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Designing Databases
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Purpose of Database Design

N
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@ Structure the data in stable structures, called
normalized tables
= Not likely to change over time
= Minimal redundancy

# Develop a logical database design that
reflects actual data requirements

# Develop a logical database design from
which a physical database design can be
developed
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Purpose of Database Design
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# Translate a relational database model
iInto a technical file and database design
that balances several performance
factors

# Choose data storage technologies that
will efficiently, accurately and securely
process database activities
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Process of Database Design

N

1,

@ Logical Design

Based upon the conceptual data model
Four key steps

for the application using normalization principles

2. Combine normalized data requirements from all user

interfaces into one consolidated logical database model

Develop a logical data model for each known user interface

3. Translate the conceptual E-R data model for the application
into normalized data requirements
4. Compare the consolidated logical database design with the

translated E-R model and produce one final logical database

model for the application

<
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Process of Database Design

N

@ Physical Design
s Based upon results of logical database design

= Key decisions

1. Choosing storage format for each attribute from the
logical database model

2. Grouping attributes from the logical database model
into physical records

3. Arranging related records in secondary memory (hard
disks and magnetic tapes) so that records can be
stored, retrieved and updated rapidly

4. Selecting media and structures for storing data to make
access more efficient

<>




Deliverables and Outcomes
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" @Logical database design must account
for every data element on a system
iInput or output

#Normalized relations are the primary
deliverable

# Physical database design results in
converting relations into files
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Relational Database Model

L

# Data represented as a set of related tables or
relations

# Relation

s A named, two-dimensional table of data. Each
relation consists of a set of named columns and
an arbitrary number of unnamed rows

s Properties
+ Entries in cells are simple
+ Entries in columns are from the same set of values
+ Each row is unique

+ The sequence of columns can be interchanged without
changing the meaning or use of the relation

+ The rows may be interchanged or stored in any
sequence

4




Relational Database Model

N

@ Well-Structured Relation

= A relation that contains a minimum amount
of redundancy and allows users to insert,
modify and delete the rows without errors
or inconsistencies




Normalization
# The process of converting complex

N

L

data structures into simple, stable data
structures is normalization

# First Normal Form (1NF)
s Contains only atomic values

#® Second Normal Form (2NF)

s ltis already in 1NF

= Each nonprimary key attribute is
identified by the whole key (called full

functional dependency)
4




Normalization

N
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@ Third Normal Form (3NF)
s ltis already in 2NF

on each other (called transitive
dependencies)

#® The result of normalization is that
every nonprimary key attribute

depends upon the whole primary key

10

=  Nonprimary key attributes do not depend

4
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Functional Dependencies and
Primary Keys

N

# Functional Dependency

= A particular relationship between two attributes.
For a given relation, attribute B is functionally
dependent on attribute A is, for every valid value

of A, that value of A uniquely determines the value
of B

s Instances (or sample data) in a relation do not
prove the existence of a functional dependency

= Knowledge of problem domain is most reliable
method for identifying functional dependency

@ Primary Key

= An attribute whose value is unique across all

1 occurrences of a relation




Functional Dependencies and
Primary Keys
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# Second Normal Form (2NF)

= A relation is in second normal form (2NF) if
any of the following conditions apply:
+ The primary key consists of only one attribute
+ Nonprimary key attributes exist in the relation

+ Every nonprimary key attribute is functionally
dependent on the full set of primary key
attributes

4




Functional Dependencies and
Primary Keys

N
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# Conversion to second normal form
(2NF)

m [0 convert a relation into 2NF, decompose

the relation into new relations using the
attributes, called determinants, that
determine other attributes

= [he determinants become the primary key

of the new relation

4
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Functional Dependencies and
Primary Keys

N
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@ Third Normal Form (3NF)

= A relation is in third normal form (3NF) if it
IS in second normal form (2NF) and there
are no functional (transitive) dependencies
between two (or more) nonprimary key
attributes

14
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Functional Dependencies and
Primary Keys

1%

@ Foreign Key

= An attribute that appears as a nonprimary key
attribute in one relation and as a primary key
attribute (or part of a primary key) in another
relation

# Referential Integrity

= An integrity constraint specifying that the value (or
existence) of an attribute in one relation depends
on the value (or existence) of the same attribute in

another relation

4
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Transforming E-R Diagrams
iInto Relations

N
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# 1t is useful to transform the conceptual
data model into a set of normalized
relations

@ Steps
s Represent entities
= Represent relationships
= Normalize the relations
= Merge the relations




Transforming E-R Diagrams
iInto Relations
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# Represent Entities

= Each regular entity is transformed into a relation

= The identifier of the entity type becomes the
primary key of the corresponding relation

= The primary key must satisfy the following two
conditions

a. The value of the key must uniquely identify every row in

the relation
b. The key should be nonredundant

4
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Transforming E-R Diagrams
iInto Relations

N
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# Represent Relationships

= Binary 1:N Relationships

+ Add the primary key attribute (or attributes) of the entity
on the one side of the relationship as a foreign key in the
relation on the right side

+ The one side migrates to the many side

= Binary or Unary 1:1

+ Three possible options
a. Add the primary key of A as a foreign key of B
b. Add the primary key of B as a foreign key of A
c. Both of the above




Transforming E-R Diagrams into
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Relations

#® Represent Relationships (continued)
= Binary and Higher M:N relationships

2

Create another relation and include primary keys of all
relations as primary key of new relation

=  Unary 1:N Relationships

2

2

Relationship between instances of a single entity type

Utilize a recursive foreign key

m A foreign key in a relation that references the primary key
values of that same relation

= Unary M:N Relationships

2

2

Create a separate relation

Primary key of new relation is a composite of two
attributes that both take their values from the same

primary key
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TABLE 12-1 E-R to Relational Transformation

E-R Structure

Relational Representation

Regular entity
Weak entity

Binary or unary 1:1
relationship

Binary 1:N relationship

Binary or unary M:N
relationship or

attributes
associative entity

Binary or unary M:N
relationship or associative
entity with additional key(s)

Binary or unary M:N rela-
lationship or associative entity
with its own key

Create a relation with primary key and nonkey attributes.

Create a relation with a composite primary key (which includes
the primary key of the entity on which this weak entity
depends) and nonkey attributes.

Place the primary key of either entity in the relation for the
other entity or do this for both entities.

Place the primary key of the entity on the one side of the
relationship as a foreign key in the relation for the entity on
the many side.

Create a relation with a composite primary key using the
primary keys of the related entities, plus any nonkey

of the relationship or associative entity.

Create a relation with a composite primary key using the
primary keys of the related entities and additional primary
key attributes associated with the relationship or associative
entity, plus any nonkey attributes of the relationship or
associative entity.

Create a relation with the primary key associated with the

relationship or associative entity, plus any nonkey attributes
of the relationship or associative entity and the primary keys

of the related entities (as foreign key attributes).




Transforming E-R Diagrams
iInto Relations

N

# Merging Relations
= Also called view integration
= The last step in the logical database design

x Some of the relations may be redundant; Purpose
Is to merge redundant relations

= View Integration Problems — when integrating
relations, you must understand the meaning of the
data and be prepared to resolve any problems that
may arise in the process. The three problems are:
¢+ Synonyms
m Two different names used for the same attribute

m \When merging, get agreement from users on a single,
standard name

21
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Transforming E-R Diagrams
iInto Relations

N
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¢+ Homonyms

m A single attribute name that is used for two or more
different attributes

m Resolved by creating a new name
+ Dependencies between nonkeys

m Dependencies may be created as a result of view
integration

m |n order to resolve, the new relation must be normalized
+ Class/subclass relationship may be hidden

22




Physical File and Database

Design
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# Designing physical files and databases
requires following information:

Normalized relations, including volume estimates
Definitions of each attribute

Descriptions of where and when data are used,
entered, retrieved, deleted and updated
(including frequencies)

Expectations or requirements for response time
and data integrity

Descriptions of the technologies used for
implementing the files and database

<>




Designing Fields
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@ Field

= The smallest unit of named application data recognized by system software
s Each attribute from each relation will be represented as one or more fields

# Choosing data types

m Data Type

+ A coding scheme recognized by system software for representing
organizational data

m Four objectives
+ Minimize storage space
+ Represent all possible values of the field
+ Improve data integrity of the field
+ Support all data manipulations desired on the field
m Calculated fields
+ A field that can be derived from other database fields




Methods of Controlling Data
Integrity
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# Default Value

= A value a field will assume unless an explicit value is
entered for that field

# Range Control

= Limits range of values which can be entered into field

# Referential Integrity

= An integrity constraint specifying that the value (or existence)
of an attribute in one relation depends on the value (or
existence) of the same attribute in another relation

# Null Value

= A special field value, distinct from 0, blank, or any other
value, that indicates that the value for the field is missing or
otherwise unknown

<>




Designing Physical Tables
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# Physical Table

# Design Goals

= A named set of rows and columns that specifies
the fields in each row of the table

= Efficient use of secondary storage (disk space)
+ Disks are divided into units that can be read in one

machine operation

# Relational database is a set of related tables

+ Space is used most efficiently when the physical length

of a table row divides close to evenly with storage unit

s Efficient data processing

+ Data are most efficiently processed when stored next to

= each other in secondary memory

4
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Designing Physical Tables
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# Denormalization

The process of splitting or combining normalized
relations into physical tables based on affinity of
use of rows and fields

Partitioning
+ Capability to split a table into separate sections

+ Oracle implements three types
m Range
m Hash
m  Composite

Optimizes certain operations at the expense of
others

<>




Designing Physical Tables
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# Denormalization

s [hree common situations where
denormalization may be used
1.Two entities with a one-to-one relationship

2.A many-to-many relationship with nonkey
attributes

3.Reference data

28




Designing Physical Tables
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# Arranging Table Rows

Physical File

+ A named set of table rows stored in a contiguous
section of secondary memory

Each table may be a physical file or whole

database may be one file, depending on

database management software utilized
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Designing Physical Tables
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@ File Organization

A technique for physically arranging the set of
table rows in secondary memory

A computer operating system stores data in a
physical file, which is a named set of table rows

stored in a contiguous section of secondary
memory.

A file contains rows and columns from one or
more tables, as produced from denormalization.

<>




Designing Physical Tables
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= Objectives for choosing file organization
Fast data retrieval

High throughput for processing transactions
Efficient use of storage space

Protection from failures or data loss
Minimizing need for reorganization
Accommodating growth

Security from unauthorized use

ke O0), L ShebR BRI (5
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Designing Physical Tables
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; #® Types of File Organization

s Sequential

*

L 2

L 4

The rows in the file are stored in sequence according to a
primary key value

Updating and adding records may require rewriting the file
Deleting records results in wasted space

7 Indexed

*

The rows are stored either sequentially or nonsequentially
and an index is created that allows software to locate
individual rows

Index

m A table used to determine the location of rows in a file that
satisfy some condition

Secondary Index
m Index based upon a combination of fields for which more than

one row may have same combination of values




Designing Physical Tables
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+ Guidelines for choosing indexes
= Specify a unique index for the primary key of each table
m Specify an index for foreign keys

= Specify an index for nonkey fields that are referenced in
qualification, sorting and grouping commands for the purpose of
retrieving data

= Hashed File Organization

+ The address for each row is determined using an
algorithm

33
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TABLE 12-3 Comparative Features of Sequential, Indexed, and Hashed File Organizations

File Organization
Factor Sequential Indexed Hashed
Storage space No wasted space No wasted space for data, but Extra space may be needed to allow
extra space for index for addition and deletion of records.
Sequential retrieval Very fast Moderately fast Impractical
on primary key
Random refrievalon ~ Impractical Moderately fast Very fast
primary key
Multiple key retrieval ~ Possible, but requires Very fast with multiple indexes Not possile
scanning whole file
Deleting rows Can create wasted space If space can be dynamically Very easy
O require reorganizing allocated, this is easy, but

Adding rows

Updating rows

Requires rewriting file

Usually requires rewriting file

requires maintenance of indexes.

If space can be dynamically
allocated, this is easy, but

requires maintenance of indexes.

Easy, but requires maintenance
of indexes

Very easy, except multiple keys with
same address require extra work

Very easy

<




Designing Controls for Files
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# Controls address protection from failures or
data loss and security from unauthorized use

# File restoration techniques after damage or
loss
= periodically making a backup copy of a file,

= storing a copy of each change to a file in a
transaction log or audit trail, or

= storing a copy of each row before or after it is
changed.

1235 ‘




Designing Controls for Files

N

# Data Security Techniques

= Coding or encrypting
= User account management

= Prohibiting users from working directly with the
data. Users work with a copy which updates the
files only after validation checks

12.36 ‘




Designing Forms and Reports

/ o \

Maintenance Analysis

FIGURE 10-1
Systems development life
cycle with logical design

Implementation — Deszign ) _
phase highlighted

Databases

" Forms and Reports
Dialogues and Interfaces
Distributed and Internat Systems

Chapter 10 © 2011 Pearson Education, Inc. Publishing as Prentice Hall



Designing Forms and Reports (Cont.)

Form: a business document that
contains some predefined data and may
Include some areas where additional
data are to be filled In

An instance of a form is typically based on
one database record.

Chapter 10 © 2011 Pearson Education, Inc. Publishing as Prentice Hall



Designing Forms and Reports (Cont.)

Report: a business document that
contains only predefined data

It Is a passive document used solely for
reading or viewing data.

A report typically contains data from
many unrelated records or transactions.

Chapter 10 © 2011 Pearson Education, Inc. Publishing as Prentice Hall



Designing Forms and Reports (Cont.)

Common Types of Reports:

Scheduled: produced at predefined time intervals for
routine information needs

Key-indicator: provides summary of critical
Information on reqgular basis

Exception: highlights data outside of normal operating
ranges

Drill-down: provides details behind summary of key-
Indicator or exception reports

Ad-hoc: responds to unplanned requests for non-
routine information needs

Chapter 10 © 2011 Pearson Education, Inc. Publishing as Prentice Hall 7



The Process of Designing

Forms and Reports

|s user-focused activity.
Follows a prototyping approach.

First steps are to gain an understanding
of the intended user and task objectives
by collecting initial requirements during
requirements determination.

Chapter 10 © 2011 Pearson Education, Inc. Publishing as Prentice Hall



The Process of Designing
Forms and Reports

Requirements determination:
Who will use the form or report?
What is the purpose of the form or report?
When is the report needed or used?

Where does the form or report need to be
delivered and used?

How many people need to use or view the
form or report?

Chapter 10 © 2011 Pearson Education, Inc. Publishing as Prentice Hall



The Process of Designing
Forms and Reports (Cont.)
Prototyping

Chapter 10

Initial prototype is designed from
requirements.

Users review prototype design and either
accept the design or request changes.

If changes are requested, the construction-
evaluation-refinement cycle is repeated
until the design is accepted.

© 2011 Pearson Education, Inc. Publishing as Prentice Hall 10



The Process of Designing
Forms and Reports (Cont.)

A coding sheet is an “old” tool for
designing forms and reports, usually
associated with text-based forms and
reports for mainframe applications.

Visual Basic and other development tools

provide computer aided GUI form and
report generation.

Chapter 10 © 2011 Pearson Education, Inc. Publishing as Prentice Hall 11



The Process of Designing
Forms and Reports (Cont.)

FIGURE 10-2
The layout of a data input form
using a coding sheet

SYSTEM

PROGEAM

Customer Information Entry

PROGEAMMER STAN

| DATE
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=
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=
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The Process of Designing
Forms and Reports (Cont.)

&8 Customer Information Entry @@
Customer Information Today: 2-Nov-10

CUSTOMER INFORMATION

Customer Number: T‘1273 ~ FIGURE 10_3
i S A data input screen designed in
Kidrous: T T Microsoft’s Visual Basic .NET
Cilty: AuStn
State: X
Zip: 28384
Save ‘ Heip Exit

Chapter 10 © 2011 Pearson Education, Inc. Publishing as Prentice Hall 13



Deliverables and Outcomes

Design specifications are the major
deliverables and inputs to the system
Implementation phase.

Chapter 10 © 2011 Pearson Education, Inc. Publishing as Prentice Hall
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Deliverables and Outcomes (Cont.)

Design specifications have three sections:

Narrative overview: characterizes users,
tasks, system, and environmental factors

Sample design: image of the form (from
coding sheet or form building development
tool)

Testing and usability assessment: measuring
test/usabillity results (consistency, sufficiency,
accuracy, etc.)

Chapter 10 © 2011 Pearson Education, Inc. Publishing as Prentice Hall 15



Formatting Forms and Reports

Meaningful titles — use clear, specific,
version information, and current date

Meaningful information — include only
necessary information, with no need to
modify

Chapter 10 © 2011 Pearson Education, Inc. Publishing as Prentice Hall 16



Formatting Forms and Reports
(Cont.)

Balanced layout — use adequate spacing,
margins, and clear labels

Easy navigation system — show how to
move forward and backward, and where
you are currently

Chapter 10 © 2011 Pearson Education, Inc. Publishing as Prentice Hall 17
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Formatting Forms and Reports
(C O n t " ) S— e

CUSTOMER INFORMATION
CUSTOMER NO: 1273
NAME: CONTEMPORARY DESIGNS
ADDRESS: 123 OAK ST.
CITY-STATE-ZIP: AUSTIN, TX 28384

FIGURE 10-5 YTD-PURCHASE: 47,285.00

Contrasting customer CREDIT LIMIT: 10,000.00

: : YTD-PAYMENTS: 42,656.65

information forms |

] . DISCOUNT %: 5.0

(Pme Va”ey Furnitu re) PURCHASE: 21-JAN-10 22,000.00
PAYMENT: 21-JAN-10 13,000.00

(a) Poorly designed form PURCHASE: 02-MAR-10 16,000.00
PAYMENT: 02-MAR-10 15,500.00
PAYMENT: 23-MAY-10 5,000.00
PURCHASE: 12-JUL-10 9,285.00
PAYMENT: 12-JUL-10 3,785.00
PAYMENT: 1-SEP-10 537166
STATUS: ACTIVE

r s F 3
I No nawigation information I No summary

of account activity

Chapter 10 © 2011 Pearson Education, Inc. Publishing as Prentice Hall
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Formatting Forms and Reports
(C ont. ) o

[ Pine Valley Furniture

Pine Valley Furniture Page: 20f2
Detail Gustomer Account Information Today: 2.Nov-10
Customer Number: 1273
Name: Contemporary Designs

CURRENT

DATE PURCHASE PAYMENT BALANCE
- i 01-Jan-08 0.00
FIGURE 10 S (Contlnued) 21-Jan-08 (22,000.00) (22,000.00)
21-Jan-08 13,000.00 (9,000.00)
02-Mar-08 (16.000.00) (25,000.00)
H 02-Mar-08 15.500.00 (9.500.00)

(b) Improved design for form
23-May-08 5.000.00 (4,500.00)
12-Jul-08 (9,285.00) (13,785.00)
12-Jul-08 3,785.00 (10,000.00)
21-Jul-08 537165 (4.628 35)
YTD-SUMMARY (47,285.00) 42,656.65 (4,628.35)
A
Help Prior Screen Exit %
Summary of Clear navigation
account information information

Chapter 10 © 2011 Pearson Education, Inc. Publishing as Prentice Hall



Highlighting Information

Notify users of errors in data entry or
orocessing.

Provide warnings regarding possible
oroblems.

Draw attention to keywords, commands,
nigh-priority messages, unusual data
values.

Chapter 10 © 2011 Pearson Education, Inc. Publishing as Prentice Hall
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Highlighting Information (Cont.)

Highlighting can include use of

Chapter 10

upper case all capital letters
bold blinking

italics reverse video
underlining audible tones
boxing Intensity differences

size and color

offsetting nonstandard

differences Information

© 2011 Pearson Education, Inc. Publishing as Prentice Hall
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Highlighting Information (Cont.)

I Font size, intensity ] I All capital letters I

{® Pine Valley Furniture

Pine Valley Furniture Page: 2012
Detail Customer Account Information Today: 2.Nov-10
Customer Number: 1273
Name: Contemporary Designs +
FIGURE 10-6 CURRENT
DATE PURCHASE PAYMENT BALANCE
Customer account status
: : : 01-Jan-08 0.00
display using various 21-Jan08 22.00000) (22,000 00)
. . : . 21-Jan-08 13,000.00 (9,000.00)
highlighting techniques 02-Mar-08 (16.000.00) (25.000.00)
02-Mar-08 15.500.00 (9.500.00)
; i 23-May-08 5,000.00 (4.500.00)
(Pme Val Iey Furnitu re) 12-Jul-08 (9,285.00) (13,785.00)
12-Jul-08 3,785 00 (10,000.00)
21-Jul-08 537165 (4,628 35)
YTO-SuMmaRY (47,285.00) 42,656.65 (4,628.35)
F 3
Halp Prior Screen Exit
| Boxing | | Intensity differences

Chapter 10 © 2011 Pearson Education, Inc. Publishing as Prentice Hall



Color vs. No Color

Benefits of Using Color
Soothes or strikes the eye.
Accents an uninteresting display.

Facilitates subtle discriminations in complex
displays.

Emphasizes the logical organization of
iInformation.

Draws attention to warnings.
Evokes more emotional reactions.

Chapter 10 © 2011 Pearson Education, Inc. Publishing as Prentice Hall 23



Color vs. No Color (Cont.)

Problems from Using Color

Color pairings may wash out or cause
problems for some users.

Resolution may degrade with different
displays.

Color fidelity may degrade on different
displays.

Printing or conversion to other media may not
easlily translate.

Chapter 10 © 2011 Pearson Education, Inc. Publishing as Prentice Hall 24



Displaying Text

Case: mixed upper and lower case, use
conventional punctuation

Spacing: double spacing if possible, otherwise
blank lines between paragraphs

Justification: left justify text, ragged right margins
Hyphenation: no hyphenated words between lines

Abbreviations: only when widely understood and
significantly shorter than full text

Chapter 10 © 2011 Pearson Education, Inc. Publishing as Prentice Hall 25



Displaying Text (Cont.)

I Fixed, uppercase text I

8 HELP SCREEN: CUST-INFO 10

[THE INTENT OF THIS SCREEN IS TO RETRIEVE CUSTOMER

ACCOUNT STATUS INFORMATION. INFORMATION RELATED TO

CURRENT YEAR-TO-DATE BALANCES. CREDIT LIMITS, AND

ACCOUNT STATUS IS PROVIDED. SPECIFIC INFORMATION FIGURE 10-7

INCLUDES: CUSTOMER NUMBER, NAME, ADDRESS. : :
YTD-PURCHASES. YTD-PAYMENTS. CREDIT LIMITS. AND Contrasting the display of
DISCOUNT PERCENTAGE RATE. ALL PURCHASE AND PAYMENT : :
TRANSACTIONS ARE ALSO LISTED. STATUS CAN BE ACTIVE, textual help information
CLOSED, NEW (FIRST YEAR), OR VOIDED. ACTIVE AND NEW

ACCOUNTS CAN CONDUCT BUSINESS WITH PVF. CLOSED :

ACCOUNTS MUST BE RE-ACTIVATED BEFORE THE SYSTEM (a) Poorly designed help screen
WILL ACCEPT ACCOUNT TRANSACTIONS. THE SYSTEM WILL : At

NOT ACCEPT TRANSACTIONS FOR VOIDED ACCOUNTS. IF with many ylolgtlons of the
MORE INFORMATION IS AVAILABLE THAN FITS ON A SCREEN general guidelines for
PRESS THE F2 KEY. IF YOU PRESS THE KEY AND NOTHING displaving text

HAPPENS, THEN THERE IS NO MORE INFORMATION TO VIEW. IF ISplaying tex

YOU WANT TO PRINT THE ACCOUNT INFORMATION, PRESS F9. IF

YOU WANT TO RETURN TO THE MAIN MENU PRESS F10

A

I Single spacing I

Chapter 10 © 2011 Pearson Education, Inc. Publishing as Prentice Hall 26



Displaying Text (Cont.)

Help Information - Reviewing Customer Account Stalus

The intent of this screen is to retrieve customer account status information. Information
related to currant yearto-date balances, credit imits, and account status is provided

Eield

1. Customer Number PVF assigned customer number

2 Name ! Address full customer name and mailing address
3. YTD-Purchases total of current-year purchases

4 YTD-Payments total of cument-year payments

5. Credit Limat maximum outstanding balance

6. Outstanding Balance cument account balance

7. Discount Parcentaga salas discount rate

8 Status current account status

1. Active in ggod standing

2 Closed no Ignger & curment account; must reapply to change status to active
3. New in ggod standing but a customer for < 1 year

4. Voided not ip good standing (e.g., an excessive balance)

Special Function Keys:
F1 = Halp (displays this scraen)
F2 = Account Details (is only displayed if > 1 page is available)
F9 = Print (panis "Customer Status Report”)

F10 = Retum (retumns to prior scree

| Spacing between sections |

FIGURE 10-7 (continued)

(b) An improved design for
a help screen

Chapter 10 © 2011 Pearson Education, Inc. Publishing as Prentice Hall
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Designing Tables and Lists

Labels

All columns and rows should have meaningful
labels.

Labels should be separated from other
iInformation by using highlighting.

Redisplay labels when the data extend
beyond a single screen or page.

Chapter 10 © 2011 Pearson Education, Inc. Publishing as Prentice Hall 28



Designing Tables and Lists (Cont.)

Formatting columns, rows and text:

Chapter 10

Sort in a meaningful order.

Place a blank line between every five rows In
long columns.

Similar information displayed in multiple
columns should be sorted vertically.

Columns should have at least two spaces
between them.

© 2011 Pearson Education, Inc. Publishing as Prentice Hall 29



Designing Tables and Lists (Cont.)

Chapter 10

Allow white space on printed reports for user
to write notes.

Use a single typeface, except for emphasis.

Use same family of typefaces within and
across displays and reports.

Avoid overly fancy fonts.

© 2011 Pearson Education, Inc. Publishing as Prentice Hall 30



Designing Tables and Lists (Cont.)

Formatting numeric, textual and
alphanumeric data:

Right justify numeric data and align columns
oy decimal points or other delimiter.

_eft justify textual data. Use short line length,
usually 30 to 40 characters per line.

Break long sequences of alphanumeric data
iInto small groups of three to four characters
each.

Chapter 10 © 2011 Pearson Education, Inc. Publishing as Prentice Hall 31
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Designing Tables and Lists (Cont.)

No Single column
column labsls for all types of data

2 Pine Valley Furniture

CUSTOMER INFORMATION

CUSTOMER NO: 1273

NAME: CONTEMPORARY DESIGNS

ADDRESS: 123 0AK ST.

CITY-STATE-ZIP: AUSTIN, TX 28384

YTD-PURCHASE: 47,286.00

CREDIT LIMIT: 10,000.00

YTD-PAYMENTS: 42,656.65

DISCOUNT %: 50 v

PURCHASE: 21-JAN-10 22,000.00

PAYMENT: 21-JAN-10 13,000.00
FIGURE 10-8 PURCHASE: 02-MAR-10 16,000.00
Contrasting the display of tables PAYMENT: 02-MAR-10 16,500.00
and lists (Pine Valley Furniture) PAYMENT: 2o e

PURCHASE: 12-JUL10 9,285.00

PAYMENT: 12-JUL-10 3,785.00
(a) Poo r|y desi gn ed form PAYMENT: 1-SEP-10 537166

STATUS: ACTIVE

[ Numeric data are left justified

Chapter 10 © 2011 Pearson Education, Inc. Publishing as Prentice Hall
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Designing Tables and Lists (Cont.)

Clear and separate column labels
for each data type

[ Pine Valley Furniture

Pine Valley Furniture Page: 20f2
Detail Customer Account Information Today: 2.Nov-10
mer Number: 1273
CURRENT
DATE PURCHASE PAYMENT BALANCE
) 01-Jan-08 0.00
FIGURE 10-8 (Contmued) 21-Jan-08 (22,000.00) (22,000.00)
21-Jan-08 13,000.00 (9,000.00)
02-Mar-08 {16.000.00) (25.000.00)
) 02-Mar-08 15,500.00 (9.500.00)
(b) Improved design for form
23-May-08 5.000.00 {4,500.00)
12-Jul-08 (9.285.00) (13,785.00)
12-Jul-08 3,785.00 (10,000.00)
21-Jul-08 5.371.65 (4,628 35)
YTD-SUMMARY (47,285.00) 42,656.65 (4,628.35)
+ A 4
Heip Prior Screen I Exit ‘

Numeric data are right justified |
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Designing Tables and Lists (Cont.)

Use tables for reading individual data values.

Use graphs for:
Providing quick summary.
Displaying trends over time.
Comparing points and patterns of variables.
Forecasting activity.
Simple reporting of vast quantities of information.
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Designing Tables and Lists (Cont.)

Placa meaningful Alohabetic toxt Ua_a & ) Baox the table data to
labels on all P hahetc meanirigul improve the appearance
columns and rows s left justified titla of tha table
| |
Pine Valley Furniture -
Salesperson Annual Summary Report, 2009
January 10, 2009 per y 1P Page 1 of 2
I Quarterly Actual Sales |
Region Salesperson 55N First Second | Third Fourth
MNorthwest & Mountain |
Baker =— 900-00-0000 | 195,000 | 145,000 | 133,000 | 120,000
Hawthormme 999-00-0000 [ 220,000 [ 175,000 | 213000 | 198000 |
Hodges 9%0-99-0009 | 110,000 05,000 | 170,000 | 120,000 |\
Midwest & Mid-Atlantic
Franklin 90G-00-0000 | 110,000 | 120,000 | 170,000 Q0,000 |I
Stephenson! 999-99-0000 75,000 66,000 80,000 80,000
Swenson | 999-99-0999 | 110,000 QF.000 [ 100,000 Q0,000
Mew England ! |
Brightman 999-00-0609 [ 250,000 [ 280,000 | 260,000 | 330,000
Kennedy — 999-99-9999 | 310,000 | 190,000 | 270,000 | 280,000 l
15ales reflect July 1}, 2009 — December 3{1, 2009. |
4
— | |
Superscnpt characters Sart columns in some Long saquence of Right justify

can be used to alert
reader of more
detailed information

Chapter 10

alphanumenc data
iz grouped into
smaller ssgments

meaningful ordar

(names are sored
alphabetically
within region)

© 2011 Pearson Education, Inc.

all rumeric data

Try to fit table

onto a single page ||

to halp in making
COmpanscns

Publishing as Prentice Hall

FIGURE 10-9

Tabular report illustrating
numerous design
guidelines

(Pine Valley Furniture)
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Designing Tables and

Pina Valley Furniture
Cuarterly Sales Report

_ 30
g 28 k\t——’—‘.‘\—,
=)
o 20
_§ 15 — Salesperson | |
> -— _.--: —#— Hawthorne
% 10 hd Baker
@ 5 —8- Hodges

¢ = Focond Thid Fourth

Cwarter
Morttrarast & Mountain Region
Pina Valley Furnitura
Ouarterly Sales Report

30
(=)
2 26
=)
E 20
3 15 Salesperson | |
= o B Hawthomne
E Baker
@ s B Hodges

o First Second Third Fourth

Cluarter

Mortrwest & Mountain Region

Lists (Cont.)

FIGURE 10-10
Graphs for comparison

(a) Line graph

(b) Bar graph
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Assessing Usability

Objective for designing forms, reports and
all human-computer interactions is usabillity.

There are three characteristics:

Speed — Can you complete a task efficiently?

Accuracy — Does the output provide what you
expect?

Satisfaction — Do you like using the output?
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Assessing Usability (Cont.)

Usability: an overall evaluation of how a
system performs in supporting a
particular user for a particular task.
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Usability Success Factors

Consistency — of terminology, formatting, titles,
navigation, response time

Efficiency — minimize required user actions.
Ease — self-explanatory outputs and labels.

Format — appropriate display of data and
symbols.

Flexibility — maximize user options for data
Input according to preference.
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Usability Success Factors (Cont.)

Characteristics for consideration:

User: experience, skills, motivation,
education, personality

Task: time pressure, cost of errors, work
durations

System: platform
Environment: social and physical issues
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Measures of Usabillity

Time to learn

Speed of performance
Rate of errors
Retention over time
Subjective satisfaction

Layout of information should be consistent,
both within and across applications

Chapter 10 © 2011 Pearson Education, Inc. Publishing as Prentice Hall
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Measures of Usability (Cont.)

Layout of information should be consistent
both within and across applications,
whether information Is delivered on screen
display or on a hard-copy report.
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Designing Interfaces and
Dialogues

User-focused activity

Prototyping methodology of iteratively:
Collecting information
Constructing a prototype
Assessing usability
Making refinements

Must answer the who, what, where, and
how questions
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Designing Interfaces and
Dialogues (Cont.)

Maintenance Analysis
Implementation g Design
Databases
FIGURE 11'1 Forms and Reports
. + Dialogues and Interfaces
Systems development life cycle (SDLC) Distributed and Internet Systems
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Deliverables and Outcomes

Creation of a design specification

Chapter 11

A typical interface/dialogue design
specification is similar to form design, but
Includes multiple forms and dialogue
seguence specifications.
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Deliverables and Outcomes (Cont.)

The specification includes:
Narrative overview
Sample design
Testing and usability assessment
Dialogue sequence

Dialogue sequence Is the ways a user can
move from one display to another.
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Interaction Methods and Devices

Interface: a method by which users

Interact with an information system

All human-computer interfaces must:
have an interaction style, and

use some hardware device(s) for supporting
this interaction.

Chapter 11 © 2011 Pearson Education, Inc. Publishing as Prentice Hall



Methods of Interacting

Command line
Includes keyboard shortcuts and function keys
Menu

Form
Object-based
Natural language
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Command Language Interaction

Command language interaction: a
human-computer interaction method
whereby users enter explicit statements Iinto
a system to invoke operations
Example from MS DOS:
COPY C.:PAPER.DOC A:PAPER.DOC
Command copies a file from C: drive to A: drive

Chapter 11 © 2011 Pearson Education, Inc. Publishing as Prentice Hall 10



Menu Interaction

Menu interaction: a human-computer
Interaction method in which a list of system
options Is provided and a specific command Is
Invoked by user selection of a menu option

Pop-up menu: a menu-positioning method
that places a menu near the current cursor
position

Chapter 11 © 2011 Pearson Education, Inc. Publishing as Prentice Hall 11



Menu Interaction (Cont.)

Drop-down menu IS a menu-positioning
method that places the access point of the
menu near the top line of the display.

When accessed, menus open by dropping
down onto the display.

Visual editing tools help designers construct
menus.

Chapter 11 © 2011 Pearson Education, Inc. Publishing as Prentice Hall 12



Menu Interaction (Cont.)

Guidelines for Menu Design

Wording — meaningful titles, clear command
verbs, mixed upper/lower case

Organization — consistent organizing principle
Length — all choices fit within screen length

Selection — consistent, clear and easy selection
methods

Highlighting — only for selected options or
unavailable options

Chapter 11 © 2011 Pearson Education, Inc. Publishing as Prentice Hall 13



Menu Interaction (Cont.)

¥ sadchlite? - Microsoft Yisual Studio
Fla Edt Vesa Promct Buid Debug Cata Toos Window Hebp
Gl u-dd &40 3 T L BA S QAR D

notsure.vh [Desion]  CbjsctErowear | StartPage  sscchitel | codng Syt S [Desgr] 5 X Soluson Bplerer >3 X

Propectes - 3 x
fileman System.\Windows. Forms Nerultem v
SV RN
Enebles e ~
Gener pwveTOR! Troe
= mainMerut R Toommip: sl F
MergeOrder 0
MargeType add
Vodfiers Public
Pending Chedae B OnerDraw False
ey — 7 RadoCheck =alse
2 i L I L W L—]l—' Shertaut None
Nare Chenge trpe ShowShortaut Tres
Tag
Text File
Veble Tres

K

Text
The capton dspiaved by the item,

FIGURE 11-8

Menu building with
Microsoft Visual Basic
.NET
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Form Interaction

Form interaction: a highly intuitive
human-computer interaction method
whereby data fields are formatted in a
manner similar to paper-based forms

Allows users to fill in the blanks when working
with a system.

Chapter 11 © 2011 Pearson Education, Inc. Publishing as Prentice Hall 15
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Form Interaction (Cont.)

L) Google Advanced Search  Morilla Firofox

ot Lot yew gl Cockewis  TOON b

6 - C o 0§ o groge com/ssanced_tesrch it een | K ’
Wed lnsges Bleps Hess Stoppies Omed mow v Sipn &
Google aaancedsearen A

F
FIGURE 11-9 ercarino
this 8XaCt Weadng of ghrase

Example Of form oo¢ o more of these words
interaction from the But don't show pages that have...

any sfthesa unaanted words

Google Advanced SP—

Relts per page 10resuits

Search Engine Langoye — T

File nype any farmal

(Source: Google.) g

5 0ate wiage nghts pumedc angs and mote

| MV&(\C!’J 503((" |

Topicapecific saarch sngines lrom Gosgle:

Google Dook Seasch Argls acisoss US Gowsessnt
Gosgls Code Sapech N BSD Uz Urowrsdes
G w_’ Schotsr o
Google News achive ssarch Merezot
S2063 Google
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Object-Based Interaction

Object-based interaction: a human-
computer interaction method in which
symbols are used to represent commands
or functions

lcons: graphical pictures that represent
specific functions within a system

Use little screen space and are easily
understood by users
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Object-Based Interaction (Cont.)
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FIGURE 11-10 -

Object-based
(icon) interface
from Microsoft
Visual Basic
NET
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Natural Language Interaction

Natural language interaction: a human-
computer interaction method whereby inputs
to and outputs from a computer-based
application are in a conventional spoken
language such as English

Based on research in artificial intelligence.

Current implementations are tedious and
difficult to work with, not as viable as other
Interaction methods.

Chapter 11 © 2011 Pearson Education, Inc. Publishing as Prentice Hall
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Usability Problems with Hardware
Devices

Visual Blocking Adequate Feedback
touch screen, light pen keyboard, mouse, joystick,
User Fatigue trackball, graphics tablet,
touch screen, light pen voice
Movement Scaling Speed
keyboard, mouse, joystick, keyboard
trackball, graphics tablet, Pointing Accuracy
voice joystick, touch screen, light
Durability pen, voice

trackball, touch screen
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Natural Language Interaction (Cont.)

Usabillity problems with hardware devices:

Visual Blocking
touch screen, light pen

User Fatigue
touch screen, light pen

Chapter 11 © 2011 Pearson Education, Inc. Publishing as Prentice Hall 21



Natural Language Interaction (Cont.)

Movement Scaling

keyboard, mouse, joystick, trackball, graphics
tablet, voice

Durability
trackball, touch screen

Chapter 11 © 2011 Pearson Education, Inc. Publishing as Prentice Hall 22



Natural Language Interaction (Cont.)

Adequate Feedback

keyboard, mouse, joystick, trackball, graphics
tablet, voice

Speed
keyboard

Pointing Accuracy
joystick, touch screen, light pen, voice

Chapter 11 © 2011 Pearson Education, Inc. Publishing as Prentice Hall 23



Natural Language Interaction (Cont.)

TABLE 11-4 Summary of General Conclusions from Experimental Comparisons of Input Devices
in Relation to Specific Task Activities

Most Shortest Most
Task Accurate Positioning Preferred
Target Selection trackball, grcphics touch screen, |igh| touch screen, Iight
tablet, mouse, pen, mouse, graphics pen
joystick tablet, trackball
Text Selection mouse mouse -
Data Entry light pen light pen —
Cursor Positioning — light pen —
Text Correction light pen, cursor keys  light pen light pen
Menu Selection touch screen - keyboard, touch
screen

(Source: Based on Blattner & Schultz, 1988.)
Key:
Target Selection = moving the cursor to select a figure or item
Text Selection = moving the cursor to select a block of text
Data Entry = entering information of any type into a system
Cursor Positioning

moving the cursor to a specific position
Text Correction = moving the cursor to a location to make a text correction
Menu Selection = activating a menu item

— = no clear conclusion from the research
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Designing Interfaces

Forms have several general areas In
common :

Header information

Sequence and time-related information

Instruction or formatting information

Body or data details

Totals or data summary

Authorization or signatures

Comments

Chapter 11 © 2011 Pearson Education, Inc. Publishing as Prentice Hall
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Designing Interfaces (Cont.)

Jse standard formats similar to paper-
pased forms and reports.

Use left-to-right, top-to-bottom navigation.

Chapter 11 © 2011 Pearson Education, Inc. Publishing as Prentice Hall
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Designing Interfaces (Cont.)

Flexibility and consistency:
Free movement between fields

No permanent data storage until the user
requests

Each key and command assigned to one
function

Chapter 11 © 2011 Pearson Education, Inc. Publishing as Prentice Hall
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Structuring Data Entry

entry

Entry Never require data that are already online or that
can be computed

Defaults Always provide default values when appropriate

Units Make clear the type of data units requested for

Replacement | Use character replacement when appropriate

Captioning Always place a caption adjacent to fields
Format Provide formatting examples

Justify Automatically justify data entries

Help Provide context-sensitive help when appropriate

Chapter 11
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Controlling Data Input

Objective: Reduce data entry errors

Common sources data entry errors in a
field:

Appending: adding additional characters
Truncating: losing characters
Transcripting: entering invalid data

Transposing: reversing sequence of
characters

Chapter 11 © 2011 Pearson Education, Inc. Publishing as Prentice Hall 29



Providing Feedback

Three types of system feedback:

Chapter 11

Status information: keep user informed of
what’s going on, helpful when user has to wait
for response

Prompting cues: tell user when input is
needed, and how to provide the input

Error or warning messages: inform user that
something Is wrong, either with data entry or
system operation

© 2011 Pearson Education, Inc. Publishing as Prentice Hall 30



Providing Help

Place yourself in user’s place when
designing help.
Guidelines for designing usable help:

Simplicity — Help messages should be short
and to the point.

Organize — Information in help messages
should be easily absorbed by users.

Show — It is useful to explicitly show users
how to perform an operation.

Chapter 11 © 2011 Pearson Education, Inc. Publishing as Prentice Hall 31



Designing Dialogues

Dialogues: the sequence of interaction
petween a user and a system

Dialogue design involves:
Designing a dialogue sequence.
Building a prototype.

Assessing usabillity.

Chapter 11 © 2011 Pearson Education, Inc. Publishing as Prentice Hall
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Designing the Dialogue Sequence

Typical dialogue between user and
Customer Information System:

Chapter 11

Request to view individual customer information.

Specify the customer of interest.

Select the year-to-date transaction summary
display.

Review the customer information.
Leave system.

© 2011 Pearson Education, Inc. Publishing as Prentice Hall
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Designing the Dialogue Sequence
(Cont.)

Dialogue diagramming: a formal method
for designing and representing human-
computer dialogues using box and line
diagrams

Chapter 11 © 2011 Pearson Education, Inc. Publishing as Prentice Hall 34



Designing the Dialogue Sequence
(Cont.)

Three sections of the box are used as:

Top contains a unigue display reference number
used by other displays for referencing it.

Middle contains the name or description of the
display.

Bottom contains display reference numbers that
can be accessed from the current display.
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Designing the Dialogue Sequence
(Cont.)

Unique Reference i
Number of Display 1op

Name or Descrlptlon — \iddle
of Display

Reference Numbers . Bottorn

FIGURE 11-17
Sections of a dialogue diagramming box
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Designing the Dialogue Sequence
(Cont.)

Dialogue diagrams depict the seguence,
conditional branching, and repetition of
dialogues.

Chapter 11 © 2011 Pearson Education, Inc. Publishing as Prentice Hall
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Designing the Dialogue Sequence
(Cont.)

isAa
==Sequence
FIGURE 11-18
Dialogue diagram illustrating Display gt

sequence, selection, and iteration
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Building Prototypes and
Assessing Usability

Optional activities

Building prototypes displays using a

graphical development environment
Microsoft's Visual Studio .NET
Borland’s Enterprise Studio

Easy-to-use input and output (form, report, or
window) design utilities
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Graphical Interface Design Issues

Become an expert user of the GUI
environment.

Understand how other applications have
been designed.

Understand standards.

Gain an understanding of the available
resources and how they can be used.

Become familiar with standards for menus
and forms.
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" JEET _
Graphical Interface Design Issues

(Cont.)

FIGURE 11-20
Highlighting graphical
user interface design
standards
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| File menu item is always first item (if present) |

Edit menu item is always second item (if present) |

| Help menu item is always last item (if present) |
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