use to perform variable initialization and any basic processing

before accepting user input?

__________________________________________________________

Check your answers with those on page 220.
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ASSIGNMENT 12: HANDLE USER
INPUT AND PROVIDE USER
FEEDBACK

Read Assignment 12 in this study guide. Then, read 

pages 109–122, 252–260, 288–296, and 288–296 in your 

textbook.

This assignment covers handling user input and list-based

controls, as well as providing feedback using the ErrorProvider

and HelpProvider controls, tool tips, and the MessageBox

class. When building a Windows application, you must

always consider how best to handle user input and to provide

user feedback. Gathering and validating user input ensures

that an application doesn’t break when unexpected things

happen. Providing visual cues and feedback to users ensures

that they feel in control and understand what’s happening in

the application.

Gathering Control Input

The most common way to receive user input is to use the

TextBox control. To retrieve the text typed into the TextBox

control, you should use the Text property as follows:

var input = txtControl.Text

The TextBox control is restricted to a single line of text by

default, but you can set the Multiline property to True to

allow multiple lines. You can restrict the number of allowed

characters using the MaxLength property. You can even dis-

able displayed typed characters by setting the PasswordChar

to a value.

The TextBox control also provides the following methods:

■ Clear(). Deletes all text in the TextBox control

■ Focus(). Moves the cursor to the TextBox control.

■ Select(). Highlights the specified text within a TextBox

control.

■ SelectAll(). Highlights all text within a TextBox control.
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When accessing controls in a form, users have certain expec-

tations. Normally, to move the cursor to the next field on a

form, the user hits the Tab key. The TabIndex property spec-

ifies the order in which the cursor is moved before reaching

that control. You can set the TabIndex property in the

Properties panel or in code. The higher TabIndex value

means the control will receive the cursor later than controls

with lower TabIndex values (Figure 43).

Another expectation involves access keys. Access keys are an

Alt key combination by which users can go directly to certain

controls or menus. Access keys are displayed by an under-

scored character. To display an access key, you should use

the ampersand character (&) in the code as follows:

Dim btnLoad As New Button

btnLoad.Text = “&Load”

The button will be displayed on the form like this:

The underscored L indicates that the access key combination

of Alt and L will move the cursor to the button. To use an

access key for a TextBox control, you need to create a Label

FIGURE 43—Tab Order on

a Form
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control that contains the access key and place it next to the

TextBox control.

You can also create shortcuts for default buttons using Form

properties. The AcceptButton property specifies a button

that’s automatically clicked when the Enter key is hit. A

button assigned to the CancelButton property will be auto-

matically clicked when the Esc key is hit.

Validating User Input

When handling user feedback, you should always perform

validation. Validation is the process of checking values to

ensure they meet the program’s expectations. By default,

input received from the TextBox is the String data type.

To treat the input as any other data type, you must per-

form conversion. See Assignment 4 to see how to perform

conversion operations.

Another way to perform conversions is to use the TryParse

method. This method accepts a String variable and a vari-

able for the desired data type. If the String value can be

converted to the correct data type, then it will be stored in

the other variable, and the TryParse method will return

True. If not, then the TryParse method won’t set the other

variable and will return False. The following code demon-

strates validating input for the Date data type using the

TryParse method:

Dim dtDOB As Date

If Not Date.TryParse(txtInput.Text, dtDOB) Then

MessageBox.Show(“Not a valid date!”)

End If

Table 4-12 on page 253 of your textbook describes the differ-

ent TryParse methods for data types.

Another way to perform input validation is to use specialized

controls so users can’t provide unexpected values. The

DateTimePicker control only allows valid dates and times.

To accept only numeric values, you could use the

NumericUpDown control. To retrieve specialized data types

from these controls, you should use the Value property.
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RadioButton and CheckBox Controls

RadioButton and CheckBox are two other specialized controls

for choosing from available options. The RadioButton control

allows only a single choice from the available options, while the

CheckBox control allows for zero or more choices. Figure 44

shows the visual difference between these control types.

To use the RadioButton and CheckBox

controls on a form, you should first add a

GroupBox container and set its Text prop-

erty to describe the options. Then, add each

RadioButton or CheckBox control to the

GroupBox container. Remember, only a

single RadioButton control can be selected

within a group.

The Checked property indicates whether

the RadioButton or CheckBox control has

been selected. You can also set the

Checked property to display a default value

when the form loads.

List Controls

Rather than add controls for each available option manually,

you can use list-based controls such as the ListBox,

CheckedListBox, and ComboBox controls to display the

options in a single control. List-based controls contain a list

of options available through the Items property. The Items

property is a collection so you can apply everything you

learned about collections. (See Assignment 9.) You can also

access the Items property using the Properties panel as

depicted in Figure 45.

The SelectedItem and SelectedItems properties retrieve the

selected option or multiple selections if allowed. By default,

the ListBox control only allows a single item for selection,

but you can set the SelectionMode property for multiple

selections. The CheckedListBox control provides multiple

selections using embedded CheckBox controls.

FIGURE 44—RadioButton and CheckBox Display
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The ComboBox control combines a textbox with a drop-down

list of options. Unlike the other two controls, you use the

Text property to retrieve the typed or selected value. The

DropDownStyle property determines whether users can

specify a value that’s not within the option list. See the figures

on page 321 in your textbook for a visual depiction of these

styles.

Providing Information

There are a variety of ways to provide user feedback. The

simplest means is to use tooltips. Tooltips are pop-up rectan-

gles that appear when the cursor hovers over a control. To

use tooltips, you should add the ToolTip component to the

form. For each control, set the ToolTip property to the

desired text value. Perform the steps in Tutorial 5-11 on 

page 330 in your textbook for an example of using tooltips.

To display error and help messages, you can use the

ErrorProvider and HelpProvider components. The

ErrorProvider component displays error notifications, while

the HelpProvider component displays help messages when

FIGURE 45—Items Collection
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the user hits the F1 key. To display an error message using

the ErrorProvider component, you should use the SetError

method as follows:

ErrorProvider1.SetError(txtUsername, “Invalid username”)

To remove error messages, you should use the Clear method.

Displaying Advanced Message Boxes

Message boxes are intended to provide immediate and impor-

tant user feedback, such as warnings and error messages. So

far, you’ve used the MessageBox class to display simple win-

dows, but it can provide advanced functionality as well. The

Show method can accept additional arguments as follows:

MessageBox.Show( MessageText, CaptionText, Buttons,

IconImage )

The MessageBoxButtons enumeration indicates the 

button(s) that will be displayed on message. Table 4-8 on

page 242 in your textbook shows the available values. The

MessageBoxIcon enumeration specifies the icon image as

shown on Figure 4-23 on page 243 in your textbook. Take

the following code:

MessageBox.Show(“Are you sure you want to do that, Dave?”, “HAL”,

MessageBoxButtons.YesNo, MessageBoxIcon.Exclamation)

This code will display the message box as indicated by 

Figure 46 below.

FIGURE 46—Displayed

MessageBox
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The Show method returns a DialogResult enumeration indi-

cating the option chosen by the user. The DialogResult

enumeration contains all possible message box buttons. The

following code demonstrates how to use the value returned

from the MessageBox.Show method:

Dim rsltMessageBox = MessageBox.Show( _

“Are you sure you want to do that, Dave?”, “HAL”, _

MessageBoxButtons.YesNo, MessageBoxIcon.Exclamation)

If rsltMessageBox = DialogResult.Yes Then

‘Continue action

Else

‘Cancel action

End If

Activity 2: Validate User Input and

Provide Feedback

1. If you’ve closed out of the “Lesson4Activity” project and

Visual Studio, then launch Visual Studio first. In the

Start Page document, click Lesson4Activity link in the

Recent Projects section.

2. If the form designer isn’t visible, then click on the

Form1.vb (Design) tab in the Document Panel.

3. Add a ToolTip component to the form, by dragging the

ToolTip component from the Toolbox.

4. Add an ErrorProvider component to the form. This is

located in the Components section of the Toolbox.

5. Select the BrowserForm. You can select the form by

clicking on the title bar or selecting the form from the

drop-down list at the top of the Properties panel. In the

Properties panel, set the following property:

Set the AcceptButton property to btnLoadURL.
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6. Select txtURL. You can select the TextBox control by

selecting the control from the drop-down list at the top of

the Properties panel. In the Properties panel, set the

following properties:

a. Set the ToolTip on ToolTip1 property to Please enter

a valid URL.

b. Hit the Enter key to update the form.

7. Select btnLoadURL. You can select the Button control

by selecting the control from the drop-down list at the

top of the Properties panel. In the Properties panel, set

the following properties:

a. Set the Text property to &Load URL.

b. Set the ToolTip on ToolTip1 property to Loads the

typed URL.

c. Hit the Enter key to update the form.

8. Open the source code. You can either click on the

Form1.vb tab in the Document Panel or right-click on

the form designer and choose the View Code option in

the context menu.

9. Add the following method to BrowserForm class:

Private Function ValidateURL(ByVal strURL As String) As

Boolean

If Not strURL.StartsWith(“http://”) Then

txtURL.Focus()

txtURL.SelectAll()

ErrorProvider1.SetError(txtURL, “Invalid URL”)

Return False

Else

ErrorProvider1.Clear()

Return True

End If

End Function
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10. You should have created an event handler for the Load

URL button in step 5 of Assignment 1-2. Modify the

contents of the existing btnLoadURL_Click method as

follows (changes in bold):

If ValidateURL(txtURL.Text) Then

‘Loads the URL typed in the textbox

webBrowser.Url = New Uri(txtURL.Text)

End If

11. Save and run the program.

12. Try typing URLs that don’t contain the http:// portion.

Notice how the application behaves. Also, note that you

can use the key combination Alt+L to go to the Load

URL button. You can also hit the Enter to perform the

action without clicking the Load URL button. 

Self-Check 12

1. Which method highlights all text within a TextBox control?

__________________________________________________________

2. Which property specifies the order for a control when the TAB key is pressed?

__________________________________________________________

3. Which control allows only a single choice from available options?

__________________________________________________________

4. Which property is a collection of options in a list-based control?

__________________________________________________________

(Continued)
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ASSIGNMENT 13: HANDLE 
MULTIPLE FORMS AND MENUS
IN WINDOWS APPLICATIONS

Read Assignment 13 in this study guide. Then, read 

pages 407–429 and 439–450 in your textbook.

Rarely do business applications use a single form or use only

buttons to perform operations. This assignment covers han-

dling multiple forms and menus. It’s recommended that you

perform the steps in Tutorial 7-1 and Tutorial 7-5 in your

textbook after completing this assignment.

Self-Check 12

5. Which code should you use to display the following message box?

__________________________________________________________

Check your answers with those on page 220.
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Startup Form

When only a single form is involved, that form controls the

lifetime of the application. When the application starts, the

form is automatically loaded and displayed. When the form is

closed, the application exits. You must specify which form

controls the application if it contains multiple forms. This

form is known as the startup form.

You specify the startup form using the project properties. You

can either access the project properties using the Project

menu or by right-clicking on the project name in Solution

Explorer and choosing the Properties option in the context

menu. Then, specify the form in the Startup form drop-down

list (Figure 47).

To end an application even when the startup form is open,

you can call the Exit method on the Application class

directly as follows:

Application.Exit()

Display, Close, and Hide a Form

Because forms are objects, you must first instantiate the

form class before loading the form. The following code instan-

tiates the form Form1:

Dim form1 As New Form1

FIGURE 47—Startup Form in Project Properties
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To load and display a form, you can use either the Show or

ShowDialog methods. The Show method will display the

form normally, while the ShowDialog method will display the

form modally. A modal window must be dismissed before the

user can access any other window in the application. When

the ShowDialog method is invoked, the runtime will wait for

the user to dismiss the window before continuing the applica-

tion code. The following code loads and displays Form1:

form1.Show()

To unload a form so that it’s no longer available, you should

use the Close method. If you use the ShowDialog method,

then you don’t need to invoke the Close method because the

user must close the window to continue. If you wish to only

hide the form from the user but keep it available, then you

should use the Hide method. A form that’s unloaded can’t

be shown again; you must instantiate it again. But a form

that’s hidden keeps its control values, and you can invoke

the Show method to display it again. The following code

demonstrates how to display a form, hide it, display it again,

and then finally unload it:

form1.Show()

form1.Hide()

form1.Show()

form1.Close() ‘Cannot use form1.Show() after this line

Accessing Data on Forms

To access controls on the same form, you can use the Me

keyword. To access controls on other forms, you need to first

specify the form variable name. The following code sets a

control value on the current form to a control value on

another form:

Dim otherForm As New Form2

otherForm.ShowDialog() ‘Waiting for user response

Me.lblUsername.Text = otherForm.txtUsername.Text
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Like the MessageBox class, forms can send data by return-

ing a dialog result. The other form will set the DialogResult

property. The following code displays a form and then uses

the dialog result to perform another action:

Dim dialogForm As New Form3

Dim result = dialogForm.ShowDialog()

If result = DialogResult.OK Then

‘Perform operation

Else

‘Cancel operation

End If

How to Add Main Menus to Forms

The MenuStrip control is used to display menus on a form.

Each item in the menu, whether it’s a menu, option, sub-

menu, or separator is a ToolStripMenuItem object. Each

ToolStripMenuItem object has the following properties:

■ Text. The displayed text for the menu item. Set the Text

property to a hyphen (-) to make the item a separator.

You can also specify access keys as covered in Assign-

ment 12.

■ Checked. Indicates whether this is a toggled menu item

or not. If this is set to True, then a check mark will be

displayed next to the item.

■ Enabled. Indicates whether the menu item is an avail-

able option. If this is set to False, then the menu item

will be grayed out and not selectable.

■ ToolTipText. The text displayed for the tooltip when the

cursor is hovering over the item. (See Assignment 12 for

more details.)

■ ShortcutKeys. The key combination to automatically

select the menu item without using the mouse. You can

use Shift, Alt, and Ctrl key combinations.
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You can type the menus in the forms designer without having

to write any code, or you can manually drag multiple controls

from the Toolbox. To practice creating menus using the

designer, you should perform the steps for Tutorial 7-5 in

your textbook.

Handle Multiple Events

To create an event handler for a menu item, you need only to

double-click on it in the designer. However, it’s not uncommon

that another control on the form already performs the same

operation. Why create two different event handlers and intro-

duce code repetition?

In the CLR event-handling system, a single procedure can

handle multiple events. You need only to specify the other

events following the Handles keyword in the event handler

procedure. For example, the following procedure will be called

when a user clicks the Save button or selects the Save option

from the menu:

Private Sub SaveDocument(ByVal sender As Object, ByVal e As EventArgs)

_

Handles btnSave.Click, mnuSave.Click

End Sub

Activity 3-1: Use Menus and Manage

Windows

1. If you’ve closed out of the “Lesson4Activity” project and

Visual Studio, then launch Visual Studio first. In the

Start Page document, click Lesson4Activity link in the

Recent Projects section.

2. If the form designer isn’t visible, then click on the

Form1.vb (Design) tab in the Document Panel.

3. Add a MenuStrip component to the form. This is located

in the Menus & Toolbars section of the Toolbox.
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4. Add two top-level menus with the text &Main and

&Browser. 

In the mnuMain menu, add the following menu items:

Type &New Window. 

Type &Close. 

5. In the mnuBrowser menu, type &Load URL.

6. (These steps require experience using the menu designer.

You can review the steps in Tutorial 7-5 in your textbook

if necessary.) Double-click on the New Window menu

item and add the following code to its event handler:

Dim newWindow As New BrowserForm

newWindow.Show()

7. Go back to the forms designer. Double-click on the Close

menu item and the following code to its event handler:

Me.Close()

8. Find the btnLoadURL_Click method. Modify the top line

of the method as follows (changes in bold): 

Private Sub btnLoadURL_Click(ByVal sender As

System.Object, 

ByVal e As System.EventArgs) Handles

btnLoadURL.Click, LoadURLToolStripMenuItem.Click

9. Save and run the program.

10. Try using the menus. What happens when you close the

first-opened window? Why? Hint: See the first section of

Assignment 3.
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Self-Check 13

1. What is the startup form?

__________________________________________________________

2. Which method displays a form modally?

__________________________________________________________

3. Which form property specifies a result when a form is displayed modally?

__________________________________________________________

4. Which control is used to display menus on a form?

__________________________________________________________

5. How can a single procedure handle multiple events?

__________________________________________________________

Check your answers with those on page 221.



Graphical User Interface
Design for Windows Forms

OVERVIEW

You now have the basic GUI skill to make the GroceryApp

project a multiple-form application. This project will assess

your understanding of using controls, menus, and handling

multiple forms.

Make sure that you follow all directions completely and verify

your results before submitting the project. Remember to

include all required components in your solution or you won’t

receive full credit.

YOUR PROJECT

In the graded project for Lesson 3, you added grocery classes

to the GroceryApp project. In this project, you’ll add a form

to allow users to add grocery items to the shopping basket.

The form will also use menus. You’ll also set the startup form

and manage the login form window. The output of this project

will be used in the next graded project.

INSTRUCTIONS

1. In Visual Studio, load the GroceryApp project that you

completed in Lesson 3.

2. Add a new form to the project named GroceryItemForm.

3. Add controls to GroceryItemForm in the following layout:

Label controls, two TextBox controls, a NumericUpDown

control, a ComboBox control, a GroupBox component, a

RichTextBox control and a Button control. 
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4. Modify the design-time properties of the form and its

controls using the following table:

5. Add the option E&xit to the Application menu.

6. Add the options A&dd and &View in the Basket menu.

7. Save your work on GroceryItemForm.vb.

8. Open the design view of LoginForm.vb.
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GroceryItemForm Text Grocery Item

Label1 (Name) lblScanNumber

Label1 Text &Scan

Label2 (Name) lblBrandName

Label2 Text &Name:

Label3 (Name) lblPrice

Label3 Text &Price:

Label4 (Name) lblAisle

Label4 Text A&isle:

GroupBox1 (Name) grpDescription

GroupBox1 Text &Description

TextBox1 (Name) txtScanNumber

TextBox1 ReadOnly True

TextBox1 TabStop False

TextBox2 (Name) txtBrandName

TextBox2 TabIndex 0

NumericUpDown1 (Name) numPrice

NumericUpDown1 DecimalPlaces 2

NumericUpDown1 TabIndex 1

ComboBox1 (Name) lstAisle

ComboBox1 Items

Bakery

CannedGood

Drinks

Deli

DryGoods

FrozenFood

Produce

ComboBox1 TabIndex 2

RichTextBox1 (Name) txtDescription

RichTextBox1 TabIndex 3

Button1 (Name) btnAddToBasket

Button1 Text A&dd to Basket

Button1 TabIndex 4



9. Select LoginForm. Set the AcceptButton and

CancelButton properties to the buttons btnLogin and

btnCancel, respectively.

10. Select txtPassword. Set the PasswordChar property to *.

11. Set the TabIndex property for the txtUsername and

txtPassword controls to 0 and 1, respectively.

12. Save these changes on LoginForm.vb.

13. Open the design view of GroceryItemForm.vb.

14. In the form’s Load event, display the login form modally.

15. In the Click event of the btnAddToBasket button, create

a GroceryItem object using the values from the controls

and add it to the basket variable. Remember the basket

variable is the GroceryBasket collection.

a. Make sure all controls except txtScanNumber con-

tain a value.

b. Set the value of the txtScanNumber control using the

following code:

txtScanNumber.Text = _

txtBrandName.Text.Substring(0, 3) & “1019”

c. Instantiate the GroceryItem class, using the control

values.

d. Use the following expression to set the Aisle property

[Enum].Parse(GetType(Aisle), lstAisle.Text)

This expression converts the text into an Aisle

enumeration.

e. Add the GroceryItem object to the basket variable.

f. Make sure to clear the content of all controls.

16. In the Click event of the Exit menu item, end the appli-

cation.

17. Have the btnAddToBasket_Click method handle the

Click event of AddToolStripMenuItem as well.

18. In the Click event of the View menu item, display all of

the items in the basket variable in an informational mes-

sage box. You need only display the Aisle, ScanNumber,

and BrandName properties. See Assignment 9 for help.
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19. Set GroceryItemForm as the startup form.

20. Save and run the application. Verify that all controls and

menus work correctly. You must provide a valid user-

name and password to access the main form.

21. Make sure to test your work fully before submitting your

project.

Note: If you close the Login form, you don’t need to perform

the login process. This is by design, so that you can test the

application without logging on.

SUBMISSION GUIDELINES

To submit your project, you must provide the following three

files:

■ LoginForm.Designer.vb

■ GroceryItemForm.vb

■ GroceryItemForm.Designer.vb

To find these files, you should go to directory where you

saved the GroceryApp project. To determine this path,

click on GroceryApp in the Solution Explorer panel. Copy

the value for the Project Folder property in the Properties

panel. In Windows Explorer, paste the file path and 

press the Enter key. Copy the LoginForm.Designer.vb,

GroceryItemForm.vb, and GroceryItemForm.Designer.vb

files to your desktop or any other temporary location.

Use the following procedure to submit your project online:

1. Log in to view your student homepage and go to the

My Courses page.

2. Click on Take Exam next to the lesson you’re working on.

3. Attach your files as follows:

a. Click on the Browse box.

b. Locate the file you wish to attach.

c. Double-click on the file.

d. Click Upload File.
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e. If you have more than one file to attach, repeat 

steps a–d for each file.

4. Enter your e-mail address in the box provided. 

(Note: Your e-mail address is required for online 

submissions.)

5. If you wish to include comments about this project to

your instructor, enter your comments in the Message

box.

6. Click on Submit Files.

GRADING CRITERIA

Remember to follow directions and follow good OOP princi-

ples as described in the study guide.

Your project will be graded using the following rubric:

■ The GroceryItemForm contains 

the required controls and layout. 140 points

■ The GroceryItemForm contains 

the required application logic. 120 points

■ The LoginForm has been 

modified correctly. 110 points

■ All source code files are included. 130 points

TOTAL 100 points
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File, Printing, and
Database Access in
Windows Forms

INTRODUCTION

Up to this point, you’ve created programs that perform tasks

and calculations but don’t store their results. The program

forgets what the user did before. It’s as if you’ve a new co-

worker that each day you must train again as if it was the

first. 

Storing data allows users to continue their work where they

left off. You can store data electronically in a local file or in a

centralized location like a database or physically on sheets of

paper. In this study guide, you’ll learn about how to use files

and databases and how to provide printing functionality in

your programs.

OBJECTIVES

When you complete this lesson, you’ll be able to 

■ Explain the basic concepts and terminology of I/O 

operation

■ Write application content to a file

■ Read application content from a file

■ Use dialog windows for opening, saving, and printing

application content

■ Explain the basic concepts and terminology of relational

databases

■ Use SQL to retrieve data from a database

■ Use data classes and data-binding controls to display

data in a Windows form
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ASSIGNMENT 14: HANDLE FILES
AND PRINTING IN WINDOWS
APPLICATIONS

Read Assignment 14 in this study guide. Then, read

pages 541–580 in your textbook.

This assignment introduces the input/output concepts and

related Visual Basic syntax. After reading this assignment

and the pages in your textbook for more examples and fur-

ther review, complete the steps in Tutorial 9.1, 9.2, 9.4, and

9.5 to verify that you understand and know how to apply the

material.

Recall that memory can be either persistent or volatile.

Persistent storage is maintained even when the computer is

turned off, while volatile memory is temporary and requires

constant voltage. For a program to store data between user

sessions, you must use persistent storage such as a file or

database. The two most common strategies for persistent

data are saving to an electronic file or printing a hard copy.

Input/Output Operations

Input/output (I/O) operations involve moving data from one

place to another, such as reading user input from the screen

or downloading a file over the network. I/O operations use

types of objects known as streams to move data. A stream is

a sequential flow of data in one direction between two speci-

fied locations (Figure 48). Data in a stream can be in bytes,

characters, or chunks of characters. When writing data to a

destination, you would use an output stream. When reading

data from a source, you would use an input stream. You can

also use an error stream to log error messages in a separate

location.

All streams share common characteristics, despite their dif-

ferent sources and destinations. To read data from an input

stream, you would use a read method (such as Read or

ReadByte). To write data to an output stream, you would use
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a write method (such as Write or WriteByte). When some-

thing has been read or written in a stream, the next section

of data becomes available. The property Position specifies the

current location within the stream. To move the current loca-

tion without reading or writing, you use the Seek method.

Because you can’t move backwards in stream, some streams

provide the Peek method to look ahead without moving the

current position. Streams that write information to memory

first before writing data to the underlying stream are known

as buffered. To write the data from the memory buffer to the

stream’s destination, you must call the Flush method. When

you are finished using a stream, you should close it using

the Close method.

By default, stream classes only support reading and writing

data in bytes. To read and write groups of characters, you

should use reader and writer classes. These classes simplify

I/O operations by handling data as strings, rather than

bytes. Also, these classes are buffered to provide better per-

formance. A reader class uses an input stream to read

strings, while a writer class uses an output stream to write

strings. The reader class supports methods like ReadBlock,

ReadLine, and ReadToEnd. The writer class supports the

WriteLine method.

FIGURE 48—Stream in I/O Operations
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Reader and writer classes actually convert the bytes used in

stream objects. This process is known as stream wrapping.

The following code demonstrates wrapping a FileStream

object with a StreamWriter object:

Dim sFile As New FileStream(“C:\testing.txt”,

FileMode.Create)

Dim wFile As New StreamWriter(sFile)

wFile.WriteLine(“Hello, World!”)

wFile.Close() ‘Also closes the FileStream

Common Classes for Handling the File

System

When using I/O classes, you’ll need to reference the

System.IO namespace. So you can abbreviate your code, it’s

recommended that you use the following Imports statement

at the top of your code files:

Imports System.IO

The .NET class library provides the following classes for han-

dling the file system:

■ File and FileInfo. To access file content and properties,

such as size and last-modified date.

■ Directory and DirectoryInfo. To access folders and

their properties.

■ Path. To create file paths without manually typing in

path symbols.

■ FileStream. To read or write file contents.

The File class provides many helpful methods such as

Create, Delete, Copy, Move, and Open. Before opening a

file, it’s a good practice to verify it exists by using the Exists

method. The Directory class provides similar methods such

as CreateDirectory, Delete, and Move. The FileInfo and

DirectoryInfo classes are used to read or modify properties

on existing files and directories.



Lesson 5 171

Opening a File

The way you open a file determines the stream type and its

capabilities. The Open method on the File class accepts a file

path as well as enumeration values from FileMode and

FileAccess. The FileMode enumeration indicates how the file

will be opened, while the FileAccess enumeration specifies

read/write access. For example, the following code opens a

file for read-only access:

File.Open(“README.txt”, FileMode.Open, FileAccess.Read)

The FileMode enumeration supports the following values:

■ CreateNew. This is a new file and no existing file should

be available.

■ Create. This is a new file and if it does exist, it will be

overwritten.

■ Open. This is an existing file that should be opened 

normally.

■ OpenOrCreate. This is an existing file, or a file that

should be created if it doesn’t exist.

■ Truncate. This is an existing file which will be 

overwritten.

■ Append. This is an existing file which will have content

written at the end of the file.

The FileAccess enumeration contains only the values Read,

Write, and ReadWrite. The value ReadWrite allows you to

use the same stream for reading and writing data in the file.

There are also specialized open methods available in the File

class. To open an existing file with read-only access (equiva-

lent to the previous code example), you can use this code:

File.OpenRead(“README.txt”)

On page 543, your textbook demonstrates how to use the

CreateText method and on page 544, how to use the

AppendText method. 



Visual Basic172

Writing and Reading Data

The Open method on the File class returns a FileStream

object. You can either use this object directly or wrap it in a

stream reader or writer object. The following code writes

employee data to a new file using the StreamWriter class:

Dim sFile As FileStream = File.Open(“employee.txt,

FileMode.Create, FileAccess.Write)

Dim wFile As New StreamWriter(sFile)

wFile.WriteLine(“Employees Information”)

wFile.WriteLine(“Name: “ & employee.Name)

wFile.WriteLine(“Salary: “ & employee.Salary)

wFile.Close()

You can read data in a variety of ways with the

StreamReader class. If you aren’t going to parse the data

and simply want to retrieve the entire file’s contents, then

you can use the ReadToEnd method. To read line-by-line or

character-by-character, you can use the ReadLine and Read

methods, respectively. You can even read by chunks using

the ReadBlock method.

The only issue with reading parts of a file at a time is that

you must detect the end of the file. The Peek method returns

the next character in a file without moving the current posi-

tion. If there are no more characters available, then the Peek

method returns the value –1. So, you know that you have

reached the last character in the file if the Peek method

returns –1.

The following code reads the contents of an existing file line-

by-line using the StreamReader class:

Dim strContents As String = “”

Dim sFile As FileStream = File.Open( _

“employee.txt”, FileMode.Open, FileAccess.Read)

Dim rFile As New StreamReader(sFile)

Do Until rFile.Peek() = -1

strContents &= rFile.ReadLine()

Loop

rFile.Close()
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Built-in Dialog Windows for Files

Having the user select a file to open or location to save a file

would require quite a bit of work. You would need to create a

Windows form, add the appropriate controls, and write the

code to display files and locations. Luckily, common UI tasks

like this one are already provided by using built-in dialog

controls. Of course, the other reason to use built-in dialog

controls is to offer a consistent user experience across 

applications.

You can use the OpenFileDialog control to display a dialog

window for a user to choose a file to open. To allow the

user to choose a location to save a file, you can use the

SaveFileDialog control to display a dialog window. These two

controls are found on the Dialogs section of the Toolbox.

To use a dialog control, you need only add it to the form that

will use it, set any required properties, and then call the

ShowDialog method to display it to the user. The FileName

property will retrieve the file location that the user chose.

The following code demonstrates how to display the

OpenFileDialog control and retrieve its result:

openDialog.ShowDialog()

Dim strFile As String = openDialog.FileName

You can also customize file dialog controls using other prop-

erties. Pages 563–564 in your textbook describe how to use

the Filter, InitialDirectory, and Title properties.

Activity 1-1: Write and Read Data with

a File

1. To launch Visual Studio, click on the Start Menu and

click the All Programs section. Choose Microsoft Visual

Basic 2010 Express in the Microsoft Visual Studio

2010 Express folder.

2. In the File menu, choose New Project. You can also

click on the New Project link in the Start Page.
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3. Choose the Windows Forms Application project in the

New Project dialog. Name the project Lesson5Activity1

and click the OK button.

4. Click on a blank space of Form1. In the Properties

panel, set the following properties:

a. Set the (Name) property to TextForm.

b. Set the Text property to Text Form.

c. Set the Size to 400, 300.

d. Hit the Enter key to update the form.

5. Add a RichTextBox control to the form. Click and drag

the RichTextBox control from the Toolbox to a blank

area of the form.

6. Select the RichTextBox control on the form. In the

Properties panel, set the following properties:

a. Set the (Name) property to txtDocument.

b. Set the Dock property to Fill.

7. Add a MenuStrip component to the form. This is located

in the Menus & Toolbars section of the Toolbox.

8. Add one top-level menu with the text &Document.

9. In the Document menu, add the following menu items:

a. Type &Load.

b. Type &Save.

10. Add the OpenFileDialog component to the form. This is

located in the Dialogs section of the Toolbox.

11. Select the OpenFileDialog component in the designer

and set the (Name) property to openDialog. Set the

FileName property to saved_text.txt.

12. Add the SaveFileDialog component to the form. This is

located in the Dialogs section of the Toolbox.

13. Select the SaveFileDialog component in the designer

and set the (Name) property to saveDialog.
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14. Double-click on the Save menu item and the following

code to its event handler:

If saveDialog.ShowDialog() = DialogResult.OK Then

Dim fileName As String = saveDialog.FileName

Dim sFile As New System.IO.FileStream(fileName,

System.IO.FileMode.Create)

Dim wFile As New System.IO.StreamWriter(sFile)

wFile.Write(txtDocument.Text)

wFile.Close()

End If

Note: You can add the Imports System.IO statement at

the top of the code editor to avoid typing System.IO in

the rest of the code.

15. Read the file-writing code carefully and make sure you

understand how it works.

16. Go back to the forms designer. Double-click on the Load

menu item and the following code to its event handler:

If openDialog.ShowDialog() = DialogResult.OK Then

Dim fileName As String = openDialog.FileName

Dim sFile As New System.IO.FileStream(fileName,

System.IO.FileMode.Open)

Dim rFile As New System.IO.StreamReader(sFile)

txtDocument.Text = rFile.ReadToEnd()

rFile.Close()

End If

Note that you can add the Imports System.IO statement

at the top of the code editor to avoid typing System.IO in

the rest of the code.

17. Read the file-reading code carefully and make sure you

understand how it works.

18. Save and run the program.

19. Type in some text in the RichTextBox control and save

it using the menu.

20. Close out of the program.

21. Run the program again and use the menu to load the

file.

22. Try saving and opening other text files.
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Other Data Formats and Serialization

Using the StreamWriter class, you can create only basic text

files with manual formatting. The class library provides many

specialized classes to support common formatting schemes.

You can even use a handy mechanism for storing an object

state in files.

What if you wanted to write some code to a file? You would

need to worry about manual spacing! The

IndentedTextWriter class provides automatic tabbing sup-

port to make this task easier. The following code uses the

IndentedTextWriter class to write some sample code to a

file:

Dim sFile As FileStream = File.Open(“example_code.vb”, _

FileMode.OpenOrCreate, FileAccess.Write)

Dim wFile As New IndentedTextWriter(New StreamWriter(sFile))

wFile.Indent = 0 ‘Set the indent level (no indent)

wFile.WriteLine(“Module ConsoleModule”)

wFile.Indent = 1 ‘Set the indent level (one tab)

wFile.WriteLine(“Sub Main()”)

wFile.Indent = 2 ‘Sets the indent level (two tabs)

wFile.WriteLine(“Console.Write(“”Hello,World”“)”)

wFile.WriteLine(“Console.ReadLine()”)

wFile.Indent = 1 ‘Set the indent level (one tab)

wFile.WriteLine(“End Sub”)

wFile.Indent = 0 ‘Set the indent level (no indent)

wFile.WriteLine(“End Module”)

wFile.Close()

If you wanted to write a Web page, you could use the

HtmlTextWriter class. You’ll find there are many specialized

writer classes already available without having to create your

own formatting scheme.

Object serialization is another important built-in formatting

scheme. Serialization is the process of taking an object state

stored in memory and storing it for transmission in a stream.

You could use serialization to store the object data in a file or

send it across a network. You can persist files using binary

code which can only be read by programs in the .NET frame-

work or by using a human-readable format known as

extensible markup language (XML). XML stores both data and
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descriptors about that data in a hierarchical structure. The

following is an example of a message document that would

use XML:

<message type=”important”>

<to>Tim Berners-Lee</to>

<from>World</from>

<subject>Thank you!</subject>

<body>

Thank you for inventing the <reference>World Wide

Web</reference>.

We all enjoy it <strong>very much</strong>!

</body>

</message>

The text in the angle brackets <> are tags. Tags describe the

information they surround. You can use the XmlSerializer

class to write object attributes in the same way. First, you

should create the FileStream class as before. Then, specify

the object’s class type when instantiating the XmlSerializer

class. Finally, use the Serialize method on the XmlSerializer

class to write the object’s data. The following code creates an

Employee object and then persists to an XML file using the

XmlSerializer class:

‘Create the object

Dim emp As New Employee

emp.Name = “Eric Bana”

emp.Salary = 514000.0

‘Create the file stream

Dim sFile As FileStream = File.Open(“employeeData.xml”, _

FileMode.OpenOrCreate, FileAccess.Write)

‘Serialize the object

Dim wXML As New XmlSerializer(GetType(Employee))

wXML.Serialize(sFile, emp)

sFile.Close()
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This code will generate the following XML file (some data

excluded for clarity):

<?xml version=”1.0”?>

<Employee>

<Name>Eric Bana</Name>

<Salary>514000</Salary>

</Employee>

Printing and Painting in a Windows

Form

To provide print functionality to a Windows form, you must

use the PrintDocument component. This component allows

you to create printed pages in much the same way that an

artist paints a canvas. The Print method begins the print

process, but you must handle the PrintPage event to “paint”

the page. The PrintPage event provides PrintPageEventArgs

so you can indicate the number of pages and access the

Graphics object.

You use the Graphics object to paint the page. The Graphics

object contains many different methods for creating simple

and complex shapes, and drawing lines and text. The outline

of a shape is created by using the Pen class, while the inner

fill is created by the Brush class. When drawing text, you

must also use the Brush class for its letters and the Font

class to designate how the text appears. The methods most

commonly used in printing are as follows:

■ DrawEllipse and FillEllipse. Creates a closed circular

shape with a pen or brush, respectively.

■ DrawRectangle and FillRectangle. Creates a closed

four-sided shape with a pen or brush, respectively.

■ DrawPie and FillPie. Create a portion of a circle with a

pen or brush, respectively.

■ DrawString. Writes text with a brush and specified font.
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To designate where something is painted, you must specify the

X/Y coordinates of where it will appear on the screen. The top-

left corner is 0,0, while moving to the left increases the X value

and moving down increases the Y value (Figure 49).

Take the following painting method:

Private Sub DrawSmileyFace(ByVal g As Graphics)

Dim welcomeFont As New Font(“Arial”, 18, FontStyle.Bold)

Dim welcomeText As String = “Have a nice day.”

Dim fontBrush As New SolidBrush(Color.Red)

Dim rect As New Rectangle(100, 100, 200, 200)

Dim pen As New Pen(Color.Black, 5)

Dim brush As New LinearGradientBrush(rect, Color.Yellow, _

Color.White, LinearGradientMode.Vertical)

g.FillEllipse(brush, rect)

g.FillEllipse(Brushes.Black, 150, 150, 25, 25)

g.FillEllipse(Brushes.Black, 225, 150, 25, 25)

g.DrawArc(pen, 150, 180, 100, 75, 180, -180)

g.DrawEllipse(pen, rect)

Dim textSize As SizeF = _

g.MeasureString(welcomeText, welcomeFont)

g.DrawString(welcomeText, welcomeFont, fontBrush, _

CSng(rect.Left + rect.Width / 2) - textSize.Width / 2,

rect.Bottom + 25)

End Sub

This code will generate the graphic in

Figure 50.

FIGURE 49—X/Y Coordinates FIGURE 50—Graphic Code Output
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Built-in Dialog Windows for Printing 

Just as Visual Studio provides dialog windows for opening

and saving files, you can also use built-in dialog windows for

printing. To give the user control over the printing process,

you have the following dialog windows found under the

Printing section of the Toolbox:

■ PageSetupDialog. Displays page setup settings such as

margins and paper orientation.

n PrintPreviewDialog. Displays the document as it will

appear in a printed copy.

■ PrintDialog. Displays printer-specific settings such as

number of copies and color settings.

In the next activity, you’ll use the PrintPreviewDialog to

view the document without actually printing it.

Activity 1-2: Print Data from a Windows

Form

1. If you’ve closed out of the “Lesson5Activity1” project and

Visual Studio, then launch Visual Studio first. In the

Start Page document, click Lesson5Activity1link in the

Recent Projects section.

2. If the form designer isn’t visible, then click on the

Form1.vb (Design) tab in the Document Panel.

3. Add the PrintDocument component to the form. This is

located in the Printing section of the Toolbox.

4. Select the PrintDocument1 component in the designer

and set the (Name) property to printDocument. 

5. Add the PrintPreviewDialog component to the form.

This is located in the Printing section of the Toolbox.

6. Select the PrintPreviewDialog1 component in the

designer. Set the following properties in the Properties

panel:

7. Set the (Name) property to printDialog. 

8. Set the Document property to printDocument.
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9. Double-click the printDocument component in the

designer. This will generate the event handler for the

PrintPage event.

10. In the event handler for the PrintPage event, add the 

following code:

‘Get Graphics object first

Dim g As Graphics = e.Graphics

Dim normalFont As New Font(“Arial”, 32)

Dim text As String = txtDocument.Text

‘Measure the size of the printed text

Dim textSize As SizeF = g.MeasureString(text,

normalFont)

‘Create rectange for text

g.FillRectangle(Brushes.LightYellow, 0, 0,

textSize.Width, textSize.Height)

g.DrawRectangle(Pens.Red, 0, 0, textSize.Width,

textSize.Height)

‘Write the text in the center of the page

g.DrawString(text, normalFont, Brushes.Black,0, 0)

11. Read the code carefully. Do you have a mental picture of

how this will be printed?

12. In the Document menu, add the menu item &Print

Preview.

13. Double-click the Print Preview menu item in the

Document menu and add the following code to the event

handler:

printDialog.ShowDialog()

14. The PrintPreviewDialog will actually call the PrintPage

method on the PrintDocument object to generate the

preview.

15. Save and run the program.

16. Type some text in the RichTextBox control or load an

existing file from the previous activity. Click on the Print

Preview menu to see how it will look printed.
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ASSIGNMENT 15: ACCESS DATA-
BASES IN WINDOWS
APPLICATIONS

Read Assignment 15 in this study guide. Then, read 

pages 597–662 in your textbook.

Rather than using simple text files to store program informa-

tion, you can use databases. Databases organize information

in terms of columns and rows. A column contains information

on a single type of data such as a name or sales total, while a

row contains all of the data for a single thing such as an

Self-Check 14

1. What is a stream in I/O operations?

__________________________________________________________

2. Which property indicates the current location in a stream?

__________________________________________________________

3. Which class is used to read or write file contents?

__________________________________________________________

4. What is the difference between stream classes and reader/writer classes?

__________________________________________________________

5. Which component should you add to a Windows form to enable printing? Which event actually

contains the printing process?

__________________________________________________________

Check your answers with those on page 221.
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employee or sales month. Although you may have used data-

bases such as Microsoft Excel, this assignment focuses on

more complex databases such as Microsoft SQL Server.

This assignment introduces relational database concepts,

data classes, and data-bound controls. It’s recommended

that you read through this assignment the pages in your

textbook for more examples and further review, before

answering the “Checkpoint” questions for sections 10.2 and

10.3. Finally, complete the steps in Tutorial 10-1 and 10-2

to verify that you understand the material.

This course will use Microsoft SQL Server 2008 Express. To

follow the example code, you should download the pubs data-

base from the following Microsoft location:

http://archive.msdn.microsoft.com/northwind/Release/ProjectRe

leases.aspx?ReleaseId=1401

The example code assumes you’ve installed the database file

PUBS.MDF into the C:\Databases directory on your machine.

All other MDF files should be installed in the same location.

Flat-File Databases

If you are familiar with Microsoft Excel, then you have experi-

ence with a popular flat-file database. A flat-file database

represents data in a single table where each row is a record

and each column in that row contains a single data field.

Figure 51 demonstrates a table that contains titles from a

publishing firm. 

FIGURE 51—Flat-File Database
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Although applications that use flat-file databases can be very

sophisticated and offer a wealth of formatting options, the

data itself is usually stored as comma-separated values (CSV)

in a text file. The flat-file database in Figure 51 is actually

stored as follows:

TitleID,Title,Type,Price,AuthorSSN,LastName,FirstName,Contract

BU1032,The Busy Executive’s Database Guide,business

,19.99,172-32-1176,White,Johnson,Yes

BU1111,Cooking with Computers: Surreptitious Balance Sheets,busi-

ness ,11.95,172-32-1177,White,Johnson,Yes

BU2075,You Can Combat Computer Stress!,business ,2.99,172-32-

1178,White,Johnson,Yes

BU7832,Straight Talk About Computers,business ,19.99,172-32-

1179,White,Johnson,Yes

MC3021,The Gourmet Microwave,mod_cook ,2.99,341-22-

1782,Smith,Meander,No

PS3333,Prolonged Data Deprivation: Four Case Studies,psychology

,19.99,712-45-1867,del Castillo,Innes,No

PS7777,Emotional Security: A New Algorithm,psychology ,7.99,722-

51-5454,DeFrance,Michel,No

Flat-file databases are easy to understand, but they present

some serious issues handling large amounts of data. When

using a database, you’re likely to perform the following opera-

tions:

■ Select. Retrieve value(s) from row(s) in a database.

■ Insert. Add a new row(s) to the database.

■ Update. Modify value(s) in existing row(s) of a database.

■ Delete. Remove existing row(s) from the database.

Because a flat-file database uses only a few tables for all

data, these operations can create data problems known as

anomalies. For example, if you wanted to update the LastName

field for the author Johnson White, you would need to update

every single instance of that author. In this database, that

would require four update operation for a single value

because the value is repeated four times in the database.

Similar anomalies exist for insert and delete operations. As

long as the title and author information are stored together in

the same table, you’ll have anomalies.
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Another issue is data integrity. Data integrity refers to the

validity of stored values. Because a flat-file database stores

values as simple text, it’s possible for a user to enter invalid

data. Non-numeric values can be stored in data fields

intended for numbers. Text values like phone numbers and

serial numbers can be formatted incorrectly.

Relational Databases

Relational databases resolve these issues associated with

flat-file database by using a complex storage mechanism

known as a relational database management system

(RDBMS). A RDBMS stores data using multiple tables that

relate to each other. In a RDBMS, each table should repre-

sent information on a single type of object known as an entity

and each column is restricted to a single data type. 

The process of making a flat-file database more like a rela-

tional database is known as normalization. If you look at the

table in Figure 51, you’ll notice that it actually contains data

on two different entities: titles and authors. So, these two

entities should be stored in separate tables. Because authors

have titles and titles are written by authors, a relationship

between the two tables should exist. A RDBMS would depict

these two tables in a diagram similar to Figure 52.

FIGURE 52—Related Tables
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The key icon in the diagram represents a unique identifier for

each entity known as a primary key. For the titles table, it’s

the TitleID field, while the SSN field is the primary key for the

authors table. So each record in the titles table is associated

with the related record in the authors table, the AuthorSSN

field references the value in the SSN field of the authors

table. This is known as a foreign key.

If you look closely at Figure 51, you’ll notice there are seven

titles, but only four authors. In a flat-file database, repeating

data fields is required. But in the new relational model

depicted in Figure 52, the authors table will have only four

records. If you want to update the LastName field for the

author Johnson White, you’ll need to only update a single

record in the authors table and all titles that link to that

author will be automatically updated.

Finally, a RDMBS provides data integrity by ensuring that

values stored in data fields match the required data type and

formatting requirements. Data types supported by Microsoft

SQL Server and their related Visual Basic data types are

shown in Table 10-3 on page 600 of your textbook. The

structure of tables, relationships, and columns is known as

a database schema. The database schema describes how the

data is stored but not the data itself.

Connecting to a Database

To connect to a database and retrieve data, you must use

what is known as a data provider. A data provider is a group

of specialized classes and structures for a particular type of

database. To handle databases in Microsoft SQL Server 2008

Express, you’ll use the SqlClient data provider. If you were to

handle a Microsoft Access 2010 database, you would use the

OLE DB data provider.

Although the exact syntax will differ depending on the data

provider, you must specify a connection string to establish

a database connection. A connection string contains

name/value pairs that indicate the name and location of 

the database and other specifics of the connection, including
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security and memory usage settings. The following is an

example of the connection string for the SQL Server database

pubs:

Data Source=.\SQLEXPRESS;AttachDbFilename=C:\Databases\PUBS.MDF

Rather than creating a connection string

manually, you can use the Database

Explorer panel in Visual Studio to generate

the connection (Figure 53).

The Database Explorer panel provides a

database connection wizard to create the

connection for you. You can also use the

Database Explorer panel to modify the

database and run queries to retrieve

records. In the next activity, you’ll use the

Database Explorer panel to create a data-

base connection.

Activity 2-1: Create a

Database Connection

1. To launch Visual Studio, click on the Start Menu and

click the All Programs section. Choose Microsoft Visual

Basic 2010 Express in the Microsoft Visual Studio

2010 Express folder.

2. In the File menu, choose New Project. You can also

click on the New Project link in the Start Page.

3. Choose the Windows Forms Application project in the

New Project dialog.

4. Name the project Lesson5Activity2 and click the OK

button. If you can’t locate the Database Explorer panel,

then choose Database Explorer in the View > Other

Windows menu.

5. In the Database Explorer panel toolbar, choose the

Connect to Database button.

6. In the Select Data Source dialog, choose the Microsoft

SQL Server Database File option and click the OK

button.

FIGURE 53—The Database Explorer Panel
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7. In the Add Connection dialog, click the Browse... button

and choose the C:\Databases\PUBS.MDF file.

8. Click the Test Connection button to verify SQL Server

Express can load the database file.

9. Save the project. You’ll use this database connection in

Activity 2-2 of this lesson.

Structured Query Language

As described in Assignment 1, Structured Query Language

(SQL) is a fourth-generation programming language for man-

aging the schema and data in databases. Although different

RDBMSs offer additional features, SQL code is written the

same way no matter which type of database you use. Like

Visual Basic, SQL isn’t case sensitive and uses natural

human syntax. Unlike Visual Basic, SQL isn’t line-specific

and can use the semicolon character (;) as a line terminator.

This section will focus on a subset of SQL known as data

manipulation language (DML). DML provides commands to

select, insert, update, and delete data. To retrieve data using

SQL, you use the SELECT command with the following 

syntax:

SELECT dataColumn(s) FROM table(s)

[WHERE condition] [ORDER BY dataColumn(s)]

You can use the asterisk character (*) to retrieve values for

all data columns rather than naming each one individually.

The following code will retrieve the first and last name of

every record in the authors table:

SELECT au_fname, au_lname FROM authors

By default, the results are displayed in the order they’re

stored in the database, not alphabetically or numerically. To

specify another order, you can use the ORDER BY clause as

follows:

SELECT au_fname, au_lname FROM authors

ORDER BY au_lname
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The WHERE clause allows you filter the returned records

using conditions. The following code will retrieve the first and

last name only of authors that live in California:

SELECT au_fname, au_lname FROM authors

WHERE state = ‘CA’

Notice that strings in SQL are surround by single quotes (‘).

To check for similarity rather than an exact value, you can

use the LIKE keyword. The following code will retrieve those

authors whose last name begins with the letter S:

SELECT au_fname, au_lname FROM authors

WHERE au_lname LIKE ‘S%’

The percent character (%) is a wildcard indicating the rest of

the string. A wildcard is a character that acts as a place-

holder for unknown values. SQL also supports a variety of

functions and calculations. The following code will return the

name, price, and royalty amount for each title that has sold:

SELECT title, price, ROUND(price * royalty / 100, 2) AS royalty_amount

FROM titles WHERE ytd_sales > 0

The ROUND function returns a number rounded to the near-

est decimal place. The AS keyword allows you to name a

column in the returned results.

Because relational databases divide related data into separate

tables, you must specify multiple tables to get large sections

of information. To ensure that only related information is

retrieved, you would specify the foreign and primary keys in

the WHERE clause. The following code retrieves the sales

information for each store:

SELECT * FROM sales, stores WHERE sales.stor_id = stores.stor_id

Note that as you try this query using the Database Explorer

panel, it will rewrite it using more efficient, but also more

complex syntax. The code above, however, conveys the gen-

eral concept.

To insert new records in a table, you would use the INSERT

command. For modifying or deleting existing records, you

would use the UPDATE and DELETE commands, 

respectively.
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Using Data Provider Classes

When accessing data with the SqlClient data provider, the 

following classes are involved:

■ SqlConnection. Opens connection to a specific database.

■ SqlCommand. SQL statement or stored procedure to

execute.

■ SqlDataReader. Forward-only stream of records

returned by a SqlCommand object.

■ DataSet. The application’s copy of records. It also con-

tains tables and relationships.

■ TableAdapter. Synchronizes data in the DataSet with

the actual database.

To open a connection to a SQL Server database, you should

call the Open method in the SqlConnection class. You then

use the SqlCommand class to execute SQL statements. To

read the results, you call the ExecuteReader method and

use the SqlDataReader class to iterate through the returned

records. The SqlDataReader class provides the Read method

to move to the next record and the GetXXX methods to

retrieve data fields. When the work is complete, you should

call the Close method to close the database connection. The

following code demonstrates these steps:

Dim conString = _

“Data Source=.\SQLEXPRESS;AttachDbFilename=C:\Databases\PUBS.MDF;” & _

“Integrated Security=true;User Instance=True”

Dim sqlString = “SELECT * FROM titles”

Dim connection As New SqlConnection(conString)

Dim command As New SqlCommand(sqlString, connection)

connection.Open()

Dim reader As SqlDataReader = command.ExecuteReader()

While reader.Read()

‘Outputs the first and second columns

Console.WriteLine(reader.GetString(0) & “: “ & reader.GetString(1))

End While

connection.Close()



Lesson 5 191

While you can write code like this to access a database,

Visual Studio writes most of the data access code for you.

You can use the Data Sources panel to create and display

the available data sources for a project. Pages 615–616

describe the Data Sources panel in more detail.

To display data in a Windows application, you can’t always

be connected to the database. That’s why Visual Studio uses

the DataSet class when writing the code. Think of a DataSet

as the application’s copy of the data and schema of the data-

base. Figure 54 demonstrates the DataSet for some tables in

the pubs database.

FIGURE 54—DataSet for pubs Database
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The DataSet class allows the user to perform database oper-

ations in the application without having to stay connected to

the database. The TableAdapter class populates the DataSet

from the database using the Fill method and then updates

the database with changes using the Update method. 

Using Data-Bound Controls

To view data on a Windows form, you use what’s called data-

binding. Data-binding uses a data source such as a database

to provide values for control properties. Most existing controls

support some level of data-binding. The DataSource property

identifies a specific table in the DataSet, while the

DisplayMember property indicates which data column to dis-

play. To handle synchronization between data-bound

controls, Windows forms use an intermediate controller

known as the binding source. To control record navigation,

the form uses the BindingNavigator component.

Although you could use simple controls like TextBox and

ListBox, the DataGridView is a specialized control, specifi-

cally intended for handling tabular data on a form. The

DataGridView control supports data filters, sorting, and

modifications. You may find this control difficult to cus-

tomize, but this control provides the most functionality

out-of-the-box. In Activity 2-2, you’ll use the DataGridView

control to display data.

Activity 2-2: Retrieve Data and Display

on a Windows Form

1. If you’ve closed out of the “Lesson5Activity2” project and

Visual Studio, then launch Visual Studio first. In the

Start Page document, click Lesson5Activity2 link in

the Recent Projects section.

2. If you can’t locate the Database Explorer panel, then

choose Database Explorer in the View > Other

Windows menu.
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3. Expand the PUBS.MDF node in the

Database Explorer panel and then expand

the node for the Tables folder (Figure 55).

4. Add a new DataSet named

PubsDataSet.xsd to the project. Right-click

Lesson5Activity2 in Solution Explorer

and choose the Add > New Item... option.

Type PubsDataSet.xsd in the Name

textbox.

5. Click and drag the titles table from the

Database Explorer panel to the dataset

designer. 

6. Click No in the dialog box that appears

(Figure 56). 

Note: A copy of the titles table has been

added to the PubsDataSet. The titles table

includes the titlesTableAdapter for retriev-

ing and updating the database.

7. Save and close the PubsDataSet.xsd file.

8. If the form designer isn’t visible, then click

on the Form1.vb (Design) tab in the

Document Panel.

9. Click on a blank space of Form1. In the

Properties panel, set the following 

properties:

a. Set the (Name) property to TitleForm.

b. Set the Text property to Title Form.

c. Set the Size to 800, 300.

d. Hit the Enter key to update the form.

FIGURE 55—Tables Folder in Database

Explorer
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10. Add the DataGridView control to the form. When it’s

added, the following task panel should appear immedi-

ately to the right (Figure 57). You can click the top-right

arrow button to display the DataGridView Tasks panel if

it goes away.

11. In the Choose Data Source drop-down list, choose the

titles table. Expand the Other Data Sources > Project

Data Sources > PubsDataSet and then choose the table

titles (Figure 58).

FIGURE 56—When prompted, click No to copying the file to your project.

FIGURE 57—DataGridView

Tasks
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Notice how this setting generates all of

the other required components on the

form. Besides adding the PubsDataSet

and TitlesTableAdapter to the form,

the designer also creates the

TitlesBindingSource component to

synchronize data-bound controls.

12. Select the DataGridView1 control, and

set the following properties in the

Properties panel:

a. Set the AllowUserToOrderColumns

property to True.

b. Set the Dock property to Fill.

13. Save your work and run the program.

14. Notice that you can resize column

widths and sort by column.

15. Try performing an insert, update, or delete operation. It

should be very intuitive.

Using LINQ in Visual Basic

Language Integrated Query (LINQ) is fourth-generation pro-

gramming language that provides a SQL-like syntax for

retrieving information from disparate data sources. Unlike

SQL, which works only with databases, LINQ can work on

virtually any data source, including arrays and collections.

The return type from a LINQ query automatically matches

what’s required for the data source.

A LINQ query has the following syntax:

From dataItem In dataSource

[Where condition]

Select dataField(s)

Take the following SQL statement:

SELECT * FROM titles

WHERE ytd_sales > 0

FIGURE 58—Choose Data Source Drop-Down

List
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The following LINQ query would return the same results:

From title In titles

Where title.ytd_sales > 0

Select title

But LINQ can do a whole lot more. Pages 661–662 in your

textbook describe how to retrieve values from an array using

LINQ syntax.

Self-Check 15

1. What is the primary difference between a flat-file and a relational database?

__________________________________________________________

2. What are the four database operations that applications commonly perform?

__________________________________________________________

3. What is a primary key? What is a foreign key?

__________________________________________________________

__________________________________________________________

4. You want to retrieve the Name field from all records in the Employees table where the

EmployType column is set to FullTime. Which SQL statement should you use?

__________________________________________________________

5. Which class represents the application’s copy of database records? Which class performs 

synchronization between the application copy of data and the database?

__________________________________________________________

Check your answers with those on page 222.



File, Printing, and
Database Access in
Windows Forms

OVERVIEW

Since you’ve finished reading Chapters 9 and 10 in your text-

book and completed the study guide, you understand how to

perform simple file I/O operations and access databases.

This project will assess your understanding of accessing files

and data-bound controls.

Make sure that you follow all directions completely and verify

your results before submitting the project. Remember to

include all required components in your solution or you won’t

receive full credit.

YOUR PROJECT

In the graded project for Lesson 4, you added the

GroceryItemForm to the GroceryApp project. In this project,

you’ll add functionality to save and load saved grocery basket

files. You’ll display the contents of the basket using the data-

bound control DataGridView. 

You’ll add a form to the project to display grocery items in

the basket.

This will be the last graded project based on this scenario.

You’ll be graded on the end-user functionality, so variable

names and other aspects can differ, but the application must

work as intended.

INSTRUCTIONS

1. In Visual Studio, load the GroceryApp project that you

completed in Lesson 4.

2. Add the options &Save and &Load to the Application

menu.
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3. Add the OpenFileDialog and SaveFileDialog components

to the Windows form. Name them openDialog and

saveDialog, respectively.

4. In the Click event for the Save option, prompt the user

for a file location and store the basket as a text file.

Recall that grocery items are stored in the basket vari-

able. Hint: You could use a CSV file similar to a flat-file

database. See Chapter 9 in your book for details on how

to format the text file.

5. In the Click event for the Load option, prompt the user

for a file location and load the contents of the text file

into the basket. Make sure you empty the basket first.

Hint: You could use the Split method in the String class

to break each line into individual array items. See the

MSDN Library Web page http://msdn.microsoft.com/

en-us/library/b873y76a.aspx for more information.

6. Save your work and test the program. Add some items to

the basket and save them. Then attempt to load them

again. Click on the View option in the Basket menu to

see the basket contents. You’ll modify how this menu

option works in the concluding steps.

7. Add a new form to the project named

BasketDisplayForm. Set the Text property to Basket

Contents. You should also set the Size property to 600,

300.

8. Add a DataGridView control named viewBasket. Set the

Dock property to Fill.

9. In the Load event of the BasketDisplayForm, add the

following code to display the basket contents in the

DataGridView control:

viewBasket.DataSource = basket

Notice how simple it’s to perform data-binding with data

sources other than databases.
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10. Go back to the code view of GroceryItemForm and

replace the content of the ViewToolStripMenuItem_Click

event handler. Load and display the BasketDisplayForm

modally instead. Remember you don’t have to worry

about the basket variable, because the BasketDisplayForm

handles data-binding in its Load event.

11. Save and run the application. Verify that all controls and

menus work correctly. You’ll submit the compiled appli-

cation for this project.

Note: If you close the Login form, you don’t need to per-

form the login process. This is by design, so that you can

test the application without logging on.

SUBMISSION GUIDELINES

To submit your project, you should build the project and

submit the following file:

GroceryApp.exe

To find this file, you should go to directory where you saved

the GroceryApp project. To determine this path, click on

GroceryApp in the Solution Explorer panel. Copy the

value for the Project Folder property in the Properties

panel. In Windows Explorer, paste the file path and hit the

Enter key. Then, go to the bin\Debug folder. Copy the

GroceryApp.exe file to your desktop or any other temporary

location. This EXE file is the compiled application and you

can double-click on it to run it without using Visual Studio.

Use the following procedure to submit your project online:

1. Log in to view your student homepage and go to the My

Courses page.

2. Click on Take Exam next to the lesson you’re working on.

3. Attach your files as follows:

a. Click on the Browse box.

b. Locate the file you wish to attach.

c. Double-click on the file.
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d. Click Upload File.

e. If you have more than one file to attach, repeat 

steps a–d for each file.

4. Enter your e-mail address in the box provided. 

(Note: Your e-mail address is required for online 

submissions.)

5. If you wish to include comments about this project to

your instructor, enter your comments in the Message

box.

6. Click on Submit Files.

GRADING CRITERIA

Remember to follow directions and follow good programming

principles as described in the study guide.

Your project will be graded using the following rubric:

■ The Save menu option performs 

the correct behavior. 130 points

■ The Load menu option performs 

the correct behavior. 130 points

■ The View menu option performs 

the correct behavior. 115 points

■ The BasketDisplayForm is 

laid out correctly. 115 points

■ The compiled application is 

included and runs. 110 points

TOTAL 100 points
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Final Graded Project

OVERVIEW

Now that you’ve completed the study guides and required

textbook reading, you’re ready to put together what you’ve

learned for the final project. This is a new Windows applica-

tion that’s not based on the output of any previous graded

projects. You may find it helpful to review the instructions of

previous graded projects and the completed output of the

graded project for Lesson 5.

Make sure that you follow all directions completely and verify

your results before submitting the project. Remember to

include all required components in your solution or you won’t

receive full credit.

YOUR PROJECT

You’ve been tasked to create an educational game for a fifth-

grade reading class. The game must test students’ spelling

skills using a variation of the classic game Hangman. If you’re

unfamiliar with the rules and general game play, please

consult the online reference at http://en.wikipedia.org/

wiki/Hangman_(game) for more information.

Database

The application will use the HangManDB.MDF file. The

HangManDB database contains the tables shown in 

Figure 59.

The UnitID column in the Words table is a foreign key to the

ID column in the Units table. The Word column contains the

actual word to guess, while the Description column contains

the description of words for that unit.
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User Interface

The user interface will consist of a single Windows form. The

user interface will resemble Figure 60.
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FIGURE 59—HangManDB Database Tables

FIGURE 60—Hangman

User Interface



When the application first loads, the textbox for the letter

guess should be disabled. If the New option is chosen in the

menu, then a new word and the unit description should be

loaded from the database. If the Quit option is chosen in the

menu, then the application should quit.

After each guess, one of two things should happen. If it was

a correct guess, then all occurrences of that letter should

appear in the labels at the bottom. If it’s an incorrect guess,

then the next stage of the hangman should appear in the

picture box. In either case, the textbox should highlight the

letter, so that the user can make another guess. The textbox

should not be cleared, or the user may attempt to guess the

same letter (Figure 61).
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FIGURE 61—The incorrect

guessed letters should

appear in the picture box

and remain as other incor-

rect guesses are added.



The game ends when either all letters of the

word are guessed correctly or the hangman

picture is completed. When the game is won,

a message box should display like this one

(Figure 62):

When the game is lost, the message box

should display words similar to Figure 63.

In either case, clicking the Yes button

should have the same effect as clicking the

New option in the menu and clicking the No

button should exit out of the application.

This will be the last graded project based on this scenario.

You’ll be graded on the end-user functionality, so variable

names and other aspects can differ, but the application must

work as intended.

Application Files

This application will consist of the following files in the solu-

tion explorer:

1. GameForm.vb. The only form in the application.

2. HangmanDB.MDF. The database that contains the ques-

tions and unit descriptions. See Provided Files section

below for more information.

3. Images folder. Hangman-0.png, Hangman-1.png,

Hangman-2.png, Hangman-3.png, Hangman-4.png,

Hangman-5.png, and Hangman-6.png. See “Provided

Files” section below for more information.
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FIGURE 62—You won! Do you want to play

again?

FIGURE 63—You lost. Do

you want to play again?



4. QuestionDataSet.xsd. The DataSet for the HangmanDB

database. Should contain both tables Words and Units.

Provided Files

You’ll be provided the following files:

■ The HangmanDB.MDF database

■ The images folder that contains the image files

Hangman-0.png, Hangman-1.png, Hangman-2.png,

Hangman-3.png, Hangman-4.png, Hangman-5.png,

and Hangman-6.png

You should add these files to your project as described in

step 3 in the Instructions section. 

INSTRUCTIONS

1. In Visual Studio, create a new Windows Forms project

named HangmanApp.

2. Rename the Form1.vb file to GameForm.vb.

3. Add the provide files to your project. Use the Add >

Existing Item… option in the Solution Explorer. Make

sure in the Properties panel to set the Copy To Output

property to Copy Always.

4. Create the DataSet named QuestionDataSet.xsd using

the HangmanDB.MDF file. Review Assignment 15.

5. Create the user interface for GameForm.vb. See the

User Interface section above for the layout. The form

will consist of the following controls:

a. One MenuStrip control that contains the Game menu

with the options New and Quit.

b. One Label control with the text Guess a letter.

c. One Label control with the text Choose New Game.

This label will display the unit description during the

game.

d. One TextBox control for the user type in letter

choices.
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e. A PictureBox control that will display the hangman

images. You’ll set the ImageLocation property to load

the hangman images.

f. A Panel control that will contain the displayed letter

labels.

g. Eleven Label controls, one for each letter of the word.

These labels should be in the panel. You should set

the initial value for the Text property to the under-

score character (_) to act as a placeholder character.

You can chose to set the control properties to whatever

you like, but below are some helpful suggestions. If you

don’t name the controls the same names, you’ll need to

modify some provided code in the next steps.

For a further description on how to add and layout 

controls, review Assignment 11 and Assignment 13.

6. In the code of GameForm.vb, you should define the 

following variables:

a. dsQuestions. A QuestionDataSet object
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GameForm Size: 500, 500

Label for unit description (Name): lblUnitDescription
Font.Size: 14

TextBox for letter guesses (Name): txtGuess
Font.Size: 22
MaxLength: 1

PictureBox for hangman images (Name): pboxHangman
Size: 256, 256

Panel for letter labels (Name): panelWord
Dock: Bottom

Eleven Label controls for letters Set the (Name) property for
each to lblLetter0 to
lblLetter11. The last charac-
ter(s) will match the character
index in the word.
Font.Size: 22
Text: _



b. numWord. The index of which word is being guessed.

This matches the row in the Words table that’s being

retrieved. Each game will increment this number by

one.

c. word. The actual word being guessed.

d. numWrongGuesses. Number of wrong guesses in a

game.

e. numRightGuesses. Number of right guesses in a

game.

f. gameStarted. Indicates whether the game has started

or not.

6. In the code of GameForm.vb, you should have the fol-

lowing event procedures:

a. Form Load event handler—Disable the txtGuess

textbox, set the numWord variable and call the

LoadData method (provided below).

b. Quit button Click event handler—Exit the application

c. In the New button Click event handler, perform the

following tasks:

I. Initialize all variables, especially numRightGuesses,

numWrongGuesses, gameStarted, and

numWord. Make sure to increment numWord to

the next index.

II. Initialize controls. Clear the text of all labels,

enable and set the focus to the txtGuess textbox.

III. Set controls using the DataSet. If you followed

the same names, then you can use this code:

‘Gets word column row

word = CStr(dsQuestions.Words(numWord)(1))

‘Gets unit description

lblUnitDescription.Text = _

CStr(dsQuestions.Words(numWord).UnitsRow(1))

IV. Set the label control for each character in the

word. Set the Text property to the underscore

character (_).
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d. In the txtGuess textbox TextChanged event, perform

the following tasks:

I. Check if the game is started using the

gameStarted variable.

II. Check to see if the word (word) contains the

guess (txtGuess).

III. If it does, then call the SetRightLetterLabels

method (provided below) and increment the

numRightGuesses variable.

IV. If it doesn’t, set the image in the pboxHangman

and increment the numWrongGuesses variable.

Your code should resemble the following:

pboxHangman.ImageLocation = “images\Hangman-” &

numWrongGuesses & “.png”

numWrongGuesses += 1

V. Check to see if the game has been won or lost

yet. Use the CheckProgress method. See step 7A

for how the CheckProgress method is defined.

VI. Select all of the text in the txtGuess textbox.

7. In the code of GameForm.vb, you might find it helpful to

define the following methods:

a. A method named CheckProgress that calculates the

total number of tries (numRightGuesses +

numWrongGuesses), displays the correct message box

for winning or losing, and starts the next game or

exits the application depending on the message box

button.

b. A method named WonGame that checks each letter in

the word is matched by its label and returns True if

this is the case.

c. A method named LostGame that checks to see if the

number of wrong guesses is greater than six and

returns True if this is the case.

d. A method named ResetAllLabels that sets each char-

acter label to blank text.
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8. In the code of the GameForm.vb, you might want to add

these helper methods:

Private Sub LoadData()

Dim taUnits As New

QuestionDataSetTableAdapters.UnitsTableAdapter

Dim taWords As New

QuestionDataSetTableAdapters.WordsTableAdapter

taUnits.Fill(dsQuestions.Units)

taWords.Fill(dsQuestions.Words)

End Sub

Private Function FindLabel(ByVal i As Integer) As

Control

‘Finds the right label in the Word panel

Dim label = panelWord.Controls.Find(“lblLetter” & i,

False)(0)

Return label

End Function

Private Sub SetRightLetterLabels(ByVal word As String,

ByVal ch As Char)

For i As Integer = 0 To word.Length - 1

‘Check for each letter and set the appropriate

letter

If word.Chars(i) = ch Then

FindLabel(i).Text = ch

End If

Next

End Sub

9. Save and run the application. Verify that all controls and

menus work correctly. You’ll submit the compiled appli-

cation for this project according to the submission

guidelines on that follow.
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SUBMISSION GUIDELINES

To submit your project, you should build the project and

submit the following files:

■ HangmanApp.exe

■ The HangmanDB.MDF database

■ The images folder that contains the image files

Hangman-0.png, Hangman-1.png, Hangman-2.png,

Hangman-3.png, Hangman-4.png, Hangman-5.png,

and Hangman-6.png

To find these files, you should go to directory where you

saved the HangmanApp project. To determine this path, click

on HangmanApp in the Solution Explorer panel. Copy the

value for the Project Folder property in the Properties

panel. In Windows Explorer, paste the file path and hit the

Enter key. Then, go to the bin\Debug folder. Copy the files to

your desktop or any other temporary location. The EXE file is

the compiled application and you can double-click on the file

to run the application without using Visual Studio.

Use the following procedure to submit your project online:

1. Log in to view your student homepage and go to the My

Courses page.

2. Click on Take Exam next to the lesson you’re working on.

3. Attach your files as follows:

a. Click on the Browse box.

b. Locate the file you wish to attach.

c. Double-click on the file.

d. Click Upload File.

e. If you have more than one file to attach, repeat 

steps a–d for each file.

4. Enter your e-mail address in the box provided. 

(Note: Your e-mail address is required for online 

submissions.)
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5. If you wish to include comments about this project to

your instructor, enter your comments in the Message

box.

6. Click on Submit Files.

GRADING CRITERIA

Remember to follow directions and follow good programming

principles as described in the study guide.

Your project will be graded using the following rubric:

■ The form uses the correct UI layout. 110 points

■ The New menu option performs 

the correct behavior. 110 points

■ The Exit menu option performs 

the correct behavior. 110 points

■ The questions and unit description 

load correctly. 120 points

■ The game plays correctly. 120 points

■ The game displays the correct win 

and lose message boxes. 110 points

■ The compiled application and 

content files are included. 120 points

TOTAL 100 points
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Self-Check 1

1. There are many opportunities for automation in this sce-

nario. You could use a scanning device to tally the stock

totals, a monitor component to keep track of stock, and

a reorder mechanism that handles product orders auto-

matically when needed.

2. Mapping characteristics include being able to break down

complex situations into the big picture and related com-

ponents. Mappers have a tendency to need to know the

why and how in addition to the what. Mappers also pre-

fer diagrams and plans. Packing characteristics include

being able to ignore the details of a problem and focus

on a small piece. Packers have a tendency to learn only

what’s required at the moment. Packers also prefer pro-

cedures and algorithms.

3. Although all of these complex technologies and theories

are applied when watching television, you need only to

know how a TV functions for day-to-day use. You can

use buttons on the remote, TV, or cable box to toggle the

power, change the channels, and adjust the volume.

4. A first-generation language is based on syntax that a

machine will understand, while fourth-generation 

languages are closer to a syntax that a human will

understand. A fourth-generation language can be used

by nonprogrammers, while a first-generation language

requires an intimate understanding of how a computer

works at a low-level.

5. An assembler, interpreter, and compiler are all programs

intended to translate programming language into machine

language. An assembler translates low-level instructions

into machine code for a specific CPU. An interpreter

translates scripts into application code for another appli-

cation, while a compiler translates high-level instructions

into machine code.
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Self-Check 2

1. To build, debug, and run a program, you should use the

Debug menu.

2. To get contextual help within Visual Studio, you should

use the F1 key.

3. To view all files associated with an application project,

you should use the Solution Explorer panel.

4. You should use the underscore (_) character to break a

statement into multiple lines.

5. You should use the apostrophe (‘) character for 

comments.

Self-Check 3

1. In Pascal casing, the first letter of each logical word or

abbreviation is in uppercase, while in camel casing, the

first letter of the name is in lowercase.

Examples of Pascal casing include

MyWinForm, OptionCheckbox

Examples of camel casing include

frmMyWin, chkOption

2. An application might respond to a user moving the cur-

sor across the screen, clicking a button or closing out of

a window. An application might also respond to other

computer events, like running low on hard drive space or

the network connection is lost.

3. The MessageBox class is used to display important

information to a user. Because it’s a modal dialog, the

user must close out of the dialog before continuing to

use the application.
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Self-Check 4

1. The following answers represent the best choices:

a. To track whether or not a user has logged into the

application, you should choose the Boolean data

type. The Boolean values are intended to represent

either/or choices, such as required by this situation.

b. To store the number of milliliters of an aqueous com-

pound for a chemistry experiment, you should choose

a floating-point number such as the Decimal data

type. Floating-point numbers are required to store

fractional amounts and the Decimal data type offers

the highest precision for floating-point numbers.

c. To store the phone number of a contact, you should

choose the String data type. In everyday language,

people often call a group of characters that happen to

contain digits numbers, when in reality, they are not.

For example, phone numbers, social security num-

bers, credit card numbers, etc. Because you can’t

perform an arithmetic operation on a phone number

and get a meaningful value, nor do they contain sig-

nificant digits, they are actually better suited for the

String data type.

2. When assigning a variable to another variable of the

same type, the value of the second variable is copied and

stored in the first variable. Because this operation is a

copy, any changes to either variable won’t affect the

value of the other variable.

3. You should use explicit conversion for a data type when

moving values from a larger container into a smaller one.

The conversion could result in data loss, so you must

use a CXXX function to perform the conversion.
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4. The value of var1 will be 0. According to the rules of

operation precedence, the parenthetical subtraction oper-

ation will occur first (5 – 10) and will result in the value

of –5. Next the exponent operation will occur (10 ^ 2)

and will result in the value 100. Then, the division oper-

ation will occur (1000 / 100) and will result in the value

10. The modulus operation occurs next (5 Mod 10), which

will result in the remainder 5. Finally, the addition oper-

ation will occur (–5 + 5) which will result in the value

0. Read pages 138–140 of your textbook for more details

on operation precedence.

5. $5,060.01. The value of varFormat will be a String

value formatted as currency. This means the currency

symbol ($) will be prepended, the hundreds 

Self-Check 5

1. You should place statements to run only when the condi-

tion is false in the Else portion of the If...Then...Else

statement.

2. The following answers represent the best choices:

a. For reading the contents of a file, you should use

either a Do...Until or Do...While statement. In the

Do...Until statement, you could use a Boolean value

in the condition to determine whether the end of file

has been reached or in the Do...While statement, you

could use a Boolean value in the condition to deter-

mine whether there are more characters or lines left

to read. In case the file is empty, you should use pre-

test condition.

b. For counting the number of moves it takes for a user

to solve a puzzle, you should probably use a

Do...While statement. Within the statement, whether

the puzzle is solved should be the condition and a

counter should be used to keep track of the number

of attempts. You shouldn’t use a For...Next statement

because the number of attempts won’t be known until

after the puzzle has been solved.
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c. For giving a user only three tries to guess a correct

answer, you should use a For...Next statement.

Because the number of attempts are defined, whether

the question is eventually answered correctly or not, a

For...Next statement is the best choice.

3. The two statements that allow you to control looping

inside an iterative statement are the Continue and Exit

statements. The Continue statement will skip the rest of

the remaining code and move onto the next loop. The

Exit statement will stop all looping.

Self-Check 6

1. Your answer may vary. An array is a numbered list or

group of items.

2. Zero-based indexing means that the indexing scheme

starts at zero rather than one. So, the first item in an

array is located at index 0, while the second item in an

array is located at index 1.

3. You use either the For...Next or the For Each...Next

statement. The For...Next requires you to use the index

and the Length property in the counter. The For

Each...Next statement automatically accesses each item

in the array without specifying an index or Length

property.

Self-Check 7

1. A subroutine can’t return a value, while a function can

return a value.

2. By value means that a copy of the value is passed to the

procedure and any changes to that argument’s value

won’t affect the original value. By reference means that

the value is passed to the procedure so it can make

changes to the original value. For passing an argument

by value, you should use the ByVal keyword and for

passing arguments by reference, you should use the

ByRef keyword.
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3. A module is intended to logically organize procedures,

variables, and constants into a single location for easy

access.

Self-Check 8

1. Answers can vary, but you should at least get some of

the same properties and methods:

a. A car could have attributes to describe appearance,

such as Color, Size, Make, and Model and those

that describe identity such as VIN and

LicenseNumber. Some common operations would

probably include StartUpEngine, Brake,

TurnOffEngine, Lock and Unlock.

b. A pen could have attributes to describe appearance,

such as Color, Size, PointType and Manufacturer

and those that describe identity such as

SerialNumber. Some common operations would prob-

ably include TakeOffCap, PutOnCap, and Write.

c. An oven could have attributes to describe appearance,

such as Height, Width, IsElectricRange,

IsGasRange and Manufacturer and those that

describe identity such as SerialNumber. Some com-

mon operations would probably include TurnOn,

TurnOff, OpenDoor, CloseDoor, SetTemperature,

Bake, and Broil.

2. The characteristic of derived classes inheriting attributes

and operations from their base class. The derived class

represents a specialized version of the base class.

3. When deriving a class, both design and implementation

are inherited. When implementing an interface, only

design is inherited and the class must provide its own

implementation code. A class can derive only from a

single base class, but a class can implement multiple

interfaces.
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Self-Check 9

1. Unlike the Boolean data type, an enumeration can have

more than two different values. An enumeration can be

limited to only certain choices, whereas the String data

type allows any group of characters.

2. A class is a reference type and can use inheritance,

whereas a structure is a value type and can’t use inheri-

tance. A structure is preferred when the purpose is to

group data variables together into a single unit and the

complexity of class inheritance isn’t required.

3. Unlike arrays, collections are resizable, support access-

ing items without using indexes and provide specialized

methods. In a standard collection, items are stored as

general Object values. In a generic collection, items are

stored as their original declared data types.

Self-Check 10

1. An event is a notification provided by an object. It can

also be thought of as the object’s response to an opera-

tion request.

2. First, declare an event handler. Then, register the event

handler with the object’s event.

3. You should use the WithEvents keyword to handle

events when declaring an object variable.

4. An exception is a runtime error that occurs while a pro-

gramming is running.

5. You should use the Try...Catch statement to handle an

exception.
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Self-Check 11

1. Although the control could satisfy some of these condi-

tions, a specialized control would be best.

a. You should use the RichTextBox control for free-

form, multiple-line text that contains formatting.

b. You should use the DateTimePicker control for a

valid date of birth.

c. You should use the NumericUpDown control for the

quantity of items in an order form.

2. The Enabled property indicates whether a control dis-

plays as grayed out.

3. The Location and Size properties are used in absolute

positioning.

4. The Anchor and Dock properties are used in relative

positioning.

5. You should use the form’s Load event to perform vari-

able initialization and any basic processing before

accepting user input.

Self-Check 12

1. The SelectAll method highlights all text within a

TextBox control.

2. The TabIndex property specifies the order for a control

when the TAB key is pressed.

3. The RadioButton control allows only a single choice

from available options.

4. The Items property is a collection of options in a list-

based control.

5. The following code will display the message box as

required:

MessageBox.Show(“The application will now close.”,

“Application Close”, _

MessageBoxButtons.OKCancel, MessageBoxIcon.Information)
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Self-Check 13

1. The startup form is the first form that’s loaded and dis-

played when an application starts. The startup form also

controls the application lifetime.

2. The ShowDialog method displays a form modally.

3. The DialogResult property specifies a result when a form

is displayed modally.

4. The MenuStrip control is used to display menus on a

form.

5. For a single procedure to handle multiple events, you

should specify a comma-separated list of events after the

Handles keyword.

Self-Check 14

1. In I/O operations, a stream is a sequential flow of data

in one direction between two specified locations. An out-

put stream is used to write data; an input stream is used

to read data; and an error stream is used to write error

data to another location.

2. The Position property indicates the current location in

the stream.

3. The FileStream class is used to read and write file con-

tents. You can either instantiate the FileStream class

directly or use the File class to retrieve a FileStream

object.

4. A stream class supports reading or writing data only in

bytes, while reader/writer classes can handle reading

and writing entire strings. Reader/writer classes also

provide buffering to improve performance.

5. You should add the PrintDocument component to the

Windows form to enable printing. The PrintPage event

for the PrintDocument component contains the printing

process. To begin printing, you should invoke the Print

method.
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Self-Check 15

1. A flat-file database contains only a few tables with

redundant information, while a relational database

contains more tables with little or no redundancy and

uses relationships to link them together. In a flat-file

database, the same table can contain multiple entities,

and column values aren’t checked. In a relational data-

base, each table should represent a single entity, and

each column is restricted to a single data type.

2. The four database operations that are commonly per-

formed by applications are select, insert, update, and

delete. The select operation retrieves value(s) from row(s)

in a database. The insert operation adds new row(s) to

the database. The update operation modifies value(s) in

existing row(s) of a database. The delete operation

removes existing row(s) from the database.

3. The primary key is the unique identifier for an entity or

record in a table. The foreign key is the data field that

associates a relationship with another table.

4. You should use the following SQL statement to retrieve

the Name field from all records in the Employees table

where the EmployType column is set to FullTime:

SELECT Name FROM Employees

WHERE EmployType = ‘FullTime’

5. The DataSet class represents the application’s copy of

database records. The TableAdapter class performs syn-

chronization between the DataSet and the database.
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