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Use of a Personal Digital Assistant (PDA) with a Global Positioning System (GPS) unit in village household survey
An interviewer conducts interviews using a questionnaire loaded on a preprogrammed personal digital assistant (PDA). He has already used the PDA, which was provided to him equipped with a global positioning system (GPS) unit, to help map the households in the village and obtain a random sample. The PDA has also helped him navigate back to the house.

The vision

Conduct a survey using preprogrammed PDAs with GPS units to: 
• Rapidly map all household units in the enumeration area (EA)

• Map other features of interest

• Choose a statistically valid sample of households

• Navigate back to the households chosen for the sample

• Conduct an interview tailored to the respondent (preprogrammed skip patterns) and enter data that is checked as it is entered

• Safely store the data

• Send data to a laptop or desktop PC for rapid aggregation and rapid preliminary analyses

• Provide data for spatial analyses
Conducting surveys with a PDA with a GPS unit

Conducting a survey in the developing world can require great effort or considerable compromise. The survey process—from creating a sample to producing final analyses—can easily be filled with problems and delays. Use of preprogrammed PDAs with GPS units can help overcome many of these barriers.
GPS description
The GPS program was developed for collecting coordinates of houses (further referred to as points), drawing a random sample of those points, and navigating back to the selected points. The program has 4 main components (Collect, Send/Receive, Select, and Navigate) and several additional tools and utilities (e.g. Map Navigation and Export and Run). These components and tools can be accessed from the main screen. The main screen appears on startup, and can be returned to at any time from any of the other screens. 
The following section will describe each of these components in more detail.
Main screen
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Main Screen: Main tasks

Main Screen: Additional tasks

Parts of the Screen: 
1. Collecting data and GPS coordinate using the “Collect” button 

2. Joining data and GPS coordinates from another PDA, using the “Send/Receive” button

3. Selecting a random sample of data points using the “Select” button 

4. Navigating to selected points using the “Navigate” button 

5. Exporting the list of selected households to the questionnaire so the households appear in the dropdown menu during the interview using the “Export and Run” button.
Collecting
Barrier: At the village level, household-level maps rarely exist to facilitate within-village sampling. Creation of even sketch maps has been a laborious process. The time involved in walking through a village and producing a list of households and/or a sketch map is usually beyond the means of all but the best-funded survey teams.

With a PDA, we use a CompactFlash card–based global positioning system (CF-GPS) to obtain the longitude, latitude, and altitude of the households that we wish to map. To make this a fast process, we limit the information collected about the mapped household to only three data fields: two ID fields (usually a village and household number that are automatically assigned and carried forward), and a comment field. Because the GPS data will be used to navigate back to a household selected for the sample, the comment field should provide definitive descriptive information (e.g., the household with the animal pen, or the house in the middle) in case multiple households are close together.
Collect screen
[image: image9.png]Collect
‘Send/Receive
Navigate Navigate
Remove  »
Backup »
Join/Restore
Select

Reset Device
Language ¥ | 2051 Oasbe 03, 2007





This screen is accessed by selecting the “Collect” button from the main screen. The primary functions of this screen are data entry and collection of GPS coordinates.
Parts of the screen:

1. Village Name/EA: text edit box for the location other identifier where points are collected. 

2. House number: numeric edit box for creating a numeric id for each data point collected. The value will automatically increment by 1 after saving each data point. The numeric value does not have any special meaning and can be repeated. If this field is left blank the value “1” will be entered when saving.
3. last + 1 : extracts the last added “House Number” from existing set of points, adds 1 and set this value to “House Number” edit box. This is useful if you close the program and want to continue where you left off before closing.

4. Status: shows the current GPS coordinates and the quality of the GPS signal. A color/shape indicator shows the current state of the GPS signal. Clicking on the symbol will give a detailed description of the GPS signal. The different shape/color codings are indicated below: 

a. Black circle – no GPS unit connected

b. Red circle – GPS connected, no signal obtained

c. Purple, yellow, yellow-green circles – coordinates are available but with bad quality 

d. Green circle – good GPS signal

e. Green square – the signal has best possible accuracy

5. Comment: text edit box for a description of the data point. 

6. Undo button: This button will allow you to delete the last saved point.

7. Save: This button saves entered data and GPS coordinates into database. If there is no GPS signal present or the signal quality is bad, a warning message will appear ad ask you to try to save the data point again.

8. Exclude point from sampling: Allows you to save information on points of interest (called POI in this manual) for navigational or other purposes. When you save the data point, it will be excluded from “Selection” and not be included in the random sampling procedure.

The program allows more than one person to work on mapping a village. Files can be sent from one PDA to another via infrared beaming, and thus the individual map files can be combined afterward to form a map of the entire village. The program can also detect duplicate map points should two or more people map the same household.

Collecting limited data at the mapping stage allows the process to be conducted quickly— with usually only one minute spent at each household collecting data.

Two people can usually map a village in a few hours, leaving the afternoon for interviewing the households chosen for the sample.

Send/Receive screen
This screen is accessed by selecting the “Send/Receive” button from the main screen. The primary functions of this screen are to transfer and receive data from another PDA using GPS. The GPS program transfers data using the infrared port and combines the transferred data with the current database.
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The signal icon to the left of the “Send/Receive” button on the main screen can be used to determine if the infrared beam function is active on both PDAs. The icon becomes colorful when another infrared device, not necessary PDA, is detected.

Appearance of Send/Receive screen without/with other infrared devices detected:
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No infrared device detected (grey text)    Another infrared device detected (bold text)
To transfer data between PDAs: the receiver must press the “Receive” button before the transmitter presses “Send” button. Transfer process will start automatically after pressing these buttons.
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 Transfer progress is shown

      Screen after successful transferring
Sampling/Selecting
Barrier: Lack of maps at the village level typically results in statistical challenges. A good statistical sample requires a complete list of households in a survey area. Because it is time-consuming to compile this list, some surveys opt for a pseudo-statistical sampling procedure, which greatly limits the scientific utility of the survey. Such a procedure typically used begins with selecting households in the centre of the village and choosing subsequent households by spinning a bottle, which may result in inaccurate sample estimates because the survey team does not know how many households are in the village. Therefore, if the sampling fraction is unknown, valid projections cannot be made.

The GPS mapping/sampling program solves this problem. The number of households is known, and during the mapping process, a random number is assigned to each household in the background (not visible to the mapper). This allows a simple random sample or a statistically valid cluster sample (a random segment of households) to be selected. The user simply tells the program how many households need to be interviewed and whether a simple random sample (the default) or a cluster sample of households is to be chosen. The user then selects a number of replacement households that could replace primary sample households if no one is at home. These households are marked with the symbol (+) to distinguish them from primary sample households.

Note: This software could easily be used for lot quality assurance surveys, which require a simple random sample, a requirement often violated in practice.
Selection screen
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This screen is accessed by selecting the “Select” button from the main screen. The primary function of this screen is to select a random sample of points from all valid points in the database. 

Parts of the screen:

1. Valid records: total number of records included in the selection of a random sample (points with valid coordinates and not labeled as a POI)

2. Random records: total number of records selected for the primary random sample.

3. Additional records: total number of records selected for multi-study sampling with different sample size requirements. You will not be using this feature.
4. Alternates: total number of records selected as spares for random sampling. They can be used as alternates when the primary selected points may be unavailable.

5. Select: selects a sample based on the parameters entered and returns to the main menu.

Navigating

After the desired number of sample households is chosen, their location information, with the comment field and their primary/replacement sample status, is passed to a navigation program that works much like that of any GPS unit. The interviewer can then navigate back to the households selected for the sample with the three pieces of information shown on the PDA: distance, compass direction, and comment for each sample household.

Navigation screen
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This screen is accessed by selecting the “Navigate” button from the main screen. The primary function of this screen is to use GPS to navigate and locate the sampled data points. The GPS program provides an electronic compass, list of selected points and an information display on the selected coordinates.

Parts of the screen:

1. Compass emulator: The Compass only works while moving. Compass arrow points to true north. If a point is selected in Navigation list [4], and the GPS signal is good [5], a blue circle will appear around the compass showing the relative direction of the selected point.

2. Distance: Shows the distance from the current position to the selected point when GPS signal is good.

3. GPS Information Box: displays additional information about current course and coordinates.

4. Navigation list: displays the current list of data points.  Each point displays whether it is selected (*), Alternate (x) or additional (+); the house number; the description comment entered; Village Name, and distance to the point from the current location. 

5. Status: shows the current GPS coordinates and the quality of the GPS signal. A color/shape indicator shows the current state of the GPS signal. Clicking on the symbol will give a detailed description of the GPS signal. The different shape/color codings are indicated below: 

a. Black circle – no GPS unit connected

b. Red circle – GPS connected, no signal obtained

c. Purple, yellow, yellow-green circles – coordinates are available but with bad quality 

d. Green circle – good GPS signal

e. Green square – the signal has best possible accuracy

Notes: 
1. If new points were added since the last selection, a warning message will appear with suggestion to make a new selection before opening this screen.

2. The menu at the bottom of the screen gives several additional functionalities. 

a. “Map” switches navigation to a graphics mode

b. “Sort” sorts the navigation list items either by village name and house number or by distance.
3. Mark As Processed: After tapping and holding the stylus on an item in the list a submenu will appear with the option to mark the point as processed and remove it from the navigation list. 
4. Questionnaire: After tapping and holding the stylus on an item in the list a submenu will appear with the option to proceed to the questionnaire to begin the survey for this navigated point.
Map navigation screen
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This screen is accessed by selecting the “Map” menu item from the Navigation screen. The primary function of this screen is to provide a visual map of the points in the Navigation list relative to the current position. 

Parts of screen:

1. Status string which contains the distance to the selected point from current position or the interval if the user is in measure interval mode

2. Current zoom value.

3. Red Arrow denotes “You are Here”. It is the actual position of the PDA on the Map.

4. Position of points from the Navigation list. 

5. Position of selected point (highlighted in red).

Menu items:

6. Return to Navigation screen

7. Zoom in

8. Zoom out

9. Zoom to initial size, where all points are visible

10. Pan mode, tap and move stylus to move map in this direction

11. Measure interval, tap and move stylus will show a black line and calculate the distance of the line (interval between the initial and final position of the stylus).

12. Fixed position mode, current position (red arrow) is fixed in the lower part of the screen and the map rotates and moves to adjust according to the current course and movement (herein Auto Map Mode).

13. When not in Auto Map Mode, the map moves such that the actual position will be in the center of the screen.

14. GPS Indicator Status: shows the current quality of the GPS signal. A color/shape indicator shows the current state of the GPS signal. For details see the description in the section “collect screen” number 4.
Tap and hold the stylus anywhere on the screen and a menu pops up. The 1st item in the menu will either show coordinates if there are no points in the current vicinity with all other menu items grayed or the name of the points and other menu items available. 

Interviewing

Barrier: Typically, surveys require fairly intensive interviewer training. Among other topics, interviewers must be trained to properly follow the skip patterns in the questionnaire. With the use of a PDA-based system, skip patterns are handled automatically by the software so that the interviewer is only allowed to ask the respondent appropriate questions. The process of skipping questions is completely automatic. Training is much simpler and faster than training for many paper questionnaires because all that is required is to tell the interviewers that skips will be taken care of automatically by the PDA.

We make PDA use as easy as possible by removing or locking down as many unneeded features. Most segments of the mapping, navigating, and interviewing require only the push of a button or the tap of the stylus on the screen. We have found that interviewers are eager to use this new technology and gain a sense of pride from using the PDAs.
Data entry, analysis, and reporting

Barrier: With paper-based questionnaires, data entry is time-consuming and expensive. A data entry system has to be set up, and personnel have to be hired and trained. The job is repetitive, and the process is filled with opportunities for errors, even with double entry systems (e.g., lost forms, conspiring data entry personnel). Additionally, data entry often takes place a substantial distance from where the data were collected, and thus, when the need to field verify information or interpret handwriting inevitably occurs, further delays are the result. A substantial amount of time can elapse between the time that data are collected and the time that they are available to the researcher.

PDA-based data collection offers the advantage of allowing sophisticated data checking to occur at the point of data collection. While data collected via PDA are not guaranteed to be perfect, tools are incorporated to minimize data entry errors. The PDA data entry software employs simple devices to promote quality data collection, such as checks of the use of radio buttons and check boxes, range checks, and data consistency checks. A field supervisor can much more easily review all of the interviewer’s efforts and perform tabulations and listings in the field to assess data quality. Data from all of the field interviewers can be aggregated into a single database, usually within hours. This allows a preliminary report of survey findings to be completed within a few days after completion of the survey. This report, if desired, can include a map of each district sampled, showing all of the households in the village by their sample inclusion status. Use of standardized interview questionnaires will allow the development of a standardized reporting module using a shareware product (e.g., EpiInfo2002). This will allow even more rapid production of preliminary reports.
Spatial Analysis ‑ The location information from the mapping program is easily exported to virtually any geographic information system (GIS) program. The mapping database contains the latitude, longitude, altitude, the village ID, the household ID, the comment field, a timedate stamp for the GPS reading, a measure of the precision of the GPS reading (known as HDOP—horizontal dilution of precision), a binary variable for whether or not the household was included in the sample, and other variables and can be exported from the PDA to a PC in Access database format. This allows easy use of this information with ESRI’s ArcView, Microsoft Access, or MapInfo. Combined with other GIS information, a wealth of spatial analysis opportunities are then created for the survey data, which are also exported in Access database format. The program also allows the mapping of features of interest that are not part of the sampling frame (such as medical facilities), further enhancing opportunities for spatial analyses.

EA’s selected in a district

[image: image7.emf]
Figures 8 and 9 ‑ GPS maps; Figure 8 (on the left) shows 30 villages selected for the EA in a district. Figure 9 shows selected households within one of these villages.

Data safety

Within the GPS mapping program, a button for data backup allows information to be backed up to other locations. However, data are safe, as both the program and database are normally stored and run from a Secure Data card (SD card), which is itself nonvolatile and unaffected by battery status or many types of system failures. The PDA comes with two batteries: a long-life (>12 hours, usually >16 hours) primary battery and a backup battery that allows hot swapping of the primary battery if needed. Field recharging can be easily handled at night or with battery powered inverters that give 10 or more recharges from a pair of C or D batteries. Most hardware malfunctions occur within an hour after the PDA is turned on for the first time. We highly recommend testing all units before departure to the village and taking a few spare PDAs, GPS adapters, and batteries.
Summary
We advocate the use of a preprogrammed PDA with an attached GPS unit in conducting surveys. Its capabilities include the following:
· Rapidly map households and other features of interest in a village. Multiple users can share the mapping duties and then combine the mapping files.

· Obtain a statistically valid sample of households—simple random sample or cluster sample.
· Export the locations and identifying information for the selected households to a GPS navigation program that guides the interviewers back to the households in the sample.

Interviewing can also be done by multiple persons.

· Guide the interviewer through the interview and skip over questions that are not appropriate for the particular respondent (skip patterns are preprogrammed).

· Perform data edits and quality procedures while the interviewer enters interview data into the PDA, thus improving the quality of the information collected and reducing the need to return to the field to check data.

· Allow for rapid aggregation of information from the various interviewers. If standard questionnaires are used, standard analysis programs can also be used, allowing rapid preliminary analyses.

· Can export a data table into virtually any GIS product to produce spatial analyses or maps. Pre-existing mapping data can also be used in these analyses.
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