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1.0 Executive Summary

Through a contract with the Academy for Educational Development (AED) under the USAID/Rwanda-funded dot-ORG initiative, SATELLIFE (SL)
 successfully assisted the National Electoral Commission (NEC) of the Republic of Rwanda in acquiring the capacity to use handheld computers
 to support voter registration and verification. Project conceptualization, hardware selection, preparation, and shipment, and overall management were provided by SATELLIFE’s home office in Watertown, Massachusetts, USA. Field work for this project, including electronic forms and database development and training, was conducted by Ceaser Scott Barole of Uganda Chartered HealthNet (UCH) on behalf of SL. 
2.0 Overview of Activities

 Specific activities conducted by SL under this agreement included:

· Selecting, shipping, and preparing 106 Zire handheld units for use by the NEC.

· Training NEC personnel in electronic forms creation and database management related to using PDAs for voter registration and verification.
· Training voter registration officers to use PDAs in the field.

· Developing and implementing a data transfer protocol for field sites.

· Assisting NEC in the development of a strategic plan for a national roll-out of PDAs.

· Meeting with key stakeholders, including representatives of USAID-Rwanda and the NEC Secretary General’s office.

3.0 Background

This project was conducted as a follow-on activity to an earlier pilot conducted by SL under the dot-ORG/Rwanda initiative. Both efforts were designed to support voter registration and verification by the National Electoral Commission (NEC) of Rwanda and have been part of an overall dot-ORG/NEC collaboration supported by USAID/Rwanda to strengthen NEC operations through the innovative uses of information and communications technologies (ICTs).  

AED contracted SL on behalf of dot-ORG to introduce the use of handheld computers, also known as personal digital assistants or PDAs, to collect and validate voter information, improve the process of updating its national voter database, and support the NEC's desire to include a broader array of information in the database and to successfully reach ALL future and current voters, including those living in rural and otherwise underserved areas.  This technology was chosen because of its potential to minimize errors in the voter lists and keep the list as up-to-date as possible, which are crucially important to both holding effective elections and maintaining citizens’ faith in fair and open elections. 

The PDAs were introduced as an alternative to the traditional paper-based voter registration process. Until recently, the NEC used a manual paper-based system exclusively to gather and record voter information at the time of registration, a multi-step process that is prone to human error and requires a time consuming and expensive data validation process. 

To address these problems, the dot-ORG project and the NEC worked with SL to design and carry out a pilot activity to test the use of PDAs in the collection, validation, and updating of voter registration data.  The pilot was designed to demonstrate how electronic forms on PDAs can be used in place of the paper cards currently used by NEC voter registration officers to collect new voter registration data and update existing voter data. The pilot was designed so that data from the PDAs could be downloaded or synchronized directly to a desktop computer at the province level
, then emailed to the NEC central office to be imported into an interim database there. 

Based on the results of a remote assessment of the existing data collection process and a variety of field conditions that factor into the design of a PDA-based system, SL created an electronic version of the paper registration card used by the NEC and acquired, prepared, and delivered 10 PDAs to be used by NEC voter registration officers. SL also worked with the NEC database managers to ensure that the electronic form was compatible with the existing database and to create data transfer protocols from the field to the central database. The registration officers and database managers were trained on-site by Mr. Ceaser Scott Barole of Uganda Chartered HealthNet, who was contracted by SL to perform this work. 

While the pilot was very short in duration, with only one day of field testing in Kigali province with Mr. Barole present, the results were very promising, suggesting that expanded use of this technology may result in significant time and costs savings for the NEC, as well as improved efficiency and accuracy. Specifically:

· A total of 225 records were collected in the field using 7 PDAs over 4 hours. All these records were synchronized to the provincial office with no data loss. The data were sent to the NEC office the same day and merged with the interim database. Some of the records were incomplete but all had the required fields. The database managers merged the data with no problems. A significant outcome was that data could actually be collected and merged into the NEC database on the same day.

· With minimal exposure to the PDA, registration officers were able to complete a form in 1-2 minutes, which is comparable to the time it takes an experienced officer to complete a paper form. With additional practice, this rate is likely to improve.

· Significant time savings were realized at the point in the data flow when data is typically entered manually from the paper form to the provincial office computer. The process of simply synchronizing the PDAs was much faster. However, the limited time period of the pilot did not permit the collection of statistically significant data on how much time was saved. 

The pilot included an intensive training component to ensure that NEC registration officers were capable of using PDAs, including entering data and synchronizing to a desktop or laptop computer. Additionally, NEC technical personnel were trained to create and update electronic forms, track form field to the back-end database, and train PDA end users.

A number of challenges were identified in the pilot that informed planning for the second phase of this project and the national scale-up phase. These included:

Needs Assessment for Rural Sites: The pilot did not provide sufficient funding to conduct a comprehensive needs assessment of the rural sites that would be involved in a national roll-out of this technology. Such an assessment is necessary to understand the unique power, training, and data transfer needs of each site. These issues were flagged for further consideration during the second phase.
Failure Rate: During the pilot, there was a highly unusual failure rate of 30% among the Zire 31 PDAs selected by SL. SL replaced these units and did a comprehensive market review to determine that this was an anomaly for this device. SL reviews indicate that the failure appears to be a case of bad batch of certain components of the PDAs sent to Rwanda.
Concensus on Forms & Use of PDAs: During the pilot it became apparent that there were some discrepancies between the formal paper version of the voter registration form and the actual data that were being collected by voter registration officers in the field. The NEC staff were left with sufficient skills to continue refining the electronic form and making corresponding changes to the national database. There was also a lack of clarity about how much information from the database the voter registration officers need to carry on their PDAs in order to confirm and update existing records in addition to adding new ones. SL recommended that the NEC work to build consensus internally on defining precisely how the PDAs would be used by the voter registration officers.
A significant factor in the pilot’s success was the skill and enthusiasm demonstrated by NEC technical staff and the high level of institutional support within the NEC overall. These conditions are highly favorable to the successful adoption of new technology.

As a result of the successful pilot, NEC officials formally asked USAID to fund the acquisition of additional PDAs to be used throughout the country.  USAID agreed, and  AED/dot-ORG invited SL to undertake a second phase of the PDA project in Rwanda in order to meet this request. 

4.0 Project Duration

This project was initially slated to be carried out between January 25, 2005 and March 31, 2005. However, due to scheduling conflicts within the NEC, field work could not be conducted until June, 2005. USAID agreed to a no-cost extension, adjusting the completion date to June 30, 2005.  The field work associated with this project was conducted on-site in Rwanda by Mr. Barole during the period June 13-30, 2005

5.0
Implementation

5.1 Overview

The goal of this project was to further develop the capacity of the NEC to use PDAs for voter registration and verification purposes more expansively throughout the country. NEC staff already acquired significant skills in the use of PDAs and electronic forms development during the pilot phase; the follow-on work was designed to build upon and expand those skills and prepare for a national roll-out of the technology. provincial offices and the provision of Internet access

The NEC specifically requested SL’s assistance in acquiring the capacity to:

· create and load electronic data collection forms onto PDAs;

· load the voter database onto the PDAs for reference purposes;

· enter data into the electronic forms in order to register new voters and update existing voter records;

· transfer voter information from the PDAs to the provincial office computers; and 

· transfer voter information from the provinces to the central NEC computer.

Due to time and budgetary constraints of the agreement, the partners agreed that SL should focus on training key NEC personnel, assisting in the development of a strategic plan for a national roll-out, and developing indicators for a monitoring and evaluation plan, rather than trying to deploy all 106 units acquired under this agreement and/or implementing an M&E plan.

5.2 Selection and Delivery of Equipment

Following the pilot, SL was aware that the NEC hoped to use PDAs that could carry the entire national voter registration database on them so that registrars could both add new voters and edit existing records. However, PDAs with such expansive memory capacity would far exceed the budget available for this project. In addition, complex protocols would have to be developed to ensure that the integrity of the database would be preserved despite giving access to a large number (over 100) voter registration officers. Given those constraints, SL advised that the use of the entire database in the field not be pursued at this time and recommended the purchase of Zire 31 handheld computers, produced by Palm. The total equipment purchase for this project included:

· 106 Zire 31 handheld computers

· 106 MB mobile back-up cards (to protect data)

· 106 MB expansion cards (to expand memory)

· 106 travel chargers

SL purchased the equipment on behalf of the NEC and shipped it directly to Rwanda. Mr. Barole worked with Sylvere Kwatirayo of the NEC to charge and test the PDAs when he arrived in country. All equipment was tested and functioned properly in the field.
5.3 Meetings 

On his first full day in country, Mr. Barole met with:

· Deputy Executive Secretary for Administration and Finance, NEC

· Michelle L. Cachaper, Deputy Program Officer of USAID
· Protasi Butera, AED/dot-ORG
· Fiacre Mutabaruka, IT Officer, NEC 
They reviewed the results of the pilot and identified issues that should be addressed during the second phase of the project, including testing the technology in rural areas, finding a reliable power solution, having NEC database personnel practice managing a larger PDA network infrastructure and backing up data, and planning for a national roll-out.
One of the issues to arise during this meeting was the concern that re-charging the PDAs would be difficult throughout Rwanda due to the erratic power supply. The heavy use anticipated by the NEC could result in units exhausting their battery charge in as little as two hours. A possible solution to this problem was identified by Ms. Cachaper, who explained that World Links-Rwanda has received funding from USAID to provide primary schools throughout the country with laptops that are charged with solar kits. Ms. Cachaper proposed a solution in which NEC voter registration officers could use these solar kits to recharge their PDAs, since every primary school also doubles as a polling center in Rwanda. Subsequently, Mr. Barole and Mr. Mutabaruka visited the World-Links office, determined that the solar chargers can indeed be used for the PDAs (with the acquisition of additional hardware), and laid the foundation for a potential future collaboration. (For more information on power alternatives for the PDAs, please see section 7.1.)
5.4 Survey Tools and Software Application

Electronic form conversion for this project was done with Pendragon, which SL introduced to the NEC during the pilot. SL acquired a license for the Pendragon Distribution Toolkit on behalf of the NEC, which will enable it to create as many forms and download them on as many PDAs as necessary. 

SL had developed the electronic version of the national voter registration card in conjunction with NEC staff during the pilot, but some modifications needed to be made for this phase of the project. NEC staff performed this work over the course of several days with guidance and supervision from Mr. Barole during his visit.

5.5 Training

Mr. Barole trained both NEC technical personnel and voter registrars. 

Provincial Officers

On Wednesday, May 15, 13 provincial officers (5 women, 8 men) were trained to use PDAs to conduct voter registration. An additional 3 men were trained on Thursday, May 16. This number was smaller than anticipated because many provincial officers had recently been recruited and had not yet reported for duty. Some of those who did receive training were not yet familiar with NEC practices and procedures and therefore found the training somewhat challenging because they had no context in which to place the instructions.
A pre-training questionnaire was issued to the trainees to help the trainers understand their audience and accommodate their needs. The results indicated that:

· Although most of the trainees had heard about and seen PDAs issued to the pilot users, none of them had actually gotten to use it themselves.

· All of the trainees had used a desktop computer mainly for email and word processing.

· All of the trainees had been previously involved in data collection but all had used paper.

· The trainees had only been involved in collection; none had taken part in data entry or analysis.

The training manual that was developed for the pilot phase of this project was used for this round of training as well. The training was conducted in Kinyarwanda (with French and English as needed), by Mr. Mutabaruka and Mr. Kwatirayo of NEC, whom Mr. Barole had trained as trainers and supported as needed. This training of trainers, which resulted in the training being conducted in the local language, was very effective, and leaves the NEC with the capacity to train as many new PDAs users as necessary in the future. 
NEC staff

Mr. Barole prepared and delivered three copies of the Pendragon user’s manual (which the manufacturer only makes available on-line) for NEC staff use.  Upon his arrival, he met with Mr. Mutabaruka and Mr. Kwatirayo of the NEC to identify which areas of database training they would like to emphasize and develop a training schedule. The resulting database refresher course was held on Thursday and Friday, June 16-17.

5.6 Field Test
A single field test was conducted during this visit. The site, Masaka, was selected by Mr. Barole, Mr. Mutabaruka, and Mr. Kwatirayo, and the test was conducted on Wednesday, June 22. Masaka is a small rural town in the Kigali Ngali province (commonly known as Kigali Rural). It is an agrarian town most popular for small holder coffee plantations. Covering an area of about 3,133 sq. miles, Masaka has an estimated population of 792,542 people mainly farmers and traders. A market place in the town was selected because of the number and variety of citizens present who are eligible for voting, including farmers and businessmen. Data collection was preceded by approximately 10 minutes description and objectives of the data collection process because people were very curious and some very nervous about what the information collected was going to be used for. This sensitization was done on individual as well as in group settings depending on the preference of the audience.
Data was collected over the course of an hour in Masaka market. Approximately 76 voters participated with the majority being women. There were no cases of refusal especially after the sensitization. However some of the voters were not comfortable to give their real names because the 1994 genocide is still fresh in their memories and they feel uncomfortable giving their real names.
All the data collectors then converged and synchronized the data to a laptop computer. The data was exported to Excel, password protected, then sent to NEC headquarters by email. In an extremely promising demonstration of how quickly and easily data can be aggregated, the email was sent via a dial-up Internet account using an ordinary pay telephone in the market. 
Back at the NEC, the data was downloaded and cleaned out to remove some of the errors that may have come from the field. The required fields were then imported into the NEC database. These were marked and later removed since this was only test data.
5.7 Strategic Planning & Sustainability
A major objective of the site visit was the development of a strategic plan for the national roll-out of PDAs for voter registration and verification in Rwanda. The details of such a plan were discussed and agreed upon by the stakeholders, and include not only the more widespread use of PDAs by the NEC but also a revenue-generating plan that will make their use sustainable.

Initially, NEC will focus its attention on maximizing its use of PDAs in two provinces. They will conduct voter registration at all administrative levels down to the cells, and the data will be sent into an interim database at the NEC. This data will then be evaluated against the data in the central database for verification and quality assessment. This exercise will give the NEC a good understanding of what is involved in using PDAs simultaneously at all levels within a province and an opportunity to identify any glitches in its system before moving to an even larger scale. 
During that same period, the NEC also intends to test additional database software to find a solution that makes it possible to carry the entire national voter registration database into the field for updating the registers and verifying that the data previously collected is correct.

These plans are based on the assumption that the following will be in place: 
· alternative power source(s) for charging PDAs in locations without electricity

· a database program capable of carrying the national database to the field
· logistical support from within the NEC
(See Section 7.0 for related SL recommendations on addressing these challenges.) 
After the two-province exercise is completed, the NEC feels that they will have enough experience and expertise to carry out a full national roll-out of this technology. 

Recognizing that voter registration and verification is an occasional occurrence, the NEC is also planning to partner with other stakeholders to utilize PDAs for other purposes. This will achieve two objectives: 1.) maximizing the benefit of the technology across sectors; and 2.) generating revenue with which the NEC can support and expand its own PDA pool and PDA usage. The Ministry of health and Ministry of Local Government would be very good partners since they are involved in continuing data collection. This strategy will require additional training for the NEC’s IT support team so they can meet a wider range of clients’ needs and the identification of possible project partners/clients.  The NEC is in the process of developing a write-up of its PDA work that can used to “sell” the technology to potential partners and has inquired whether they may send a database manager to work with personnel at UCH to study how PDAs can be used more expansively in Rwanda. The NEC would sponsor this visit; UCH would welcome the opportunity to host an NEC representative for further training.
5.8 Monitoring and Evaluation

Time and budget constraints did not allow for SATELLFE to be engaged in the monitoring and evaluation of the nationwide deployment of PDAs for voter registration and verification in Rwanda. However, as discussed above, Mr. Barole and NEC representatives did discuss how to evaluate the work conducted during the two-province expansion in order to plan the full national roll-out as effectively as possible. 
6.0 Key Findings

6.1 User Feedback 
Conversations with participants and a post-training questionnaire produced the following feedback:
· All users found it easy to enter data into the PDA, however more time needs to be spent on practicing graffiti because it is the easiest way to write long Kinyarwanda words and names. They all were comfortable with entering the lookup data and considered it easier than on paper.

· All users were comfortable opening the form and navigating through it. They were not likely to leave any fields blank. However, after the training and testing period, some participants still had problems recalling a record and making changes to it.

· None of the users had problems reading the text on the PDA. However, it was difficult to read the PDAs during in sunny field conditions even after adjusting the contrast.

· The users felt they had received adequate training on the PDA. However, the registration officers felt that they should be taught how to design the forms themselves because the database managers cannot make changes to all forms while in the field.

· Many of the users felt that they did not have to consult the training manual regularly, but they appreciated having it available on the PDA to consult as needed.

· Users said they had not yet had enough time to explore additional applications such as the address book, calculator, and alarm clock since they had been concentrating on using the form and also had to settle into their new jobs.
· All users preferred to use the PDA over the paper form. However, they all felt that more time is needed to test the technology more rigorously.
6.2 Accuracy & Efficiency

Mr. Barole and NEC personnel estimate that the efficiency of the data collection process was increased by approximately 60% as a result of using PDAs. This figure is based on the approximate number of records collected on paper versus PDA, the number of records received at the NEC on the same day, and the limited amount of error involved in entering the data on paper and thereafter into the NEC database. 
6.3 Power
Re-charging the PDAs will be difficult throughout Rwanda due to the erratic power supply. The heavy use anticipated by the NEC may result in units exhausting their battery charge in as little as two hours.   

6.4 Database Size

The NEC has continued to express its interest in having the ability for voter registration officers to carry the entire voter database on their PDAs so that they may verify and/or update information for anyone in the country. 

6.5 Performance & Maintenance

All of the PDAs delivered functioned properly. Should any malfunction in the future, the NEC has been advised that, based on SL and UCH’s experience using PDAs in Uganda, the units may be repaired locally by a good electronics repair operation. Usually mobile phone repairers – which are readily available in Rwanda - are capable of repairing PDAs. The NEC database team is working to identify qualified repairers. 
NEC has requested replacement styluses due to anticipated loss and breakage.

7.0 Recommendations

7.1 Power

Concerns were raised about the ability of the users to keep their PDAs charged in the field, particularly given the heavy use during voter registration and verification periods. The NEC should be encouraged to continue its dialogue with WorldLinks so that the NEC PDAs can be recharged at schools. In order for this arrangement to work, an auto-charger (cigarette lighter) will have to be acquired for each participating school. 
Another option is to equip users with their own small solar chargers and/or automobile chargers. SL has successfully used small solar chargers with PDAs in other settings.  We have recommended a unit that costs about USD 60 and can recharge a PDA in 3-5 hours.  Some customization would need to be done to create proper cabling to support this approach.  (For more information on cost implications, please see section 8.)
7.2 Database
Based on cost considerations and the need for an electronic forms program that would make it easy for the NEC to create and modify forms, SL recommended Pendragon Forms for the software and Zire 31s for the hardware. With this combination, it is currently impossible to meet the NEC’s request to have the full national database accessible for reference on each PDA. This is because the size of the national database exceeds the resident memory on Zire 31 and Pendragon cannot read data stored on an expansion card. A handheld unit with sufficient memory (not using an expansion card) would cost over 400 USD.  
To solve this problem, SL proposes that the reference database be converted to a Palm- readable database that can be stored and read on the expansion card using another database program called MobiSystems.  The user would check the reference database prior to creating a new record for the voter.  If the name is in the database and the information is correct, then no action need be taken. (Although a simple form confirming that the voter has been interviewed and their record is current could be created).  If the voter is not on the list or if the information needs to be updated, the user could start a new record for them in the existing forms program.  This two-step process would solve the problem in the least expensive way.  The database would reside on a 512MB SD card which costs about 35 USD.  The database program costs about 30 USD per unit. (These prices would be negotiated for bulk purchase).  The database on the SD cards could be periodically updated at the NEC and redistributed to the field.  The database can be secured by password so that if the SD card is lost, no unauthorized user would have access to the database.

7.3 Future Use of PDAs
Assuming the rollout in the two targeted provinces is successful, the NEC should be encouraged in its plan to market its capabilities and use its inventory of PDAs in other ways in collaboration with other organizations or ministries. This will enable them to further expand their expertise and generate revenue. 

The NEC’s commitment to sponsoring a trip for one of its IT officers to study with UCH PDA experts reflects a high level of commitment to this technology and should be commended and encouraged. UCH would be very pleased to serve as host and mentor.
8.0 Cost Considerations


The following cost considerations should factor into decision-making around the recommendations made in this report. The figures below are provided for discussion purposes only and reflect SL’s rates and access to hardware and software. They do not reflect staff time (including the development of the database solution, testing, and training), overhead, travel, or prices that could be obtained from other sources. 
	Item
	Unit Price (USD)
	Units required
	Cost (USD)

	512MB SD expansion cards
	$35.00
	116
	$  4,060

	MobiSystems Professional License
	$50.00
	2
	$    100

	MobiSystems Standard Licenses
	$30.00
	116
	$  3,480

	Solar Charger
	$65.00
	TBD
	TBD

	Car Charger
	$16.00
	TBD
	TBD

	Replacement Styluses
	$1.65
	TBD
	TBD

	Procurement/Logistics
	$400/day
	4
	$  1,600

	Shipping/Customs 
	25% of total
	TBD
	TBD








� SATELLIFE is a U.S.-based NGO in Watertown, Massachusetts that uses various forms of ICT to disseminate health information throughout the developing world. Over the past three years, SL has acquired significant and diverse experience in deploying handheld computers for data collection in a variety of challenging environments throughout Africa. While SL’s expertise lies within the health sector, its mandate encourages transferring its skills and expertise in the use of cost-effective technologies to other sectors critical to human development. For more information, see http://www.healthnet.org.


� Handheld computers, also known as personal digital assistants or PDAs, have become widely used for data collection, information dissemination, and a wide range of other applications in high-income countries, especially in the business and health sectors. Between 2003 and 2005, SATELLIFE has successfully deployed this technology in twelve low-income countries, primarily in the health sector, for such diverse purposes as epidemiological surveys, commodities inspection, program monitoring and evaluation, household mapping, and patient tracking. Its design and implementation of the Rwanda PDA project are based on this body of knowledge and experience. For more information on SATELLIFE’s use of handheld computer technology, please see Handhelds for Health: SATELLIFE’s Experiences in Africa and Asia at http://pda.healthnet.org/download/pdapaper1.pdf


� There are 8 provinces in Rwanda. Each province is sub-divided into districts, sectors, and cells. 
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