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Aims & Objectives

· to introduce participants to the concepts behind database design

· to explain the structure of a database and its components

· to prepare participants to build their own database

Who should attend:
Staff who need to design their own database and who are not sure where to begin.
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What is a Database?

A database is a data storage and an information retrieval system. It holds data that you enter into the system, and makes information available, based on the data, to the user on request.

There is a distinction here between data (the facts you are storing) and information (data that have been processed to provide an output that is meaningful to the user).

A computerised database built in MS Access has a structure made up of the following elements:

· Tables - to hold the data

Tables are the foundation pieces of a database. A table is a collection of data about a single object or process. For example, a table could include all the data required on students you have, or all the data required to complete a registration process. Tables can contain various types of data. The computer stores the different types of data in different ways, and can perform various tasks with the data according to the data type.

· Queries - to search for the information you need

Queries are your tool for viewing, changing, and analysing the data in your tables in a variety of ways. You can use queries to select data from your tables, and to display the data immediately. Or you can use the results of the query as a basis for a report (see below) to enhance the presentation of the information.

· Reports - to present the information you need in a printable format

A report is a method of presenting your information in a printed format. You can display the information in the way that you want it, and add grouping levels and summaries for your presentation.

· Forms - to enter data, or to view data on screen

Forms are most commonly used to create a "user-friendly" interface with the database. Rather than the user having to work with the tables themselves when entering data, a form can be used to present the fields necessary to the user. This helps to ensure that these can be filled in with the minimum number of errors since a form is easier to look at. Because a form is displaying current data, it can be used as a method of making viewing data easier. If necessary, you can prevent users from changing the data that the form displays.

Examples of databases

· Student Records system

· Telephone directory

· Module handbook

· TV listings

· Train timetable

· Shopping catalogue

· Address book

· Library catalogue system

· Medical patient records

· Video collection list

· Room booking system

· Conference timetable

· Book contents page

· Shopping list

· Exam results records

· Diary

· Reference list

Relative merits of storage on computer, paper and human memory systems

	
	Pros
	Cons



	Computer
	· Large capacity

· Quick to search info 

· Info can be searched in a number of ways

· Easy to update

· Easy to output results of search

· Reliable (use back-ups)

· Portable (if networked)

· Easy to transfer to another


	· Slow if not using the computer

· Not portable (if not networked)

	Paper
	· Tangible

· Quick if not using computer
	· Slow to search for info

· Only searchable in one way

· Slow to update

· Only updateable periodically if needs distribution

· Difficult to back-up

· Results of search need re-writing



	Human memory
	· Variable capacity

· Quick to search info 

· Info can be searched in a number of ways

· Easy to update

· Easy to output results of search

· Portable
	· Unreliable (?)

· Only available to one user (exclusive)

· Difficult to transfer to another


Characteristics of a well designed database

1. Supports known information retrieval needs

You should be able to extract the information that you want, in the layout that you want it, from the data stored in the database.

2. Supports ad hoc information retrieval needs

The data should be stored in a structured way.  It should be organised so that previously unconsidered information requests can be satisfied easily.

3. Ensures that data is not duplicated in the database

Duplicated data should be avoided.  If the same data exists in two areas of the database, it will have to be charged in both areas when it needs updating.  This is likely to encourage errors.

4. Ensures that data is consistent in the database

Duplicated data can result in inconsistency as described above.  Care should also be taken when designing how data will be inputted into the database.  If long phrases have to be typed in, it is likely that errors will be made and data will become inconsistent.  This becomes a problem when you search for data by that phrase and any misspelt occurrences will not be retrieved.

5. Ensures that data is consistent with any rules that apply in the “real world”

If there are limitations on data in the real world these should be built into the database to reduce the occurrence of inaccurate data.  (For example, a mark for a piece of work can only be between 0% and 100%)

6. Is structured to allow for future growth

The database should be designed so that it is easy to modify the structure as necessary or to change the characteristics of existing data.  This ties in closely with no.2 above, since in both cases the more clearly defined the data structure is, the easier it will be to make modifications/additions at a later date.

7. It should be easy to enter and modify data held in the database

The “user-interface” should reflect the way the user behaves in the real world situation, rather than being tied to the way the database is structured; the two are not always the same.  Making the database easy to use will reduce the occurrence of errors in data entry and thus enhance the integrity of the data and the database.

The Design Process

The Design Process (1)

Determining the purpose of the database

The first step in designing a database is to have a clear idea of what the database is for. You need to have a brief statement that sums up the overall purpose of the database, and a list of information requirements (tasks) that the database will meet.

You will need to talk to the people who will be using the database, both in decision-making positions, and those who will use the database on a daily basis. Find out from them what questions the database will need to answer and what reports they will want to produce. Collect examples of currently produced reports and collect any forms that are already used for collecting data.

For example

Overall purpose:

The purpose of a student records database could be summed up as "to maintain the data we need to track students as they progress through their University career".

Specific information requirements:

We need a list of students and their term-time addresses

We need a list of this Dept.'s modules and the students registered on each module

We need to know who a student's tutor is and how to contact them

Please add to this list …

The Design Process (2)

Determining the structure of the database

Having determined what the purpose of the database is, you now need to decide how to structure all the data that you will need to store.
1. Decide on the tables you need to use. You should have one table for each subject or object that the database is storing information about.

For example

Tables needed:
Students




Schools

Please add to this list …

2. Decide on the fields that each table should contain. This is the set of facts about the subject that you want to record.

For example

Fields in the student table:
Student ID no.





Last name

Please add to this list …

Identify a field in each table where the values are unique to each record

For example

In the Student table …

Next you need to determine how the different areas of data relate to each other and to make connections (relationships) between the tables accordingly.

For example

Each student belongs to a Faculty so there needs to be a link (a relationship) between the Student table and the Faculty table

Please add to this list …

Finally, you need to determine any rules that need to be imposed on the data or how the database works. These rules will come from existing rules and regulations, or from examining the way in which the users work.

For example

Students should be registered on no more than x modules

Please add to this list …

The Design Process (3)

Providing ways of inputting data
Your final step is to provide ways for the users of the database to enter data and to make requests for information.

The screens (forms) that the user will see when entering data should include only the fields that are needed for the task in hand. This may include fields from more than one table although this will not necessarily be apparent to the user.

Much of the data you are considering using may already be available in computerised format elsewhere in the University. The new Student Records system will hold data on all students and modules, DCIS hold information on staff, ACS hold information on e-mail addresses and phone numbers. If you want to have access to this data, it may be quicker to transfer from another source, rather than type it all in from scratch. You will need to contact the data holders for further details on what they can make available to you.

Providing ways of outputting data
You can use the task list that you compiled in the first stage of the design process as a guide for designing queries and reports. Any examples of previously used reports will also be useful here.

For example

We need a form for on-screen editing of student term-time addresses

We need a report to print a student's name and School and the modules for which they are registered

Please add to this list …

The Components of a Database

Tables:

Tables are the foundation pieces of a database. A table is a collection of data about a single object or process. For example, a table could include all the data required on contacts you have, or all the data required to complete a registration process.

The data in a table is organised in columns (or fields) and rows (or records).

Each field stores data about a particular aspect of the object. For example, it may be the surname of the contact.
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Each record stores all the data for any one object. For example, each person takes up one record in the table.

	First Name
	Last Name
	Address
	City
	Home Phone
	Work Phone
	Birthdate
	Email Address

	Nancy
	Johnson
	24 Westerby Road
	Birmingham
	(0121) 9524585 
	(0121) 9523211 
	08/04/1972
	nancyd@anywhere.com
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Andrew
	Fuller
	Flat 3, Dinsley House, Malt Street
	Oxford
	(0145) 2565655 
	(0145) 9854565 
	17/06/1961
	andrewf@anywhere.com

	Janet
	Leverling
	35 High Street
	Penzance
	(0189) 3216549 
	(0189) 3695623 
	14/07/1965
	janetl@anywhere.com

	Margaret
	Peacock
	41 Treehill Avenue
	Salisbury
	(0195) 9635621 
	(0195) 6542358 
	14/07/1965
	

	Steven
	Buchanan
	14 Garrett Hill
	London
	(0171) 7894561 
	(0171) 4567891 
	08/12/1970
	steveb@anywhere.com


Data Types:

Fields can contain different types of data. The computer stores the different types of data in different ways, and can perform various tasks with the data according to the data type. Some common data types are given below:

Text

For entering words using letters and some symbols. Typically you cannot use symbols such as / \ . * (these vary depending on the database software you are using).

Memo

For longer text phrases or descriptions.

Number

Numbers. If you want a particular type of number, there are more precise options available (below).

Counter

A number field that automatically increments by one each time you add a new record. This is a good way to make sure that each record has a unique identifier for finding it at a later date.

Yes / No

A true / false value useful for logging whether some criterion has been met (e.g. a report handed in etc).

Currency

Various formats are available for displaying currency values. Calculation erorrs (such as rounding numbers up or down) can be avoided be using this field for accountancy matters.

Dates and Times

Usually stored differently from ordinary numbers. Remember to use the full year in the date (eg 1978 rather than 78) to avoid any Year 2000 problems !

Objects

You can store pictures, sound files and some application files (e.g. Excel) in your database as well as the more conventional text and numbers

Queries (1):

Queries are your tool for viewing, changing, and analysing the data in your tables in a variety of ways. You can use queries to select data from your tables, and to display the data immediately. Or you can use the results of the query as a basis for a report (see below) to enhance the presentation of the information.

A phone & e-mail list

On the right (above) is the design view for a query in MS Access 97. This is where you dictate which fields are of interest and any criteria you wish to include.

The first field on the left is being used as the criterion on which to sort the records in alphabetical order.

On the right (below) is the output of the query above. The fields are in the same order as they were specified in the query design view. The records are ordered alphabetically by Last Name.
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	Last Name
	First Name
	Home Phone
	Work Phone
	Email Address

	Buchanan
	Steven
	(0171) 7894561 
	(0171) 4567891 
	steveb@anywhere.com

	Fuller
	Andrew
	(0145) 2565655 
	(0145) 9854565 
	andrewf@anywhere.com

	Johnson
	Nancy
	(0121) 9524585 
	(0121) 9523211 
	nancyd@anywhere.com

	Leverling
	Janet
	(0189) 3216549 
	(0189) 3695623 
	janetl@anywhere.com

	Peacock
	Margaret
	(0195) 9635621 
	(0195) 6542358 
	


Queries (2):

A birthday list

On the right (above) is the design view for a query in MS Access 97. This is where you dictate which fields are of interest and any criteria you wish to include.

The last two fields on the right are using functions available in Access (Month and Day) to extract the month and day respectively from the Birthdate, and use those factors to sort the information in date order.

On the right (below) is the output of the query above. The fields are in the same order as they were specified in the query design view. The records are ordered by the month and then day to give a calendar of birthdays as they occur through the year.
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	Birthdate
	First Name
	Last Name
	Address
	City

	08/04/1972
	Nancy
	Johnson
	24 Westerby Road
	Birmingham

	17/06/1961
	Andrew
	Fuller
	Flat 3, Dinsley House, Malt Street
	Oxford

	25/06/1964
	Michael
	Hunter
	67 Fairway Crescent
	Sheffield

	14/07/1965
	Janet
	Leverling
	35 High Street
	Penzance

	14/07/1965
	Margaret
	Peacock
	41 Treehill Avenue
	Salisbury

	08/12/1970
	Steven
	Buchanan
	14 Garrett Hill
	London


Reports:

A report is a method of presenting your information in a printed format. You can display the information in the way that you want it, and add grouping levels and summaries for your presentation.

The report shown below is based on the query above designed to extract data on birthdays, and to list them in calendar order. Here that information is presented in a manner that is easier to understand and more pleasing to the eye.

Birthday List


	Month
	Birthday
	Name
	Address
	City

	April
	08/04/1972
	Nancy
	Johnson
	24 Westerby Road
	Birmingham

	June
	17/06/1961
	Andrew
	Fuller
	Flat 3, Dinsley House, Malt Street
	Oxford

	
	25/06/1964
	Michael
	Hunter
	67 Fairway Crescent
	Sheffield

	July
	14/07/1965
	Margaret
	Peacock
	41 Treehill Avenue
	Salisbury

	
	14/07/1965
	Janet
	Leverling
	35 High Street
	Penzance

	December
	08/12/1970
	Steven
	Buchanan
	14 Garrett Hill
	London


Forms:

Forms are most commonly used to create a "user-friendly" interface with the database. Rather than the user having to work with the tables themselves when entering data, a form can be used to present the fields necessary to the user. This helps to ensure that these can be filled in with the minimum number of errors since a form is easier to look at. Because a form is displaying current data, it can be used as a method of making viewing data easier. If necessary, you can prevent users from changing the data that the form displays.

A form can include different combinations of fields depending on the function to be performed. For example, you could have a form for viewing address information, and a separate form for entering a new contact, even though the information is in the same table. A form does not have to be tied to any one table. You can give access to view or to change data in a number of tables through one form.

Below is an example of a form that allows data entry into the contacts database:


Relationships between tables:

It is recommended practice to divide your data into separate tables, with each table representing just one subject. This helps with maintaining accurate data in a flexible database. For example, in a video collection database you may want to store information about the videotapes separately from the information about the recordings you have made on those tapes, and information about the actors in each recording separately from the recordings themselves. This would give you three separate tables of data - videotapes, recordings, and actors. When you come to retrieving your data, however, you need a way of linking all that data together again - this is what the relationships between your tables do.

The relationships between the tables could be represented as shown below …
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Note that each table has a field with a unique code for each record in the table.
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A column is known as a field





A row is known as a record
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