Designing Databases for Biological Research

NR 385

University of Vermont

Rubenstein School of Environment and Natural Resources

Week 1, Part 2: September 13, 2008
1. Bird Point Count Database Design (1:00 – 2:30)

a. Basics of the research project

i. Locations are spread throughout Vermont, and three counts (visits) are conducted at each location.  These counts are not necessarily on the same day (although they are in the sample data).
ii. At each visit, an observer listens and looks for birds for 10 minutes.
1. Records minute of detection, species (4-letter code), and visual (including flyover) or auditory (song or call) detection.
a. Really only interested if detections are visual or auditory

b. Will exclude flyovers

2. Records start time, weather, and date, habitat, and coordinates.
a. Wind conditions are 0 = Calm, 1 = Very light, 2 = Light breeze, can feel on face, 3 = Gentle breeze, leaves and twigs move, 4 = Moderate breeze, raises loose paper.

b. Sky conditions are 0 = Clear, 1 = Partly cloudy, 2 = Cloudy, 3 = Fog, 4 = Drizzle or light rain.

c. The habitat information is percent forest, percent grassland, and percent developed habitat within 300 meters of the point count location.

d. X Coordinate ranges between 420000 and 520000

e. Y Coordinate ranges between 120000 and 240000

iii. Download the “Bird Data” spreadsheet to get a feel for what the data looks like.

b. Design database tables

i. Download the “Bird Point Counts” spreadsheet from the class website.  Look at the “Overview” sheet, which lists the information collected by the study.  

ii. Think about how these pieces of data are related to each other.  What tables make logical sense?  What data should go into each table?
1. Should end up with four tables: tlu_Species (containing bird codes and common names), tbl_Locations (Coordinates and habitat information), tbl_Visits (Time, date, weather conditions), and tbl_Observations (Count time, species, visual/auditory).  
iii. Now consider how the tables are inter-related.  Consider each possible pairing of tables, and think about whether the data are directly related.  Fill in the type of relationship needed, and the field(s) that serve as the keys linking the tables.  If the relationship is one to many, make sure to identify which side is the “many” side.
1. Once everyone has had a chance to work on this, compare notes.

2. Relationships: tlu_Species (1) to tbl_Observations (Many), link on Species_ID to Species_IDF; tbl_Locations (1) to tbl_Visits (Many), link on Location_ID to Location_IDF; tbl_Visits (1) to tbl_Observations (Many), link on Visit_ID to Visit_IDF.
iv. Now consider the first table, thinking about the table as a whole and the fields that comprise it.
1. Table Name: Is the name you chose consistent with naming conventions?  Does the name make logical sense? Did you use a reserved word as the name?

2. Table Description: Write a brief (one sentence or sentence fragment) description of this table’s contents.

3. Table Relationships: Copy the information from the Overview page.  Include the type of relationship and the linking field(s).

4. Skip the next four questions for now.

v. Continue by further defining the fields for the first table.

1. Table Fields: What fields are included in this table?  Choose a name for each field.  Are the names consistent with naming conventions?  Do the names make logical sense?  Did you use any reserved words as a field name?

2. Write a brief description of the contents of each field.

3. What is the best data type for each field?

4. Are there any constraints that should be applied to any of the fields?  

a. For text fields:

i. How many characters?

ii. Any input formatting (e.g., all uppercase, or a standardized sequence of numbers and letters such as 3 uppercase letters followed by 2 digits)?

iii. Are there only a few possible values, or a set of possible values?

b. For numerical fields:

i. Minimum?

ii. Maximum?

iii. Other values not allowed?
vi. Now consider the four questions near the top of the template.

1. Is there a primary key?  You should always include a primary key; the only exception is small lookup tables that are used for data validation, but even then a primary key won’t hurt!

2. Is any data duplicated?  In other words, are there any fields where the value is determined by the contents of any field other than the primary key?

3. Are there any field groups?  These are fields that are related, such as listing species detected in separate fields labeled Species1… Species10.  This structure is difficult to query and inflexible (e.g., what if you detect 11 species?), and should normally be converted into a separate table.
4. Are there any rules that apply to fields in this table?  Rules are essentially constraints that depend on values in more than one field.  For example, a possible rule for the bird count database is that sites cannot be within 500 m of each other (because of the risk of double-sampling the same individuals).  Another potential rule would be ensuring that counts are conducted within three hours of sunrise (depends on date and time, and possibly coordinates if the study area is large).

vii. Repeat the previous two steps for the other three tables.

c. Database Design Studio

i. There is a program called Database Design Studio Lite (DDS-Lite) that provides graphical tools for laying out tables and relationships, and facilitates documenting your database.
ii. The program will create databases in a variety of formats, including Access, SQL, DB2, Oracle, and others.  

iii. Available from http://www.dds-lite.com; about $50 for an educational license.

iv. Has not been updated since 2005, so will not support Access 2007 at this time.

2. BREAK (2:30 – 2:40)

3. Build tables in Access (2:40 – 3:25)

a. Create a database

i. Open Access, and select “Blank Database” on the Getting started screen.
ii. Enter a name (Bird_Counts) and select a location to save your database on the right side of the screen, and click “Create”.

iii. The database will open to a new blank table.

1. While this view will allow you to create fields, it will not allow you to work with them effectively.

2. It is much better to open the table in Design view, and work from there.

b. Create the tables
i. Right-click on Table1 and click “Design View”.

ii. You’ll be prompted to provide a new table name; use tlu_Species.

iii. Note that a field is already created, and assigned as the primary key.

iv. Change the field name for the primary key, and change the data type if needed, and enter the description for the field.
v. Depending on how you get to table design view for a new table, Access 2007 may or may not already have set the first field as a primary key.  If Access 2007 did not automatically set a primary key, or if for some reason you don’t want a primary key, or if you want a multi-field primary key, you can toggle the primary key.

1. Right-click next to the appropriate field and select “Primary Key”.
2. To designate a multiple-field primary key, left click and drag over multiple fields, then select Design… Tools… Primary Key.

vi. Assign field properties in the bottom portion of the design view.  If you are not sure what a property does, check the information pane (bottom right quadrant of the table) or the Access help documentation (press F1 while the cursor is in a property row).  Note that the available properties vary depending on the type of field.  Click on each field in turn at the top of the design view, and set the appropriate properties for the field.
1. Field Size: For text fields, this is the number of characters.  For numbers, it is the type of number field.
2. Format: This property controls the way information is displayed, and NOT the way it is entered or stored.  For example, a “>” means that text will be displayed as uppercase, even if the actual data is not uppercase.  Number, Currency, and Date/Time fields have numerous pre-defined formats.
3. Input Mask: An input mask controls how data is entered and stored.  For example, a “>” in this property will force the data to be stored uppercase, even if it is typed in lowercase.
a. Note that “>” alone is not sufficient for an input mask; you would need to specify the number and type of characters using appropriate symbols.

b. Press F1 with your cursor in the Input Mask field, and use the help to figure out how to set an input mask to ensure that 4-character bird codes are all uppercase.
i. The correct syntax is >LLLL

4. Caption: If you enter a caption, it will be used by the form wizard as the label for the field.
5. Default Value: If you want a default value to be automatically entered into the table when a new record is started, enter the value here.
a. Think carefully before using default values in a research database.  Because default values do not need to be actively entered, it is not possible to tell whether the value was accidentally left at the default value.

6. Validation Rule: The validation rule is the constraint for the field (if the constraint is not a field size, like number of characters).
7. Validation Text: The validation text is the contents of the error message that appears when the validation rule is not met.
8. Required: Controls whether the field can remain blank (“null”).  If you want to ensure that a field is always entered, make it required.  This can be a useful way of ensuring that all essential data is entered for each record.
9. Indexed: The default for most field types is “No”; indexes take up file space, but also speed up queries and sorting.  The other options for this property are “Yes, duplicates OK”, and “Yes, no duplicates”.  The former should be used when multiple records might have the same contents, and the latter is very useful for primary keys.
10. Decimal Places (Numbers): Number of decimal places.
11. New Values (AutoNumbers): Controls whether an AutoNumber field uses consecutive numbers or random numbers.
vii. Difference between a format and an input mask

1. Telephone numbers serve as a good example of the difference between a format and an input mask.
2. Create a phone number field on the table.  Make it a text field.

3. Enter an input mask.  The phone number should look like: (###) ###-####.

a. An input mask has three parts, each separated by a semicolon: the mask, a switch determining whether what you see on the screen is saved or only the characters you type (0 = screen, 1 = typed), and a character that will display where something should be typed.

b. For the new field, use the following input mask: (000) 000-0000;1;_

c. Note that Access will modify the mask slightly after it is entered; don’t worry about this.

d. Save the table, switch to edit view, and enter a phone number.
e. Switch back to design view, and change the 1 to a 0, and change the underscore to a different character.

f. Save the table, switch to edit view, and enter a phone number.

g. Now go back to design view and delete the input mask.  Save the table and return to edit view.  Note how the different numbers have been stored.

h. Go back to design view, and enter a format: (@@@) @@@-@@@@
i. Save the table and switch to the edit view.  Notice how the format affects the way the data is displayed.

4. Delete the phone number field.

viii. Notice that the bottom of the table design view window has a tab called “Lookup”.  This tab has properties useful for establishing lookup lists (sets of accepted values) for number or text fields.  These same properties are used when setting lookup lists on forms, and we’ll review them now and work with them when we start making forms.
1. Display Control: The default is “Text Box”, which does not allow for lookup functionality.  Other options are “List Box,” which only allows entry of items on the list, and “Combo Box,” which can allow entry of items off of the list.

2. Row Source Type: Where does the information come from? “Table/Query” means that the information for the list is pulled from a table or query, and this is the most common data source.  “Value List” means that you type in a list of possible values, separated by semicolons, in the Row Source box.  This type of source is not recommended because it can be difficult to find the lookup information in a large database.  “Field List” means the information for the lookup comes from the field names for a table.

3. Row Source: The table, query, or list of values for the lookup.

4. Bound Column: In some situations, a lookup may contain multiple columns of information (e.g., bird code and common name).  This property determines which column of the lookup contains the information that is actually stored.
5. Column Count: The number of columns to display in the lookup.
6. Column Heads: Whether or not field names are displayed in the lookup.
7. Column Widths: The width of each column, in inches, if there are multiple columns.  

a. Note that in some situations you may want to record data whose value is not obvious, while displaying a more meaningful representation of the data (e.g., an AutoNumber primary key that corresponds to a bird common name).  In this case, if the key is column 1 and the common name is column 2 in a table, you would set the following properties:
i. Bound Column = 1

ii. Column Count = 2

iii. Column Widths = 0;1

b. These properties will lead to the key being stored, even though the user sees only the common name.

8. Allow Multiple Values: Access 2007 allows you to select multiple items in a list or combo box.  This is not possible in earlier versions of Access.

9. List Rows (Combo only): Number of rows that will be displayed.
10. List Width (Combo only): Width of the lookup data.
11. Limit to List (Combo only): Prevents the user from entering a value that is not on the list.
ix. On the right side of the table design view is the property sheet for the whole table.  

1. One of the fields is Description… enter this from your spreadsheet.

2. Many of the properties here are related to displaying sub-datasheets.  

a. For example, you could display the information from tbl_Observation that match a record of tbl_Visit, and control whether the subdata is expanded when the table opens.
3. Order By allows you to select a sort order for records based on one or more fields

4. Validation Rule lets you enter rules based on multiple fields in the table.

x. Finish entering the fields and setting general and lookup properties for the first table.
xi. Continue with the other three tables.  Create a new table using Create… Table Design.
1. Make sure to set all field constraints.

a. For Date/Time fields, put the dates or times within “#” signs (e.g., “> #4 AM#”).  The # forces Access to convert anything that looks like a time or date to the format that Access uses for times and dates.
2. Set the rule for tbl_Locations habitat fields.

a. Click the “…” in the Validation Rule setting on the Property Sheet.

b. Double-click on fields and single-click on symbols to create the expression: [Forest] + [Grassland] + [Developed] <= 100

4. File sizes and compressing a database

a. As you work with the design of your database, you will notice that the size of your database gets larger.  A significant fraction of this space is temporary objects that are created during the design process.

b. You should regularly compact your database (Office Button… Manage… Compact and Repair) to remove these temporary objects.

c. You can set the database to automatically compact when you close it (Office Button… Access Options… Current Database… Application Options… Compact on Close).

d. Many people recommend compacting twice, since the first pass does not always remove all temporary objects (some are simply marked for subsequent deletion).  This is generally not needed unless you are working with the design of a replicated database (multiple database copies that you are synchronizing periodically).  

5. Create relationships (3:25 – 3:30)
a. Why create relationships?

i. An essential part of a relational database; relationships tell the database how the tables are connected.

ii. Establishing relationships now will also assist with form and query design, since Access will be able to make connections between tables automatically.

b. Click on the Relationships icon in Database Tools (in the Show/Hide section).

c. You should see a dialog box asking you to select tables (if not, right-click and choose “Show table”).

d. Select each table and click Add.  Note that it is possible to add multiple copies of a table… make sure to just add one copy.  Any extraneous tables can be removed by right-clicking on the table and selecting “Hide Table.”

e. Click “Close” when you are done adding tables.

f. Now create your relationships.  Refer to your database documentation if you need to see which tables are linked and what the primary key fields are.

i. Click and hold the left mouse button over one of the key fields in one of the tables, and drag to the matching key in the second table, then let go of the left button.

ii. The “Edit Relationships” dialog box will open.

iii. What should the settings be here?

1. Verify the join type.

2. Check “Enforce Referential Integrity”

3. Keep the default join type

iv. Click “Create.”
v. Continue with the other relationships in this database.

6. Import data (3:40 – 3:50)
a. Review the data spreadsheet again (“Bird Data.xls”).
i. Notice the types of data in each column.  Do the data types match the types we created in the database?  Can you tell what field in your database each column refers to?

1. Observer is not needed

2. Time looks odd… but this is formatting, not the underlying values.

3. Time Detect ranges from 0 to 1100, while we were expecting 0 to 11.
4. How Detect is V (Visual), F (Flyover), S (Song), or C (Call); V corresponds to Visual, S and C are Auditory detections, and F data should be deleted.

5. Count is 1, 2, or “Tape”, instead of purely numeric.

ii. Close the spreadsheet.
b. Import the data into a temporary table.

i. In your Access database, choose External Data… Import… Excel.

ii. Browse to locate the worksheet, and select “Import the source data into a new table…”
iii. Click OK to start the import spreadsheet wizard.

iv. There is only one worksheet, so click “Next.”

v. Make sure the box for “First row contains column headings” is checked, and click “Next.”

vi. Stick with the default data types the wizard has selected, and click “Next.”

vii. Allow Access to add a primary key, and click “Next.”
viii. Name your table tbl_Raw_Data and click “Finish.”

ix. Click “Close.”

7. Using queries to fill database tables (3:50 – 5:00)

a. We will use queries to move data into the appropriate table.  The procedure will be to develop a “Select” query that contains the data for the table, and convert the query to an “Append” query that will add the rows to our table when it is run.

b. Import data into tlu_Species

i. Create a blank query window by choosing Create… Other… Query Design

ii. In the Show Table dialog, choose “tbl_Raw_Data.”  Click “Add”, then “Close.”
iii. What fields to we need to work with?

1. Species and Common Name

iv. Use the scroll bar in the window labeled “tbl_Raw_Data” until the fields you want come into view.  Double click on each field; they will appear in the bottom half of the query design window.

v. Click the “View” icon to see the results of your query so far.  There are over 600 rows, and many duplicate entries.

vi. How do we get rid of duplicates?

1. Go back into design view.

2. Click the large sigma sign (Totals) in the Show/Hide section of the Design menu; notice this adds a line to your query grid called “Total.”  The “Group By” under each field means that only unique values will be displayed.
3. Return to the datasheet view; now you only have 71 rows, and they are all unique.

vii. Now that you have the correct results, click “Append” in the Query Type section of the Design menu.  Select tlu_Species in the Table Name dialog, and click “OK”.

viii. Notice that this adds an “Append to” row to your query.  In this row, select the appropriate field in tlu_Species for the raw data.

ix. Choose Design… Results… Run (the icon with the exclamation point) to run your query.  Say OK to the message.

x. Go to tlu_Species to view the results.

xi. Save the query as qry_Import_Species_Data
c. Import data into tbl_Locations

i. Create a new query based on tbl_Raw_Data, and add the appropriate fields to your query grid.

ii. What fields should you use?

1. Site_Station, X_Coord, Y_Coord, Forest, Grassland, Developed

iii. Convert this to an append query, and match the fields in tbl_Location to the fields in the query.  Note that Access makes some suggestions for you.
iv. Are there going to be any problems with incompatible field types?

1. What do you think would happen if “Location_ID” was a numerical field?

a. You would get a warning message, and all the other data will be imported if you don’t cancel the query; Location_ID would be empty.

b. Since Location_ID is the primary key, though, only the first row of data would actually import.

v. Don’t forget to use “Totals” to group the query into unique rows.

1. What would happen if you did not use “Totals”?

2. Try it and see!

3. In this case, you are safe because Access will not allow you to duplicate the primary key, and the extra rows are not allowed to import.  If you had not set your primary key, then all the rows would have been imported and you would have had duplicate data.

vi. Finish the query, and append the rows.  Save the query as qry_Import_Locations_Data

d. Import data into tbl_Visits
i. Create a new query based on tbl_Raw_Data, and add the appropriate rows to your query grid.

ii. What fields should you use?

1. Site_Station, Count, Date, Time, Wind, Sky

iii. Will there be any data type mis-matches?

1. Counts in tbl_Raw_Data are 1, 2, and Tape instead of 1, 2, and 3.

2. Tape needs to be converted to a 3!

iv. Convert the Count field

1. It is possible to enter functions and do calculations using the “Field” row in the query design window.  The format is: FieldName: Calculation.

2. You need to use a new field name, so just type “Count_New:” where “Count” is displayed.

3. After the colon, add a space and the following formula:

a. Iif(count = “Tape”,3,count)

b. You have used an “if” statement to change the data if a certain condition was met (and I have no idea why Access uses “iif” instead of “if”!).

c. The condition is count = “Tape”

d. The value to use if the condition is met is the number 3.

e. The value to use if the condition is not met is the existing value for the field “count”.

f. Check the datasheet view to see the result of your expression.

v. Finish the query and run it… don’t forget to group the records.  You should add 69 rows to tbl_Visit.

1. What would have happened if you had not grouped the data?

2. In this case, all the data would have been imported, with many duplicate records.  That is because the primary key is not in the query; it is being generated as data is imported.

vi. Save the query as qry_Import_Visits_Data.

e. You could also have fixed the problem with the “Count” field using an Update Query, which alters data within a table.  Because we will need to have this updated when we import data to tbl_Observations, let’s go ahead and try this type of query.

i. Create a new query, using tbl_Raw_Data.

ii. Change the query type to “Update”, and note the new row in the design view labeled “Update To”.

iii. Add Count to the query grid

iv. Type “Tape” in the Criteria field.  The criteria field limits the query results to only rows where the field equals the criteria.

v. In the “Update To:” field, type “3”.  All rows selected by the query will have “Count” updated to “3”.

vi. Run the query, and check tbl_Raw_Data to see the results.

vii. What would happen if you tried to run this query again?

1. Nothing!  There are no records that meet the criteria you have set.

viii. Save the query as qry_Update_Count.

f. Import data into tbl_Observations

i. Use what you have learned so far to select the appropriate fields.

1. Species, Time Detect, How Detect

ii. You will need to write expressions to convert the “Time Detect” and “How Detect” fields.

1. For Time Detect

a. TimeDetect: [Time Detect]/100
2. For How Detect

a. HowDetect: IIf([How Detect]="C" Or [How Detect]="S" Or [How Detect]="D","A","V")
3. Note that you must use brackets around the field names here, because the names have spaces in them.

4. Note also that if Detection method is a yes/no field, you would change the expression to:

a. HowDetect: IIf([How Detect]="C" Or [How Detect]="S" Or [How Detect]="D",Yes,No)
5. When working with expressions, it is always a good idea to verify your calculations.  It may help to add the original fields back to the query grid so that you can compare the results in datasheet view.

iii. We need to exclude Flyovers (detection = “F”).

1. Add How Detect to the query, and type <> “F” in the Criteria row

iv. What is missing?

1. We need to add the foreign key, Visit_IDF.

v. Adding the foreign key in is going to be more complex in this case.  You want to add the Visit_ID to the Visit_IDF field, but there is no single unique field that links tbl_Observations with tbl_Visit, because the Visit_ID was created in the import process.

vi. How do we get the correct visit number to link with tbl_Observations?

1. Right-click next to tbl_Raw_Data, and select “Show Table”.

2. Add tbl_Visit.

a. Switch to the datasheet view.

b. If we don’t create a relationship, we end up with 43056 rows instead of 624.  Why?

c. Access doesn’t know how to relate the tables, so it creates a set of 624 survey rows for each possible Visit_ID… definitely not what we want!

3. You can create a relationship in a query just like you can create it in the relationships window.  In a query, this creates a transient relationship that is only valid for the query.

4. What combination of fields uniquely determines the correct Visit_ID?

a. The Visit_ID is unique for each unique set of Site and Count values.

5. Create these relationships between the two tables.

6. Now double-click on “Visit_ID” from tbl_Visit to add it to your query.  Go to the datasheet view to see what this looks like.
7. What’s wrong?

a. You got an error: “Type Mismatch in Expression”.  What does this mean?

b. The expression you are writing is a SQL query.  “Type Mismatch” means that two fields that should be the same data type actually have different data types.  The only place this can happen is where you have linked fields; in this case the Count field is numerical in tbl_Observations and text in tbl_Raw_Data.

c. Save the query as qry_Import_Observations_Data, and open the design of tbl_Raw_Data.

d. Change the Count field to Number, Byte.

e. Save and close tbl_Raw_Data.
8. Now go back to qry_Import_Observations_Data, and run the query.  This time the query opens, and has 624 rows.

9. Change it to an Append query, select tbl_Observations, and match the fields.  Then run the query.  Don’t forget to save the changes to your query.

g. Check your data import

i. We’ve now finished importing the data, but we want to verify that the data was imported correctly.

ii. Create a new select query that recreates the data in tbl_Raw_Data

1. Start a new query, and add all four tables (other than tbl_Raw_Data).

2. Note that the relationships automatically display in the query design view.

3. Add sufficient fields to verify that your import matches the raw data.

a. What fields?

b. Try Location_ID, Coordinates, Visit Time and Date, Count, Species_ID, Common Name, Minute.  

c. The idea is to get fields from each table, and enough fields to be able to identify a row of raw data.

iii. Now create another select query, using tbl_Raw_Data, but with the same data, and exclude rows where Detection = “F”, and switch to the data view.

iv. Move fields around on both queries so that the fields appear in the same order, and sort the queries on all fields (highlight all columns and choose Home… Sort & Filter… AZ; exclude the ID field from tbl_Raw_Data).  Scroll through both windows, and verify that the same data appears in both.  It may help to select a random row from one query, and then find the same row in the other query (use the record numbers at the bottom of each window).
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