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	AFRICAN COMMISSION ON AGRICULTURAL STATISTICS



	Twenty-second Session

	Addis-Ababa, Ethiopia, 30 November – 3 December 2011

	IMPROVING TIMELINESS AND ACCURACY OF AGRICULTURAL CENSUSES AND SURVEYS DATA WITH THE USE OF NEW TECHNOLOGICAL TOOLS

Lessons learned from the use of PDA/GPS (Brazil) and CAPI/GPS (Mozambique) in agricultural censuses  




INTRODUCTION 

One of the major issues for large scale and complex data collection operations, such as agricultural censuses and surveys is the long period of time between data collection and the release of the results and the potential for high non-sampling errors at data processing stage. Also the census involves costly and complex logistics for other areas such as preparation and printing of questionnaires, distribution, centralization and storage of materials. Traditional approaches used involve the following steps:
· Field data collection using paper questionnaires (paper and pen (PAP)) filled by enumerators through interviews of respondents.
· Centralization of the questionnaires and data entry by teams of data entry clerks using desktop computers.
· Data editing and tabulation.

This approach results in a long period of time for data processing, particularly at the data editing stage which often involves data imputation and correction of inconsistencies which are carried out long after data collection with no possibility to go back to the respondent for checking which increases the risk of errors. 

The analysis of past agricultural censuses in Africa and Asia revealed that the average duration between data collection and the release of the first results is more than 18 months with some countries taking up to 36 months to release results [FAO, 2000].  
Recent developments in new technologies, particularly  information and communication technologies and geo-referencing devices, provide new opportunities to improve timeliness and also to  reduce the potential for data processing errors and improve quality checks, thus improving the overall quality of data.
There are a variety of tools and methods for capturing data during censuses and surveys that are more and more used, particularly for Population and Housing Censuses. The United Nations Statistical Division publication “Census Data Capture Methodology-Technical Report” (UNSD, 2009), provides a detailed analysis of the main methods and tools currently available using new technologies.  Some of the main data capture methods used for Population and Housing Census include (UNSD, 2009):
The author states that: 
·  “Optical Mark Reading (OMR) – Using special scanners data is automatically extracted from the census form at the point of being scanned by the recognition of marks (such as tick boxes or multiple choice lozenges) in specific locations on the form;

· Intelligent Character Recognition (ICR) – Software is used that attempts to recognise handwritten text on each census forms’ scanned image;

· Personal Digital Assistant (PDA) – A digital handheld device is used to log and record census information by an enumerator; 

· Computer Assisted Personal Interview (CAPI): Pocket or Portable PC’s are used in the same way as the PDAs;

· Telephone and Internet – Remote capture of data either by automated telephone interviews or entry of data via a dedicated, secure website”. (UNSD, 2009).
Some of these new methods are already being implemented for agricultural censuses and surveys in different countries. Tanzania for example was one of the first African countries to use scanning and ICR for its agricultural census in 2005.
This joint paper presents two case studies, in Mozambique and Brazil, in countries  that have successfully used CAPI and PDA combined with the use of GPS in their recent agricultural census as a basis for analysing the lessons learned on the use of the new technologies for census/survey data capture and also taking into account studies that can be useful for other countries.

EXPERIENCE OF MOZAMBIQUE: USE OF CAPI COMBINED WITH GPS IN 2009/10 AGRICULTURAL AND LIVESTOCK CENSUS 

Traditionally the collection of statistical information in Mozambique, particularly for the census has been paper based. However, for the second Agricultural and Livestock Census 2009-2010 (“Censo Agro-Precuàrio ” or “CAP”) of Mozambique conducted in 2009/2010 several methods of data collection were investigated, including use of computer assisted personal interview (CAPI) combined with use of handheld Global Positioning System devices (GPS). The CAPI/GPS was used for computer assisted data collection and also to locate and measure the area of the plots -through the GPS.  It was decided to implement the census using CAPI, as it was felt that the technology allowed for censuses and surveys which had: 

· Higher quality results; 

· Lower operating costs and 

· Substantially shorter deadlines for data availability, through   global systems of planning, data capture, analysis and dissemination. 

After ensuring that adequate technical skill was available and that  management was willing to engage with these new methods, INE Mozambique decided to implement the 2009/2010 CAP collection of data using a  portable PC (Notebook) with the  CSPro software (Census and Survey Processing System). This was the first time this approach was used in Mozambique and indeed in African countries.  

Field test of use of CAPI / GPS in pilot areas

Several software programmes were designed and prepared with the technical support of FAO, and tested in the office, followed by a pilot survey of 100 farm households.  The pilot test was conducted in one of the southern provinces using nearly 100 enumerators, who were trained for the CAP 2009-2010. This test was very important since this was the first time the country had carried out interviews of farm households using data collection with portable PCs.
The pilot test assessed the (i) ability of potential enumerators to use the  computer equipment; (ii) the reliability of the program and equipment; (iii) the logic of questions; (iv) the impact on the  understanding of respondents when viewing the program on the screen; (v) battery life of the equipment in use; (vi) source of power for charging the equipment  among others. 
The equipment selected was generally easy to use, as it was a standard Notebook computer with 1GB of memory and about 120GB of storage capacity. This memory size was considered sufficient as the data entry program did not require much memory space and therefore this capacity was considered to be sufficient for collection for the census.

In the experience of using the mini computers, there were no major difficulties as all the candidate interviewers were somewhat familiar with the handling of a computer and knew the basic use of MS Office packages. However, regarding the use of the GPS equipment, quite a lot of practical training was necessary. The training therefore focused more on the basic techniques for locating and measuring areas of plots using the GPS than on basic use of the mini computer. 
The main findings from pilot test in relation to the use of CAPI / GPS were: 
CAPI - it was found that the average use of the equipment when the battery of the mini-computer was fully charged,  allowed for enumeration of two small holdings or one  medium holding and a large holding. The average interview lasted about 1 hour 15 minutes in rural areas and 50 minutes in urban areas. 
Battery of the computer - the computer power using a standard battery only lasts up to 2 hours 30 minutes. This was too short so there was a need to obtain special long life batteries (with the autonomy of approximately 8 hours)  in order to minimize the number of shipments. 

Sources of  power - it was necessary to purchase electric converters which could recharge the batteries based on power from the vehicles. The batteries of the minicomputers could thus be charged while the vehicles were in motion, rather than waiting to charge the computers when the enumerators had arrived at their destination.
Screen Size - There were no reports of anomalies due to the screen, although there have been recommendations to take into account the problem caused by the reflection from the sun which could decrease the sharpness of the images displayed. 
GPS - the GPS chosen to identify the location and measure the plots was the Garmin GPSMAP 76Cx, which has an accuracy of about 5 meters and is able to store more than 50 routes and place more than 1000 points. This was considered to be adequate for the purpose it was being used for. This equipment had other advantages since it was loaded with software programmes that could establish an interface with the minicomputers. This was useful for transmitting information such as updates of maps.
The use of GPS avoided the purchase and use of tapes and compasses, and resulted in a good level of accuracy even for smaller fields. 

Census data collection and data capture

Following the field test in pilot areas, the census was successfully conducted using CAPI together with handheld GPS equipment. The main features of methods used are:

Field data capture and validation 

One of the great advantages of CAPI is the ability to perform data validation in real time, throughout  the data collection process.  This allows for the correction of errors, detection of training needs of enumerators in certain areas; sending recommendations and alerts to field supervisors and enumerators on specific issues; and the ability to perform more comprehensive and effective supervision of field work, using the actual content of the information collected.
The interviews with CAPI were much faster than the traditional PAP method and it allowed extensive validation checks such as: 
· Correction of data inconsistencies - there is the possibility to immediately correct errors detected during data collection, together with the respondent while still in the field. This results in collection of higher quality data due to the constant monitoring of the quality of data received. This considerably reduces the time required for the final editing and release of the census results. 
· The question skips or blocks of questions were made automatically, thus reducing enumerator error. 
· Decrease in the number of non-responses. 
· Reduction in data entry errors - the CAPI offered the advantage of data capture at the time of the interview with considerable reduction in errors as compared to PAPI (Paper and Pencil Interview) since a large amount of errors occur during the data entry process. 

· Reduction in time taken to analyze the data- as the CAPI/GPS the data was transferred immediately to the central office after it was collected. This allowed  for detailed analysis of this information much earlier than was the case when interviews were carried out using the traditional method of a paper questionnaire which was a very lengthy process. In the case of PAP  supervisors would keep all completed questionnaires for their province and only submit these once all the enumeration areas had been completed.  This considerably slowed down the centralization of questionnaires and their processing. With CAPI it was therefore possible to analyze the data ​without waiting until data collection was completed. 
· Reduction of errors in the analysis - another advantage related to the validation of data obtained from the collection of data using CAPI was the system of field supervision. In the traditional method of data collection, the supervisor received the questionnaires produced by enumerators and carried out a manual check to identify the possible errors often leading to problems of supervisor error or incomplete checks. With the CAPI system better validation was obtained because computerized and more systematic validation checks were carried out on all completed questionnaires using predefined ranges. 

· It was possible to continuously track the progress of the census, since the recorded information was sent directly to the Central Bureau of Census.  This allowed the Central Bureau to better manage the work of teams in the field.

Transmission of data (data flow from field to Central Bureau of Census) 

This section describes the transmission of data from the field to the  Central Bureau of Census – “Gabinete Central do CAP-GCC” (see Annex 4) and the quality checks carried out on the data.  
With the use of CAPI, data is first recorded in a folder on the enumerator’s computer, this has already been preceded by a  real time consistency check during the interview. In this new approach to data collection, the work of the field supervisor was redefined to focus on receiving indicative analysis of the quality of work performed by the enumerators and taking required corrective actions. Therefore, the field supervisor was also provided with a computer on which he centralized the data from the enumerators and performed a first level quality control and then sent the data to the Provincial Supervisor.  
The steps from data collection to transmission to the GCC are described below:

· All data were collected daily from the mini computers of the enumerators using pen drives.   

· The data was then transferred to the mini computers of the field supervisors who also carried out a first quality check.

· The field supervisors in turn transferred the data:

(i) using 3G modems to INE Central in raw form (frequency of 2 days for back-up)

(ii) using pen drive to the provincial supervisor at the Provincial Direction of the National Statistical Institute (“DPINE”) to recheck the data;

· The data checked by the Provincial Supervisor was sent to INE Central after one Enumeration Area was completed using the 3G modem and the internet

· This data was then transfered to the central server where data cleaning was carried out and the cleaned data was stored on another server for further processing.  

· Data was sent using "netmóvel" (internet mobile) which ensured that the data was sent in good time.  To allow for this the INE purchased 3G USB modem packages with internet access and each field supervisor and provincial supervisor had a device to send data to the CAP central office via internet. 

Costs 

There was a substantial reduction in operating costs compared to a census with paper questionnaires since: 

· There was no need to print the questionnaires.

· The logistics of distributing and collecting questionnaires was assisted by the use of electronic transmission.  As such there was no need to physically transport forms to work areas nor for storage facilities  for the forms. 

· There was no need to have a space for entry and storage of completed paper questionnaires. 

· There was no need to hire clerks and data entry supervisors for data processing. This was crucial because it saved all the costs in salaries, as well as the fees which would have been paid to rent equipment and rooms for typing. 

· In addition, since the information was captured during the interview and returned within a few days to the INE Central for analysis and information production, there was a considerable reduction in the time the data was available to be obtained by users.   
CONCLUSIONS MOZAMBIQUE EXPERIENCE
The use of CAPI / GPS for the census can be considered a success. Using the CAPI, it was possible to preload a wide range of information pertinent to the enumeration areas and the sampled units. These included the codes of the enumeration areas to be surveyed, the assignment of a numerical sequence for small farms and for medium-sized farms, tables for the random selection of farm households. All of this was used to improve the quality of information collected.
The CAPI also allowed for the collection of more detailed information, including gender, with no significant increase in time spent in the interview. 
The main drawback stems from the large number of CAPI/GPS computers which would have been needed to survey the entire country.  Therefore, in order to minimize the resources needed, the data collection was done by zones. Instead of all areas being surveyed simultaneously, one zone was completed and the equipment was then transferred to another zone, which allowed for more efficient use of the limited resources.  This process required much more effective control and management of the equipment and the supervision of the information collected .  Therefore a greater proportion of resources was dedicated to these aspects of the survey process for CAP 2009-2010. 
The key lessons learned were: 

· Equipment failure - the reflection of the sun on the viewing screen made ​​it difficult to see the screen at times. The solution to this problem was to obtain a screen with anti-reflection for the mini computers. 
· Use of batteries - once it was identified that there would be a need to use the equipment throughout the workday, batteries were purchased with a range of 8 hours, thus allowing the enumerator to work during the whole day and charge the battery only later in the day. To achieve the recharging and also in cases where the interviews were limited due to lack of electricity in the dwellings of the farm households (AF), electric power converters which  operate through the batteries of vehicles were used. Each team had a car which made the rounds for the enumeration and for the recharging of the  mini computers so that they could be used during  the workday without major problems. For the charging of the GPSs, a sufficient number of  AA batteries were allotted to each team so that both the location of the farm household (AF) and the measurement of their plots could be carried out. 
· Software problems - to solve new and unforeseen computer problems that ended up occurring during the course of data collection and for which solutions had to be found, a computer technician was permanently in each province. 
· The work of identifying the enumeration area (AE) was preceded by desk work to identify the maps of the enumeration area selected for the sample.  This was based on the maps produced by the RGPH III. During this process it was identified that the technicians needed better preparation for reading the cartographic maps. 
· The use of GPS to identify the enumeration areas was very successful but it was found that the maps should have more control points to ensure that the configuration in the paper map  was the same as the map created in the GPS. 
· Regarding the use of GPS for measuring areas, although areas were usually small, since the reliability of the GPS was 5 meters it was not necessary to resort to the use of tape. 

EXPERIENCE OF BRAZIL: USE OF PDAs COMBINED WITH GPS IN 2007 IBGE CENSUS  

Data collection methods of previous censuses 

The Brazilian Institute of Geography and Statistics (“IBGE”) has always sought to modernize data collection processes for their research and in particular, for their censuses. However, the use of paper questionnaires and use of paper notes to record interview responses has persisted for some time, and this also required transcription of the data collected. However, several innovations were still used in previous censuses: 
Population Census 91 - the IBGE implemented a decentralized model with micro computers in decentralized State Offices of the IBGE, one office in each State of the Federation. There were:  

• 21 data entry centers with 1,200 data entry clerks typing in three shifts. 

• 35 million basic questionnaires (6 months of data entry). 

• 4.5 million sample questionnaires (8 months of data entry). 

Population count 96 - use of optical mark readers in 13 centers (reducing time and costs when compared to the conventional process of manual data entry).  There were 142 million questionnaires (6 months of reading). 

Agricultural Census 1995/1996 - use of decentralized State Offices of IBGE and data entry carried out in the States.  The editing of data was also decentralized.  There were:  

· 4.8 million questionnaires and 600 data entry clerks (8 months of data entry)

· Data editing using 600 operators (12 months)

Population Census 2000 - Use of scanners with bar code recognition and optical mark recognition  (OMR), optical character recognition of machine printed characters (OCR) and intelligent character recognition of hand written characters (ICR) for use on the scanned questionnaires.  There were 5.5 million sample questionnaires and 4.2 million basic questionnaires (4 months of work), carried out in five data capture centers in the country. 

The Census 2000 also used “microcoletores” technology, to collect  on a weekly basis, summaries of production management and monitoring of work through the administrative offices responsible for this area of work ( groups of municipalities) . The data were subsequently  transferred to workstations and transmitted to the central server in Rio de Janeiro in order to update the  "Management Information System" (Sistema de Informações Gerenciais da Coleta). 

Although different operational solutions were applied, the censuses have always used paper questionnaires, which were then transformed into electronic data. This was a slow process, which took place only after the interviews and had no routine quality checks during the collection of data..  Therefore, a separate set of quality checks for consistency and data editing was required and in some cases even a return to the field was necessary to confirm the data.

Use of PDA and GPS in censuses and surveys starting with agricultural census 2007

Since the beginning of the last decade, the IBGE   had planned to introduce electronic data collection in the Brazilian Agricultural Census, initially scheduled for 2001. A pilot project was even started but things did not take off. The census was postponed to 2005 and it was decided to use the same technology as the 2000 Census, which was a paper questionnaire with optical character recognition (OCR).   Ultimately, it was decided to postpone again the census operation to 2007. As a result the first experience of using electronic PDA collection in statistics research was not the agricultural census but the IBGE Monthly Employment Survey in 2002. In 2007 the agriculture census was combined with other data collections, and three data collection operations were conducted simultaneously: 1. the agricultural and livestock census, 2. the population count and 3. the register of addresses of housing units, agricultural and livestock units, health units in rural areas in order to build a georeferenced national register.
It became pressing to accelerate the introduction of technological innovations in IBGE data collection operations. The use of mobile equipment was already being tested in much smaller projects, and IBGE decided to make a paradigm shift in census data collection methodology. 
In 2007, in order to reduce costs, time of collection, improve data quality, improve timeliness of transmission and dissemination of data, the data collection based on a paper questionnaire using OCR scanning was replaced by the handheld computer (PDA). For this combined data collection operation, 88,000 PDAs were equipped with GPS. A single device was used to collect the data for three surveys, by the same enumerator, using a structured integrated field operation. To provide some idea of the scale of the operation statistics on the operation and equipment are presented.  In use were: 
· 68,000 enumerators and 11,000 supervisors 

to cover

· 162, 770 census enumeration areas 

· 105 million people (60% of the total population) 

· 28 million housings 

· Over 5 million agricultural and livestock establishments 

this needed a

· total budget of  BRL 538 million (USD 274 million - 31/08/2007 exchange rate 1USD = R $ 1.961)

equipment of 

· 82,000 devices 

· 5,597 collection posts equipped with 

· 1, 106 computers 

· 4,491 with no computer but using modem and telephone line 

· broadband extended to all 534 agencies of IBGE 

· 700 radio antennas in remote areas 

· partnerships with municipalities, post office, bank officers, etc. in order to access the telephone lines 

Benefits of GPS and PDA collection

Some additional benefits were made possible by the use of geospatial information systems (Geopad) and GPS (Global Positioning System) during the 2007 integrated collection to capture the geographic coordinates of the units visited. This information was used to guide the enumerators and to establish the national register of addresses. The initiative won the Innovation Award in the Federal Public Administration. 
In addition to the agricultural establishments and households collected during the combined  agricultural census and population count, there was also a recording of addresses, agricultural, educational and rural health establishments in rural areas. These were mapped by collecting the GPS coordinates embedded in the PDA. This data was used to construct a national registry with geographic coordinates - the CNEFE - National Registry for Statistics.

The main advantages of the intensive use of the PDA data collection were: 
· GPS was used to record the exact location of the farm. 

· The inclusion of automatic checks during collection of responses to a questionnaire of 600 questions. 

· Completion of all mandatory questions. 

· The question skips were fully automated and allowed for customized filling of the forms.  

· The real-time monitoring of the progress of data collection in all municipalities. 

· Eliminated the need to transport large volumes of paper questionnaires and handling of these questionnaires in data capture centers - a heavy logistical burden. 

The following presents technical information on how this was achieved.  The PDA integrates the GPS receiver and maps of the territorial space for each work area of the census enumerators, using the GEOPAD, version 2.1 software. The enumerators are guided in their sectors in real time, allowing for an orderly collection of information, without having to duplicate the sector data in another computer, and are able to update IDs on the map. 
Therefore, the census takers can check information, measure distances on maps (through GEOPAD, it is possible to measures distances in straight or curved lines on the map), view the best route, exclude features not present in most sectors, create and edit new features. This is all due to the integration of a portable GPS receiver and a geographic database. 

The following shows some screen shots from the PDA application: 
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Activate the GPS with GEOPAD and identify ones location. 
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Details and use of PDA/GPS during data collection

The PDA used by IBGE was adapted to withstand adverse conditions of use  such as being dropped, shocks, falling into water, etc. The "base" was a Mio P550 Pocket PC, running Windows Mobile 5 with some hardware adaptations, and was given the name "P550b Mio." 

The use in data collection was divided into several stages. To advance through the stages of this questionnaire, the enumerator had to correctly complete all the information from the previous step. Although the questionnaire was quite large, thanks to PDAs and touchscreen, the interviews were conducted within the time estimated. 

In addition to collecting data, the software changes allowed registration and updating of street names. Therefore, at the same time the Census 2007 assisted in the operation of updating the base map and the assembly of the register of addresses for statistical surveys.

Enumerator collecting location coordinates during the census. 

[image: image21.emf][image: image22.emf]
The information was sent by wireless (wi-fi or dial-up, depending on the infrastructure of the region) directly to the central data processing unit of IBGE. 

The devices were recharged daily and although the Mio P550b takes a 1200 mAh battery, the PDAs of the IBGE used batteries of 1900 mAh. 

Field tests were conducted in remote regions of the Amazon, which allowed IBGE to test how to transmit the data and recharge the batteries for areas which had adverse conditions. These tests resulted in definition of modalities for data transmission and recharge of batteries as well as use of antennas and recharge batteries (5 full charges of PDA batteries were performed). 

Battery recharging in the Amazon showing the rechargeable battery unit charging the battery of the PDA.
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Use in data management during the census
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 INCLUDEPICTURE "http://translate.googleusercontent.com/ext-convert-temp.15664000a.jpg" \* MERGEFORMATINET [image: image10]The use of electronic data collection greatly assisted the supervision of collection. Regional offices plotted the coordinates of farms visited (yellow dots) and the boundaries of enumeration areas onto maps displayed in Google Earth.  They were thus able to verify if the farms visited were collected from the right enumeration area, enabling subsequent correction. 

In addition, when enumerators connected to the server to transmit the data, the PDA received warnings of possible errors and reports which were used by the enumerator to orient and check the enumeration area. 

With recording of geographical coordinates using GPS, it was possible to visualize and monitor the coverage of data collection operations and display main data on establishments. Depending on the quality of the image, it was possible to view properties from the satellite image and check whether the GPS points were present or not. This step was used only at the central office and access was limited to only a few staff. 

The visualization of the collected points in Google Earth was a powerful tool during the supervision. 
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Supervision of coverage using plotted GPS points 
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Issues in use of the PDA 

The use of PDA in the collection of Agricultural Census 2006 achieved a satisfactory result, but its performance could have been better if it were fully tested in a pilot census. 

The greatest difficulties were logistical and occurred in transmission of data to the central office.  It was decided to centralize the receipt of the electronic questionnaires by sending them all to the central server, without planning how to send and receive the data from more than 80,000 enumerators.  In fact, the whole process from initial loading of software, maps and questionnaires, supervision and transmission of data was centralized.   .
Other problems with the use of PDA during the 2007 collection were: 

· Transmission of data was overloaded due to centralized collection of data on the central server - PDA connected directly to the server. 

· Connection with the host computer experienced problems such as  no connection, poor quality of connections, network congestion .

· Online supervision - the supervision application was only on the central server with the problems described above.

· No system was in place to monitor and quality check  the questionnaires at the collection points. 

· The application was designed specifically for PDA, and was not adaptable to other devices or operating systems. 

Improvements during 2010 population census

Many of these issues were resolved in the use of PDA for the 2010 Population and Housing Census.  These included: 

· Decentralized transmission in collection posts located in counties and states. The PDA connects to a PC or notebook, and it communicates with the server. 

· Adoption of 2G/3G cellular network for data transmission where necessary. 

· Supervisors were issued with laptops to receive data from PDAs, they were able to directly supervise questionnaires and verify reports. 

· Application can be used in different devices: PDA, EE PC, Smartphone, laptop, desktop. 

· Staggered transmission of data from states to the central server. 

· Systems for consistency check programmes and supervision in notebooks, PDAs and PCs were installed in the  collection stations, off-line. 

Other uses of PDA/GPS 

Other agricultural statistics have also been collected using PDA.  These other surveys made use of the georeferenced records and register compiled during the 2007 agriculture census and  updated by later surveys.  Some of these other statistics collected are: 

2010 - Population Census 2010 Collection with PDA.  The geographical points appear on the maps relating to rural census tracts, indicating places which would be visited in census operation. 

Census 2009-2010 by the Ministry of Aquaculture Aquaculture and Fishing, collecting on PDA.

Special Research Coffee and Orange, organized by the National Supply Company - CONAB - 2010 - register.

Brazilian Forest Inventory - Register of households in the surrounding forests to identify forest use by residents - 2009 pilot test. 

Fisheries Research - 2010 pilot test, data collection on PDA.  

CONCLUSIONS BRAZIL EXPERIENCE

PDAs with GPS are essential to reduce the processing time and dissemination of agricultural census data with georeferencing of the units visited. The main problems experienced during the agricultural census 2007 were due to centralization of data transmission and monitoring of supervision only online on the central server. Despite the operational difficulties, it is considered that the use of this application was successful. So far, the only agricultural research using this facility has been the Census of Agriculture 2007. However, there are plans to use it in continuous agricultural research, which is now in the planning stages. Other institutions have also adopted the equipment and registration for special agricultural statistical surveys. 
Besides the use in agricultural statistics, the equipment is being successfully used in household surveys and was used for the  2010 Population Census. The processes for the 2010 census were improved based on the  experience of the Agricultural Census 2007. These enhancements emphasized the decentralization of data transmission and supervision and monitoring off-line, thus reducing the reliance on the connection to central server for quality control and supervision.

GENERAL SUMMARY OF FINDINGS AND LESSONS LEARNED 
According to the United Nations Principles and Recommendations for Population and Housing Censuses , “data capture is the system used to convert the information obtained in the census to a format that can be interpreted by a computer.” (UNSD, 2010)  Improving data capture aims to reduce the delays in census data processing, thus reducing the cost and improving the quality of the data. 
A growing number of digital and geo-referencing technologies are emerging with high potential for reducing delay between data collection in the field and release of results with increased data quality. These technologies are being widely used in Population and Housing Censuses as shown in Annex 1 (Durr, 2011). The successful experiences of Mozambique and Brazil despite operational challenges show that these technologies can also be effectively used for agricultural censuses and surveys.
However, each technological solution needs to be tested and analyzed in the specific country context as they all have advantages and disadvantages. The table below summarizes the main findings regarding advantages and disadvantages or challenges from the two country studies and also experiences from Population and Housing Census the that was presented by the former Chief, Population Division of UNSD (Durr, 2011).

	DATA CAPTURE METHODS
	ADVANTAGES
	DISADVANTAGES/CHALLENGES

	PaP and Keyboard Data Entry
	· Requires simple software systems and low-end computing hardware

· Less costly (depending on the costs of manpower)
	· Requires more staff

· Much longer time to complete than with automated data entry

· Potential for errors during data entry

· Standardization of operations is difficult

· Large number of PCs available after census

	OMR
	· Improved data accuracy

· Data capture faster than keyboard data entry

· Equipment is relatively inexpensive

· Relatively simple to install and run

· A well-established technology that’s been used in many countries
	· Restrictions as to form design

· Restrictions on type of paper and ink 

· Precision required in printing process/cutting of sheets

· Response boxes should be correctly marked with appropriate pen or pencil

· Won’t capture textual responses

· Doesn’t fit self enumeration

	OCR/ICR
	· Form design not as stringent as for OMR

· Fast processing

· Allow for digital storage and retrieval of questionnaires for future use

· Some handwritten responses can be automatically coded
	· Higher costs of equipment

· High level IT staff

· Possibility for error during character substitution

· Fine tuning of recognition engine: trade-off between quality and cost

	PDA +GPS
	· Instant data capturing at the point of collection

· Reduced manual input errors

· Immediate data validation, real time logical rules

· Reduce the processing time and dissemination of agricultural census data with georeferencing of the units visited


	· Setting up of process may take a long time as it requires extensive testing

· Requires that enumerators have ability to use the device

· Training is more complicated

· Need to recharge the battery which could run out during enumeration

· Possibility of equipment failure

· Potential problems for centralization of data transmission and monitoring of supervision only online on the central server

	CAPI +GPS
	· Same as for PDA +

· Use of simple and free software systems such as CSPro with possibilities of more sophisticated validation and logical rules

· Wider screen for larger questionnaires

· the use of GPS for measuring areas, reduced time for area measurement and economies in cost of traditional equipments (compasses, tapes, calculators)
	· Same as PDA +

· Possibility of equipment failure

· This process required much more effective control and management of the equipment and the supervision of the information collected

· technicians needed better preparation for reading the cartographic maps

· maps should have more control points to ensure that the configuration in the paper map  was like the map created in the GPS

Source: Durr, 2011


WAY FORWARD: CAPI, PDA or Tablet?

As shown in the table above, the advantages and disadvantages of these two solutions are very similar. A major difference in the past was that the cost of electronic data collection using laptops was  several times the cost of a PDA (Centro Centroamericano de Población of the Universidad de Costa Rica , 2005). However, with the emergence of Notebooks which are more affordable, the cost factor is becoming less as an issue. Other factors identified in some studies, such as  Centro Centroamericano de Población of the Universidad de Costa Rica (2005) include: difficulty in using laptops while standing in household’s door as is the case in some special circumstances, the risks of thieves, reliability of laptops in harsh, dusty roads under tropical stormy conditions and battery duration. 
With the new Notebook computers many of these factors are becoming less an issue. The PDAs still are considered more resistant in adverse conditions and can also include integrated GPS systems and data transmission facilities. 
Therefore, the choice between these two devices will depend on country situation, the type of census/survey to be conducted and the technical support available. 
In fact with the next generation of digital devices such as Tablets technology new opportunities for improving data capture and processing may become even much more affordable in many developing countries.

ANNEX 1: Data Capture in the 2010 Round

Source: PPT presentation by JM. Durr at ISI Conference in Dublin 2011

ANNEX 2: Timeliness and Data Access and Dissemination in some Censuses in Africa 
                    and Asia (FAO, 2000)

	
	Census year
	Data collection
	Release of first report
	Time interval Field work/Release of report

MONTHS
	Data analysis and dissemination

	
	
	
	
	
	Report with basic tables
	Analysis report


	Data Access



	NEPAL
	91/92
	Jan-June 92t
	March 93
	9 
	Yes
	Yes
	Paper

	MYANMAR
	93
	Apr. 92 – March 93
	June 95
	27 
	Yes
	Yes
	Paper

	PAKISTAN
	90
	Feb-June 90
	June 93
	36
	Yes
	-
	Paper

	BOTSWANA
	93
	March 93 – Feb 94
	Apr 95
	13
	Yes
	-
	Paper

	LESOTHO
	89/90
	August 89- Jul 90
	Feb 91
	7
	Yes
	-
	Paper

	SWAZILAND
	92/93
	Nov – Dec 92
	-
	-
	Yes
	-
	Paper +

Diskette

	NAMIBIA
	94/95
	Feb-Aug 95
	Aug 96
	12
	Yes
	Yes
	Paper

	BURKINA FASO
	93
	Apr-Dec 93
	Dec 95
	24
	Yes
	Yes
	Paper

	TOGO
	96
	Apr 98-Febr 97
	Dec 98
	22
	Yes
	Yes
	Paper +

CD-ROM


ANNEX 3:   BRAZIL - Summary of time taken for census activities

	Activity
	Forecast
	Real
	Comments

	Average length of interview 
	60 minutes 
	1h 15 
	In farms with fields MTAs time increases to 60 to 70 min 

	Average duration in farm household (AE) 
	2 days 
	2 days 
	In areas with high in medium and large farms the time increases to 3.5 days 

	Respondents responsiveness to the use of CAPI 
	Little 
	Normal 
	In the early days there were some problems with the use of computers in the work but these were overcome 

	Enumerators responsiveness to the use of CAPI 
	Resistance 
	Very good 
	Although somewhat apprehensive at first, the investigators agreed and felt much more motivated by the work through use of the CAPI. 

	Using the CAPI collection 
	A little confident 
	Very confident 
	Responded very satisfactorily to the needs of the operation. 

	Using GPS to identify the farm household (AE) and measurement of fields 
	A little confident 
	Very confident 
	Responded satisfactorily to the needs of operation, with obvious reductions in time spent to locate and measure the fields. 


ANNEX 4:   MOZAMBIQUE - backup scheme for data transmission
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