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Chapter 1  overview of scanner technology

A.  Introduction 

During the 1990 round of censuses, several countries began using optical mark readers as the data capture method for at least part of their population and housing censuses.  The careful planning of the complete data capture operation largely contributed to their success.  The use of optical mark readers was the first step in using scanners to capture statistical information.  With the improvements in character recognition techniques, the use of scanners for statistical data capture has increased.  

In large statistical applications, a good deal of time is required to code, prepare and input information into an electronic data file format using traditional keyed data entry methods.  Therefore, it is not surprising that statistical agencies are increasingly interested in using recognition technology for data capture.  In some ways, optical data capture systems are best designed for surveys or censuses because they tend to be large-scale repetitive processes involving a limited number of form types.  If a questionnaire is designed with this data capture in mind, it can maximize the capabilities of the available software.  However, statistical agencies must still carefully plan and test all data capture methods and they must provide operational and quality control specifications.

As statistical agencies incorporate new technology they should keep in mind the ultimate goal of producing timely, accurate and relevant data products for decision makers.  In order to determine the best data capture method for its particular situation, a statistical agency needs to be well informed and look at the impact the method will have on its operations.  Accordingly, to support the decision-making process, this paper will discuss the specific technologies, system requirements, and the relative advantages and disadvantages of keyed data entry and optical data capture. 
HARDWARE

1.  How a Scanner Works

A scanner takes a picture of a document using a digital camera.  Most scanners use sensors or reading devices, which have tightly packed rows of light receptors that can detect variations in light intensity and frequency.  A scanner digitizes a document image by reading how much light is reflected in each location and turning it into a grid of boxes equal to either 0 or 1, depending on whether the location is “filled in” or not.  The quality of the scanner hardware is dependent upon the quality of the imaging components, scanning resolution and bit depth.

1.a  Imaging Components

Scanners capture image data by reading light reflected off, or passed through, the form being scanned.  Therefore the quality of the light source has an impact on the quality of the resulting image.  Scanners use prisms, lenses, and other optical components to direct light from the original document to sensors.  The quality of these optical components can affect the basic scanner quality.  A high-quality scanner will tend to use glass optics that are color-corrected and coated for minimum diffusion, rather than plastic optical components.  The statistical agency should look for quality components in the imaging process that will allow the scanner to accurately capture the original document under realistic conditions.

1.b  Scanning Resolution

Scanning resolution is expressed in Dots Per Inch (DPI).  A scanning resolution of 100 DPI means that a scanner reads 100 dots or pixels for every inch across the page and 100 dots for each inch down the page, giving 10,000 dots or pixels per square inch of form page.  In general, scanners are capable of supporting resolutions ranging from 72 to 600 DPI.  For most census data capture applications a resolution of around 300 DPI should be sufficient.

In black and white scanning, each dot scanned generates one bit of information (0 or 1).  Every dot equals one bit of information and eight bits make up one byte of computer information.  Therefore, the higher the DPI, the better the resolution.  However, improved resolution means more information to be stored, which calls into question the limitations of the supporting computer processor speed and memory.  For every doubling of resolution, there is a four-fold increase in storage space required.  Statistical agencies should keep output file sizes in mind when choosing a data capture method.  Larger file sizes mean higher resolutions but slower speeds when working with the image files. 

Bit Depth

Scanners offer different ranges of bit depth.  Bit depth measures how much information a given scanner records for each pixel or dot of information.  Greater bit depth is needed to recognize colors or grayscales.  In order to see the many tones in between black and white, a scanner needs to have at least a 4-bit depth (for up to 16 tones) or an 8-bit depth (for up to 256 tones).  The higher the scanner's bit depth, the more accurately it can describe what it sees when it looks at a given pixel.  This, in turn, makes for a higher-quality scan and increases the image file size.

1.c  Speed

When we speak about the “speed” of a scanner, we will be referring to the “throughput” of the data capture process which includes digital imaging, recognition of data, and the creation of an output file.  Scanner speeds depend on many factors, including the amount of data to be captured, quality of paper, legibility of handwriting, the type of forms used, and the number of recognition engines used.  Therefore, we will avoid discussion of relative scanner speeds and focus on image quality and recognition accuracy and their impact on the data capture system throughput.

1.d  Optimal Operational Environment

The recommended environmental ranges for most scanners are:

60-85 degrees Fahrenheit (16-26 Celsius degrees)

40-60 percent relative humidity

This means that, for optimal operation, scanners should be in air-conditioned rooms to control temperature and humidity, which tend to be higher than the recommended ranges in many countries.  Paper forms also need to be maintained in an environment that controls dust and humidity.  Poor environmental control can reduce image quality and cause mechanical problems during scanning, which may slow down the data capture process due to re-scanning of forms and increased human intervention.  Regardless of the environmental conditions, scanners need to be cleaned regularly to prevent paper dust build-up and tested often to ensure proper settings for optimal image capture and recognition.

Document Scanner Types

For census data capture there is really only one type of document scanner, rotary scanners.  Other scanner types offer different features such as the ability to scan booklets with a photocopier type flatbed scanner.  However, since censuses involve large amounts of forms, it is more practical to cut booklets apart and use a faster scanner.  Rotary scanners move the documents while the camera stays stationary.  Forms are put into an automatic feeder, fed through the machine at a high speed and deposited in a receiving hopper.  This type of scanner is fast because the document is in motion, and it is easy to scan both sides of a document simultaneously.  The only problem is that the document image may be blurry since it is moving.  It is possible to improve the scan through higher resolution and image enhancement.  However, these image improvements will mean a reduction in scanning speed.

2.  Optional Features

2.a  Automatic Document Feeder

Automatic document feeders can speed up high-volume production work.  An automatic document feeder is basically the same as one would encounter on a high volume photocopier.  The advantage is that an operator can load batches of forms at one time instead of feeding forms individually, resulting in faster input of documents.  The automatic document feeder should also notify the operator when a jam has occurred so the problem can be corrected quickly.

2.b  Multi-Feed Detector

A Multi-Feed Detector monitors the thickness of each document passing through the feeder.  It can be used when scanning batches of uniform documents.  It alerts the operator when documents have stuck together, causing an overlap or double feed during scanning.  The operator can then remove the documents for re-scan.  It can also suspend scanning so the documents can be re-scanned mid-batch.

2.c  Exit hoppers

Once the documents are fed through the scanner they need to be stacked in an output hopper.  Several types of exit hoppers are available which will place the forms in the same order as which they were fed into the scanner.  Others will allow the forms to be sorted into separate hoppers by whether the form was rejected or read, which is convenient for scanning operators.  The scanner should also alert the operator when it has been unable to read a form or significant data field, based on parameters set by the statistical organization.  

Color Bulbs

Specially colored illumination bulbs are available to mask specific colors, also called dropout colors.  Several different colors may be used as dropout colors.  Items such as form lines, answer boxes, instructions, and background shading can be completely removed from the image file using color print and corresponding color illumination bulbs.  The advantages are that the image file size will be reduced and the desired data from each form can be separated more easily from surrounding text and graphics. 

2.d  Image Processing

Many scanners now offer point-of-capture image processing tools that are packaged with the hardware components.  “Point of capture” refers to operations carried out during the scanning process, and “image processing” involves image cleanup, image enhancement, and recognition operations.  Image processing can also be accomplished during post-scan processing with various software packages.  Image processing will be discussed in greater depth in the software section.  However, speed is the main advantage of point-of-capture image processing because it allows a reduction in the amount of post-scan processing and smaller image file sizes.

B.  SOFTWARE

1.  OMR, OCR, and ICR: A Comparison of Technologies

OMR, OCR, and ICR are acronyms for the various types of software which “read” digital images produced during scanning.  Optical Mark Recognition (OMR) is a data collection technology that does not require a recognition engine.  Intelligent Character Recognition (ICR) and Optical Character Recognition (OCR) are recognition engines used with imaging.  

Optical Character Recognition (OCR) and Intelligent Character Recognition (ICR) are sometimes used interchangeably to describe recognition of hand-written or machine-printed alphanumeric text.  ICR is used to describe recognition engines that can also recognize cursive alphanumeric text using complex artificial intelligence algorithms, and may include such features as the ability to “learn” during processing by continuously updating databases or using contextual information to determine accurate recognition.  For the purposes of this paper, OCR and ICR will be summarized as OCR.

Both OCR and ICR have the ability to interpret marked fields or OMR-ready data.  However, OMR cannot interpret hand-written or machine-printed alphanumeric text.  

OMR - Optical Mark Reading

1.a  Introduction

Optical Mark Reading (OMR) is a scanning method in which information is translated into an electronic data file via marks made in predefined positions on a form.  Therefore, OMR is capable of handling only data from pre-coded or closed questions, where respondents must choose from a limited number of pre-defined values.  For example, relationship, sex, age, religion, etc.  OMR only detects the absence or presence of a mark, and does not retain an image of the original form.  OMR cannot recognize hand-printed or machine-printed characters, nor can it be used for open-ended questions, where the respondent may write any answer they choose for a question, such as occupation.
Horizontal rows on an OMR form are determined by timing marks that are printed along the side of the form.  Vertical columns have fixed positions set for each of the reading sensors of the scanner.  Within these rows and columns, mark blocks are positioned for each question where the enumerator or respondent indicates a response.  The scanner software is programmed to look in predefined locations for information.  Any marks outside of these predetermined locations are ignored. 

OMR can judge the existence of written marks by recognizing their relative darkness on the form.  A mark is a response position that is filled in, with either an “x”, a completed circle, or a tick mark.  Light is either reflected off or through the surface of a form by a lamp.  If a position is filled (marked), then the scanning sensor will register significantly less light in a pre-defined position than the surrounding area on the questionnaire. 

The sensor unit or reading head converts the strength of the light in predetermined areas to either a ‘0’ or a ‘1’ according to the definitions established for varying strengths of light perceived.  Some OMR systems have higher levels of detection and are able to store more information on the intensity of the reflected light, allowing them to recognize not only black and white but also varying intensities of grays in between.  This allows the end user access to more complex information to determine whether an item is filled in or not.  This can be helpful when dealing with erasures, different writing instruments, and varying writing pressures.  In all cases, the user should participate in the testing and determination of what level of reflected light constitutes a marked response under realistic conditions.
Each question on an OMR form contains blocks of marking areas, or bubbles, where a respondent indicates the appropriate response.  Some questions require a single response while others may be multiple choice.  OMR employs two recognition modes to determine the correct number of responses, alternative mode and bit mode.  Alternative mode is used when only one answer is expected for a question.  If two or more marks are found in one block, a comparison of the relative bit depths of the marks is conducted, and the darkest mark is chosen.  If no difference is detected, an error is reported.  

Bit mode is used when multiple responses are possible.  In this case all detected marks in the marking blocks are read and recorded.  The program based on the questionnaire tells the scanner which mode to employ based on the expected number of responses for each question.  This means that the questionnaire design must be completed in time for testing and programming of the OMR data capture system in order to avoid reading errors during production.

1.b  OMR Questionnaire Design

When designing questionnaires for data capture using OMR, special attention needs to be paid to the portion of the form that is “readable” by the OMR scanner.  All data marks should fall inside the readable portion of the form, which is surrounded by a non-readable margin.  A clear zone needs to be kept around each marking area, or tick box, large enough to avoid interference in the reflected light.  There should be no lines, print or shading near the marking area that would accidentally indicate a marked response when read by the scanner.  Dropout colors may be used for print or lines near the clear zones surrounding the marking areas in order to avoid misreading marks.  It is useful to include marking examples and to specify the writing implement to use in the enumerator or respondent instructions.

OMR marking areas should be designed in conjunction with the manufacturer to ensure maximum readability.  It is important in a multi-page form to avoid impressions of marks being transferred from one page to another.  For example, if an enumerator marks answers on a multi-page questionnaire by completely filling in bubbles with a pencil, the mark may leave a dark mark on the facing page.  Careful design and field testing of a large number of forms and detailed training of enumerators can help to avoid these problems.  OMR questionnaires also need to be printed on paper thick enough to avoid “bleed through” of marks made on a two-sided form.  Careful placement of mark blocks can also help to avoid these problems.

OMR forms should be produced using strict quality controls.  If there is a problem with the forms, the scanner may reject or misread a high number of questionnaires and there will be no way to distinguish between printer or enumerator error.  The paper used for forms should have excellent optical and mechanical characteristics.  It must have uniform reflection of light and show high contrast between marks and the surrounding area.  More specifically, the paper must be white in color with high opacity, smooth finish with little gloss and as few spots as possible, and fluorescent material should be avoided as it causes fluctuation in the reflection of light.
If booklet style questionnaires are used, extra space should be included along the cutting edge to avoid damaging the timing marks needed by the OMR scanner.  Appropriate cutting equipment should be procured and tested prior to actual data capture.  This will also enable testing of the forms to determine if the cutting edge has adequate space.  If the cutting of forms damages the sheets, they will not be readable by the OMR scanner.  

The elasticity of paper changes with variations in humidity.  The big difference in humidity between the printing period and the scanning period will cause the same problems as cutting mistakes; the OMR scanner will have difficulty reading the forms.  Therefore, it is very important to control the environmental conditions of questionnaires as much as possible.  One solution is to store the forms in an air-conditioned facility with a de-humidifier for a period of time prior to scanning to “dry out” the forms.

The index or identification marks should be positioned so that the scanner recognizes each sheet in the data capture process.  In a census, the ideal situation is to identify each questionnaire by geographic area in order to evaluate coverage, as well as to uniquely identify each type of form, continuation forms, and each page within a form.  Sometimes barcodes are used for geographic, form type and sheet identification.  However, this requires a rigorous logistical control of forms.  Another alternative is to use a mixture of barcodes and enumerator-supplied information to allow greater flexibility during field operations.
1.c  Management of an OMR Data Capture System

Using an OMR data capture system requires careful preparation, planning and testing.  The speed of the data capture system is dependent upon the number of response blocks, number of different document types, and condition of the forms and marks.

Certain elements need to be determined during the development of an OMR data capture system.  Logical and unique indexes or identifiers should be decided for the different kinds of forms that will allow the statistical office to track coverage.  Limits need to be determined as to what level of shading represents a mark, the ranking of different shades, and whether the mark block is multiple choice or not.  Output file format and nomenclature needs to be decided as well as the storage system to be used pre- and post-processing.  Optional equipment such as automatic document feeders or sorting exit hoppers needs to be chosen.  Operational control features with operator alerts need to be established to cope with troubles such as double feeding, rejections, paper jams or damaged forms.

Dust, poor maintenance, and damaged, dirty or damp questionnaires can cause scanner breakdowns.  Therefore, it is recommended that daily tests should be performed before, during and after data capture.  The tests are to confirm the reading accuracy by correctly identifying marks on a test page.  

If the test is not read correctly, scanning should be stopped and the machine should be cleaned, adjusted, and/or repaired.  Once a test page is rejected or misread, tests should be repeated until the scanner is able to correctly read the test page.  In addition, periodic comparisons of data output files with the original forms should be included and documented in the quality control process.  Another quality control measure is to re-scan a sample of batches and compare the data output files.  If there are any differences in the output files the problem should be investigated, possibly by comparison to the original questionnaires to determine the source of the discrepancies.

The manufacturer should perform scanner maintenance on a monthly basis.  During maintenance, reading heads are tuned and cleaned, and defective parts are replaced.  Local staff should also remove paper dust from the scanners before the daily operation starts, using a special liquid.
1.d  Budgeting for an OMR Data Capture System

To determine the overall cost of an OMR data capture system, you must first determine the approximate number of scanners that will be needed.  The number of questionnaires multiplied by the amount of data items to be captured, divided by the operational capacity of the scanner (verified through extensive field testing using the final data collection forms, including verification and coding), divided by the desired data capture time gives the approximate number of scanners needed to complete the operation.  If maintenance and repair facilities are not located in country, replacement parts, and machines should be included in the order to avoid data capture delays.  

The following costs should also be considered when budgeting for an OMR data capture system.

· Purchase, rental, or lease of OMR scanners and accompanying microcomputer workstations, including verification stations; keyed data entry back-up workstations; servers to centralize, process, and store the resulting data; printers and other peripheral equipment.

· Transportation of the equipment to the user site

· Connection and installation of hardware and software

· OMR-ready questionnaire development and printing

· Periodic adjustment of hardware and software based on parameter settings and any operational problems encountered during extensive testing

· Operator and maintenance training

· Personnel cost for OMR operators

· Equipment maintenance costs

· Disposal or relocation of equipment after data capture is completed

1.e  Advantages and Disadvantages of OMR

Some of the advantages are that OMR forms are easy for respondents or enumerators to complete, since a simple check mark in the correct box is all that is required.  This simplicity translates into a fast, high recognition rate since the scanner does not have a lot of different types of information to interpret.  Another advantage is the relatively low cost of OMR scanning systems.  

The disadvantages are that the design and physical condition of the questionnaires determine the accuracy of OMR.  Therefore, OMR forms require a good deal of precision in order to avoid scanning problems.  Since the placement of data is predetermined, the form must be precisely positioned in order to be read properly; any mistake during printing or scanning and the scanner will not be able to find the information.  It is also critical that the forms be in good condition for scanning.  Torn, wrinkled, dirty, or damp forms stand a higher chance of being misread.

The marking areas of an OMR questionnaire require adequate clear space.  If the marking area is too small, it will be harder for the scanner to differentiate between filled and not filled.  However the use of dropout colors and proper writing instruments can decrease this problem.  If proper writing instruments are not used, it may be impossible to capture the information during scanning.  

The OMR form may not be intuitive to populations that do not have a good deal of experience with bubble-mark-type forms.  This may be a factor when the form must undergo human interpretation such as during data collection, quality control verification, or keyed data entry back up.

2.  OCR - Optical Character Recognition

2.a  Introduction

The basic mechanics of scanning are the same for OCR as with OMR.  However, with OCR, the reading head or sensor unit detects patterns of reflected light and translates it into a bitmap image file.  The OCR software then analyzes the patterns of reflected light in order to recognize marks and text.  OCR software packages can vary in the software modules they use for analysis and pre-processing of text.  Usually OCR software will first attempt to clarify the image, then it compares character shapes to predefined patterns in order to recognize or read the alphanumeric text that each shape represents.  

Accurate character recognition is dependent upon the quality of the scanned forms and the quality of the captured image.  There is no data capture method that can guarantee 100% accuracy.  In order to compensate for potential errors, various types of repair modules, including field validation techniques and keyed data entry interventions, usually supplement OCR systems.  

When discussing recognition and accuracy rates for census data capture, it is important to look at the field level as opposed to the character level.  A high recognition rate at the character level does not necessary translate to a high recognition rate at the field level.  Nor does a high accuracy rate at the character level mean a high accuracy rate at the field level.  In addition to reading errors there may also be recognition errors, where the system believes that it has recognized a data field correctly but in fact has not captured what was written on the original form.  These errors are hard to detect, because the system does not see them as errors.  For these reasons, statistical offices should always include human intervention and verification modules in their data capture systems.

There are several methods of image enhancement and character recognition that may be employed by OCR software.  Statistical offices should decide what applications are included in their OCR data capture system in order to best produce timely and accurate data.  The following sections are not exhaustive lists of image enhancement and character recognition features, but rather an illustration of some available features.

i.  Image enhancement

Image Registration.  OCR is not as restricted as OMR regarding data positions.  Instead of using preset columns and timing tracks to define rows to find the data within the document, OCR uses registration marks to orient and define the entire image area to be captured, then recognized.  Registration marks may be triangles or boxes that are found in the four-corners of a document.  After defining the image area, the OCR software calculates registration coordinates for the readable zone within an image.  If these values differ from the expected registration point values, the image position is corrected automatically. 
De-skew.  After the image has been captured and positioned, with readable zones identified, the reading heads start looking for lines of data.  Sometimes documents may become skewed, resulting in a skewing of the data lines on the form.  OCR can analyze the image bit-map, calculate and return the angle of skew and adjust the lines accordingly.  This can be important during character recognition, when the software may use information such as percentage above and below the line to recognize a character.

Zoning.  Zoning algorithms look at the entire image and determine which portions should be read or recognized and which parts to ignore.  The use of dropout color for non-data items can aid the zoning process.  The dropout color images will still be stored in the image file but will be ignored in the character recognition process and subsequent data output file.  This will increase processing speed and reduce the data output file size.  

OCR has the capability of automatically zoning pages or using manually set zones for processing one particular type of document.  Since most statistical applications use uniform questionnaires, the processing speed can be increased by manually setting the zoning module; this also relieves the software of having to decide which portions contain data.  With either an automatic or manual setting, the software will recognize the form type, then apply the appropriate template to determine the location and type of data areas (OMR, OCR, or barcode).  Again, rigorous testing is required to ensure that the actual form and template match.

Form or Line Removal.  If dropout colors are not used on the data collection forms, the software must remove all the non-data fields after zoning is completed.  Otherwise extraneous information may become confused with the data fields.  Removal requires precise programming and will increase processing requirements.

White Page Detection.  Normally, a double-sided scanner creates two images per scanned page.  However, if the back or front page is blank, there is no need to store this image.  White page detection allows the user to avoid storing a blank page.

De-Speckling.  A scanner may pick up extraneous dots in its image from dirt, paper creases, or dust.  OCR can remove these dots, reducing the image file size and potentially increasing character recognition accuracy.

ii.  Character recognition

The accuracy of character recognition can be facilitated greatly through proper enumerator training and form design.  The greatest recognition accuracy is achieved when reading tick marks.  Therefore the best questionnaire design will minimize the number of open-ended questions and contain mostly pre-coded questions.  It is easier for OCR to recognize upper case letters that are clearly separated; most difficult to read is cursive handwriting.  

Open-ended questions should be designed with individual character boxes delineated in dropout colors and enumerators should be instructed to print answers in upper case letters.  If characters are not clearly separated, the OCR software will have to perform character segmentation prior to character recognition.  This will increase processing time and increase the possibility of errors.  As much as possible, designers and end users of OCR data capture systems should always strive to render the collected data easy to read.

Character Enhancer.  After the software has identified individual characters, it will enhance their images by thinning the lines.  If character lines are too fat, there is a greater chance for confusion with other characters.  The OCR software will also attempt to fill in any missing spaces in the lines possibly resulting from uneven ink flow, different writing pressures, or damage to the form.  

Character Segmentation.  If characters are too close together on the form, the software will need to separate each individual character, prior to recognition.  This task is especially difficult for cursive handwriting.  This processing step decreases the speed and increases the cost of the data capture system.

Thresholding.  Thresholding turns the character image into absolute black and white.  Handwritten characters are nearly impossible to capture as absolute black and white images.  Therefore, it is necessary to define what is black and what is white so the software can look at the area around a character and, on a pixel by pixel basis, turn the area into absolute black and white.  This process improves recognition through sharper images and reduces the image file size.
Character Matching.  Once the OCR software has a clear image of the characters, it then looks at the characters’ particular features.  It may look at the size of the character and the general shape.  These features are then compared to a database of characters to determine which shape in its memory the character matches best.  There are different ways to perform the comparison; however, all methods are based upon a good database.  No database can contain all the possible variations present in human handwriting.  However, some software packages can “learn” to read through actual field testing of a large quantity of forms.  The more realistic information that can be fed into the database, the greater the software’s ability to recognize characters during processing.

Software packages usually report confidence levels for each match.  If an agency has need for exceptionally accurate data, they may choose to pull, for human intervention, the data which contain one or more characters that fall below the pre-set confidence levels.  In order to carry out manual verification, the software package must contain a user interface module.

Contextual Editing.  Some software packages attempt to increase accuracy through contextual editing of words.  This may occur in two steps: lexical editing and contextual editing.  For lexical editing, the program compares the word resulting from character recognition to a dictionary, to distinguish words from known non-words, such as numbers.  Contextual editing may rely on supporting information elsewhere on the form for validation of the word.  The advantage of this type of editing is reduced human intervention due to increased recognition accuracy.  The disadvantage is that open-ended questions normally found on questionnaires, such as occupation and industry, usually have little corroborating evidence outside of normal consistency edits such as age or perhaps educational level.  Statistical offices should carefully review and test this type of editing in a real-life situation to see if the advantages are worth the extra cost and processing time.

Voting.  Some OCR data capture systems may rely on more than one OCR software package.  Using only one OCR software package is faster, but each package has strengths and weaknesses.  Multiple packages can be used together to offer more robust recognition.  The trade-off for potentially increased accuracy is a more expensive and slightly slower processing speed.  However, the advantage is a potential reduction in human verification due to increase accuracy of recognition.  For example, if three different software packages are used during recognition, the majority decision is considered the correct character or word.  

Language Support.  Statistical offices should carefully investigate the language capabilities of the various OCR software packages.  Most packages can accurately recognize most European languages, while others support a much broader range.  The statistical office may want to inquire about the comparable recognition accuracy between different languages, especially if they are thinking of using more than one language during data collection.

Data File.  After recognition and verification, the data are stored in an electronic file.  There are several formats available.  The statistical agency should consider the data processing package that will be used for editing and tabulation when deciding on the proper data output file.

Image File.  OCR reassembles the image files after the recognition process.  If this will be the data storage method used by the statistical office, it should examine how easily the software is able to reassemble the image files and decide on an appropriate format.

Dithering.  Now that the computer has produced a high-resolution, enhanced image file, operators may find it difficult to read.  Dithering works by adding shades of gray into the completely black and white data fields.  This process renders the data field easier to read for operators when reviewing and correcting these fields on computer monitors. 

2.b  OCR Questionnaire Design 

The same basic considerations must be kept in mind with OCR as with OMR.  The paper quality should be such that reflected light can be easily read and heavy enough so that answers on a two-sided form do not bleed through.  Questions should be pre-coded as much as possible with open-ended questions minimized.  Write-in responses should have individual character boxes to encourage proper sizing and separation of written characters.  Dropout inks should be used as much as possible to facilitate recognition.  The form should contain clear registration marks and all data must be contained within the readable zone of the page.  Each answer box should have adequate clear space surrounding it to prevent stray marks from causing recognition problems or errors.  

Each form should have a unique identifier, usually a barcode, to indicate the type of form being read.  This will permit the OCR software to quickly use the proper format to find data fields.  Each page of each form should have a unique identifier, usually a barcode, to indicate the page number and type of form it belongs to, should sheets become separated prior to processing.  

Each form should have geographical information clearly noted in order to evaluate census coverage as forms enter the processing stage.  Barcodes can be used for this purpose but necessitate strict logistical control, as well as detailed and complete geographical coding well in advance of data collection.  An alternative to barcodes is the use of enumerator-completed tick boxes to indicate geography.  Both of these identification systems are subject to human error and should be thoroughly tested to prevent problems during processing.  

Forms should also have an identifier to indicate if they are a continuation of information captured in a previous form or a new form.  If information for a household is captured on two or more forms, complete geographical codes and the existence of a continuation form should be indicated on both forms.  This double reporting of continuation forms can mitigate problems such as double-counting or missing household information during processing. 

Ensure that the form is not only machine-readable but also easy for operators and enumerators to understand during data collection and manual corrections.  The design should be such that there is a logical flow to the question order, and that response categories are clearly defined and in close proximity to questions.  Answer boxes should be located in different areas on consecutive pages so there is minimal risk of answers from one page showing through, leaving an impression or a mark on answer blocks of another page.  

Good questionnaire design can go a long way to ensuring good data capture.  However, field personnel must undergo intensive training covering completion and handling of questionnaires.  It would be worthwhile to teach the enumerators how to write in regard to OCR and OMR questionnaires.  For example, all marks should fill but not exceed the boxes provided, even pressure should be applied at all times when marking the form, writing instruments should not be changed in the middles of completing a form, etc.  In addition to training, instructions should be included on the questionnaire as to the proper way to complete answers, along with writing samples.  

Enumerators must use the proper writing instruments when completing the questionnaires.  This will require testing of various pencils and erasers to determine the instruments that are best recognized by the scanners.  Enumerators should also be instructed in the handling of the forms themselves and should be provided appropriate carrying cases to prevent damage to the forms.  Rigorous quality control reviews of questionnaires should be conducted in the field for completeness and consistency.  No data capture method can compensate for poor data collection.  

2.c  Management of an OCR Data Capture System

Keeping in mind the objective of timely and accurate data, the OCR data capture system should be carefully designed and planned.  We’ve discussed how OCR scanning speed will be increased by easy-to-read forms, including good form design and completion.  Rigorous testing will increase the processing speed through the correction of problems and building of a robust recognition database or dictionary.  Testing will also ensure that the scanner settings are adjusted correctly for the operation.  However, the overall management of the operation, including data capture, must be considered.  Introducing new technology will impact operational and quality controls and statistical agencies must plan their censuses accordingly.
The entire OCR data capture process from questionnaire design to creation of final data files should be seen as one integrated system, comprised of the following steps: 
· Check-in of questionnaires prior to scanning.

· Scanning of questionnaires.

· Image enhancement.

· Character recognition.

· Lexical and contextual editing (electronic editing).

· If using multiple recognition engines, apply voting, a form of electronic verification.

· Manually repair characters and fields the system was unable to read using Key From Image (KFI) interface.

· KFI data fields containing characters that did not pass the confidence level threshold set by the statistical office.

· Key From Paper (KFP) of any forms that the scanner was unable to process.

· Compare the data files to geographic database population estimates to verify coverage and detect errors.  The data files should also be run through conventional structural edits to check for any problems encountered or produced during scanning.

· KFI sample verification to provide statistics to compare to recognition accuracy statistics.

· Output the resulting data and image files.

· KFI coding of open-ended questions

· Consistency editing of data files.

The paper forms should never be sent to storage or destroyed until all the data have been entered, verified, and structurally edited.  After the statistical agency has verified that the census information has been accurately captured, they should rely on the questionnaire image files to complete the data processing.  

The statistical agency should keep keep in mind the type of data processing, analysis and tabulation programs they will employ and ensure that the OCR data capture system will be designed to provide the properly formatted output files, organized in a way to facilitate these processes.  The data capture system should also be responsive to the workflow, allowing for quick movement of information from one phase to another.

After the data have been captured, recognized, and edited for consistency, discrete data will be available for immediate processing and coding can be expedited through use of image files for KFI coding.  At this stage, information from questionnaires can be divided into predefined blocks of information from related questions that are linked to the questionnaire via computer code.  This will allow coders access to other data as necessary but will only present them with information requiring coding.  

KFI coding can speed the entire coding operation because several coders can work on the same questionnaire simultaneously and do not have to flip through entire paper documents to code certain items.  However, strict quality and operational control will have to be maintained during coding.

iii.  Operational Control.

Operational controls should be designed, tested, and built into the OCR data capture process.  Operational controls should be designed so that the statistical agency is able to monitor the progress of information through the various stages.  

The first concern when questionnaires arrive from the field is coverage.  A geographical database of population estimates should be designed and built into the system so that coverage can be assessed as soon as questionnaires are scanned.  Coverage reports should be automatically produced on a periodic basis.  If any differences are reported between the scanned data and the database, an operator should verify that the image was captured correctly by comparing it to the original questionnaire.  This control is especially important for scanned data entry systems as they may be scanned in random order as opposed to geographical order.  

OCR software packages and scanners are able to offer some operational controls.  Statistical agencies should ensure that this operational control system is robust and that problems and statistics are reported to operators.  OCR data capture systems should have the following controls:

· Check that the form has been fed into the scanner correctly and not skewed and report feeding errors and paper jams.

· Check that minimal information has been completed for each questionnaire and report when the information is incomplete.

· Check that single answer response areas only have one response and report multiple responses.

· Check that every questionnaire has a unique identification number and report duplicates.

Another important operational control problem to address is the possibility of scanner malfunction.  No matter what type of data capture method is used, when dealing with critical census information, back-up systems should be considered.  One possibility is to purchase or lease extra machines that can be used in case of minor mechanical failure.  This is especially important if maintenance and repair cannot be performed on-site.  There will always be a need to have some conventional keyed data entry machines to handle mangled forms that cannot be read by the scanners and that can also serve as another form of back-up for the scanning system.

iv.  Quality Control.

The OCR data capture system should automatically report periodic statistics on recognition rates and confidence levels.  Any fields containing characters that were not recognized or did not meet the preset confidence level criteria should be sent to operators for correction and verification.  An important consideration for this feature is the user interface.  The system should present the operator with clear images of the pertinent data fields.  The call-up, correction, and save commands should be simple and the operator should have access to related data fields when needed.

Quality control measures should be designed for each stage of the data capture process.  They should be tested and implemented prior to production.  Some areas to consider are:

· How will coverage be verified?

· What will be done if the geographic check-in identifies areas that were not covered?

· How will questionnaire capture be verified?

· How will questionnaires that the scanner was not able to capture, or for which capture was only partial, be captured?

· How accurately should the OCR software read the response data on questionnaires (confidence level limitations)?

· How will the accuracy of critical fields be verified?

· How will unread or unrecognized fields be captured?

· What steps will be taken if a non-random bias is detected in the characters and words read by the OCR software?

· How and when will coding be completed (KFI or KFP, before or after scanning)?

· How will the codes assigned be verified?

· How will the statistical agency know that all the questionnaires have been captured and accurately read?

2.d  Budgeting for an OCR Data Capture System

To determine the overall cost of an OCR data capture system; you must first determine the approximate number of scanners that will be needed (see Budgeting for an OMR Data Capture System).  If maintenance and repair facilities are not located in country, replacement parts and machines should be included in the order to avoid data capture delays.  

The following costs should also be considered when budgeting for an OCR data capture system.

· Purchase, rental, or lease of OCR hardware, such as: scanners, automatic document feeders, exit hoppers with sorting capabilities, and accompanying microcomputer workstations, including verification stations; keyed data entry back-up workstations; servers to centralize, process, and store the resulting data; printers and other peripheral equipment.

· Purchase of OCR software package(s) and any other accompanying software licenses including image and data file formats, network management, and processing packages.

· Contract for a data capture system integrator who will design the total system for the census operation, coordinate subcontractor specialists, and coordinate system training and maintenance.

· Transportation of the equipment to the user site

· Connection and installation of hardware and software

· OCR ready questionnaire development and printing

· Periodic adjustment of hardware and software based on parameter settings and any operational problems encountered during extensive testing

· Operator and maintenance training

· Personnel cost for OCR operators

· Equipment maintenance costs

· Disposal or relocation of equipment after data capture is completed

Comparative Advantages and Disadvantages of OCR and OMR

v.  Advantages of OCR:

· OMR forms are quite specialized with precise timing tracks, cut, and positioning of response blocks or bubbles.

· OCR forms are more flexible since no timing tracks or precise positioning is required.  An OCR form can float on a page defined by registration marks. 

· Dropout color is very important on both types of forms because it reduces the size of the output files and enhances accuracy.

· Theoretically, the use of OCR leads to a paperless operation in that captured images are the only form referenced and stored, which can translate into reduced cost and increased efficiency over paper questionnaires.  However, it is recommended that paper questionnaires not be destroyed until recognition has been verified.

· OMR does not create an image file; so paper questionnaires must be retained for post-scan processing and long-term storage.

· OCR imaging means that long-term storage solutions are electronic, as opposed to physical space, such as a warehouse.

· Post-scan operations such as coding and editing can be performed more quickly by calling up portions of the stored image files instead of searching through stacks of paper questionnaires.  With electronic images, several operators can work on one questionnaire simultaneously.

· Image files can be easier to read than the original questionnaires due to image enhancement modules and magnification capabilities.  This can improve human intervention operations such editing and coding.

vi.  Disadvantages of OCR:

· Working on image files requires larger, more expensive computer monitors for workstations.

· Larger servers and workstation memory capacity is required to transfer and process image files.

· Cannot view the entire questionnaire image file easily.  About five or six items can be easily viewed at a time; any more information and it becomes difficult for operators to read the data.

· OMR software is much simpler than OCR software and OMR-type tick marks are easier for both software packages to read accurately.  If an OMR data capture system and forms are designed properly, OMR has can be faster and more accurate than OCR.
· OCR can provide approximately the same accuracy as data entry clerks if the system is tuned properly, the forms are well designed, the characters received are clean and neat, and contextual editing is used.
· OCR accuracy depends on characters being hand-printed with separate characters in boxes.  This places an extra burden on form design, enumerator training, and data collection.  Should questions from different questionnaires need to be compared, as in a large multi-questionnaire household, the operator will have to switch between image files.

· OCR recognition engines may believe that they have accurately read an item when in fact they have read it wrong.  To reduce this type of error, extensive testing should be performed prior to production to ensure that the look-up database is accurate for local conditions and sample verification of critical fields should be performed with keying from paper.

· If only response areas are imaged, anything written outside of these areas will be lost when placed back into the questionnaire image template.

· OCR system operators spend more time at computer workstations which may lead to repetitive stress problems.  Therefore, operators should be allowed more frequent breaks to reduce workplace injury.

Chapter 2  Overview of keyed data entry

A.  INtroduction

Until the mid-1970’s, the keypunch machine was the most common piece of data entry equipment.  The development of mainframe computers led to data entry stations which input data directly into the mainframe in a multi-user to disk interface.  As electronic components became more compact and powerful, the microcomputer was used for data capture at individual workstations in a user to diskette interface.  Lately, networks are used to share data among multiple individual microcomputers for data entry, verification, editing, and analysis.  This type of manually keyed data capture system is often referred to as a traditional data capture system.

B.  Hardware

The minimum recommended hardware that is required to process a census is commonly available through any major computer manufacturer.  The most basic microcomputers, servers, and printers currently available are sufficient to meet the data capture needs of a census.  The only real limiting factor in the choice of hardware components is the statistical agency budget.  

The most difficult part of determining traditional data capture hardware needs is to accurately predict the number of each component that will be needed.  These numbers should include replacement parts for items that breakdown frequently to avoid interruptions during data capture. 

A decision should also be made as to how data will be transferred from individual data entry machines to a central data repository, via a Local Area Network (LAN) connection or through the use of diskettes.  If a LAN will be used, cables and appropriate software will be required.  Either way, the statistical agency should always ensure an adequate supply of available diskettes as a back up for LAN transmission.  A back-up data storage medium should also be included to avoid any loss of data.  If the statistical agency plans to use data entry machines in other areas after completion of the census, they should consider the requirements for post-census use and configure their data entry machines for those purposes. 

C.  Software

1.  Introduction

There are many inexpensive, and free, software packages available to design census components and handle all phases of census processing.  The statistical agency should keep in mind what functions they will need to perform during the course of the census.  If a LAN will be used, network management software should be purchased.  Most microcomputers will come with Microsoft Office pre-installed, which includes word processing and spreadsheet capabilities.  However, paper is sometimes a precious resource, which requires specialized questionnaire design software to more efficiently utilize the available space per page. 

The statistical office should choose a data capture system with a software package(s) that includes modules to create a user-interface for data entry, conveniently store data in a logical data base, perform verification of data entry, check the verified data structurally and for consistencies among the various data fields.  This system should also allow the office to maintain operational control through tracking of each form and its data through the data entry and processing stages.  This will allow the statistical office to verify and monitor coverage, workflow, and manage a quality control system.  We will not discuss the particulars of various census-processing packages, however the recommended modules or features to consider during the data capture design will be discussed.  

2.  Questionnaire Design

The traditional data capture system does not impose physical requirements on questionnaire design beyond human readability and the logical ordering of questions to facilitate data entry.  The goal in keyed data entry is to allow the data entry clerks to focus on entering question responses instead of having to search through pages, reading and interpreting responses.  This will speed up data entry and alleviate any decision making as to what should be entered.  In this type of data capture system, questionnaire design will be driven by the format best suited to accurately capture information in the field.

3.  Management of a Keyed Entry Data Capture System

Data capture involves four distinct phases: 1) check-in of questionnaires; 2) manual editing and coding, and verification of such; 3) data entry and verification of keying; and 4) computer editing of keyed data (for valid values and consistency between items).

The census managers must ensure that adequate data processing resources, both in equipment and personnel, are available throughout the data capture process.  A proper physical working environment is required for data capture and processing.  Temperature and humidity controls are significant factors to consider.  The quality of the electric power is essential during the data processing; otherwise data files may be lost due to power failures.  This type of problem can contribute to processing delays since batches would have to be re-keyed again. 

It is highly probable that during the life of the census project, some microcomputers and peripheral equipment will require maintenance.  At the beginning of the project, the statistical office should contract the services of a computer dealer to provide emergency service during census data processing. 

It is important that an experienced senior systems analyst be assigned to the project from its beginning in order to participate in all the census operations, from questionnaire design to data use and dissemination.  In addition, it is essential to establish a close coordination among project managers, subject- matter staff and data processing specialists.  Personnel from these areas must work in conjunction during the development of edit and tabulation specifications, reviewing the error listing reports, and the consistency of tabulation results.

It is critical to test all of the census operations and procedures in a Pilot Census, which is usually conducted one year before the actual census to test any temporal problems.  There should be a comprehensive evaluation of all procedures, forms, manuals, and programs before they are finalized for the actual census.  A sample of areas can be selected for the Pilot Census, since there is no need to make national inferences from the data.  The staff recruited at all levels for the Pilot Census should correspond to the types of personnel that will be used for the actual census, to provide a realistic test of the adequacy of the training and manuals.

3.a  Operational control.

A control system should be established to manage the flow of questionnaires from one phase to another once they arrive from the field.  This system should ensure that all questionnaires pass once through each phase of processing, account for all the enumeration areas, and identify those that are missing.  With good management and a comprehensive control system, census data entry and processing may proceed on a flow basis, with batches of questionnaires moving quickly to the next phase in the process without waiting for other batches to complete a phase.  The control system should be designed to produce periodic progress reports and staff should be able to locate particular batches easily.

3.b  Quality control.

In order to improve the accuracy of the census data, it is important to establish quality control procedures for each operation.  To ensure the accuracy and quality of each operation, it is necessary to develop written procedures for all activities, provide adequate training for all personnel, have appropriate supervision, and perform validation checks throughout the operations.  Statistical offices should maintain statistics on all measurable quality control procedures throughout the census; this will allow them to speak quantitatively about the quality of the census data.  

Quality control is especially important at the data collection stage, because once a questionnaire has left the respondent, it can never be improved.  To control response error, great emphasis should be placed on the proper definition of concepts, good questionnaire design, good instruction manuals, effective training of enumerators, and strict quality control checks throughout the field and office operations.  

For some census activities such as manual check-in, coding, and data entry, the verification process will begin on a 100 percent basis.  Once the error rate is within a predefined acceptable margin, the verification can be carried out on a sample basis.  Different types of quality control schemes may be considered.  For example, an acceptance-sampling scheme involves verification of batches of questionnaires on a sample basis, and accepting the batch if the number of errors is within a certain range determined from a control chart or table.  If a batch were rejected, the batch would then be 100% verified.

Great effort should be made to hire data entry personnel with experience in keying, and/or some basic experience on the use of microcomputers.  The keyers must become familiar with the questionnaires and receive a thorough training on the data entry application prior to production work.  The data entry supervisors must establish a realistic keying rate and perform a continuous evaluation on the performance of the operators.  Those who consistently perform below the expected rates should be either retrained or replaced.  Incentives have proven effective in maintaining consistent keying rates.  These may be in the form of recognition, as in the posting of keyer statistics, or monetary awards.  It is important to stress to the keyers that speed without accuracy will not be rewarded.

The computer editing and imputation operation is designed to ensure that the data collected is complete, in accordance with the questionnaire responses, and internally consistent.  If these conditions are not met, it is necessary to correct the data automatically according to specific rules.  This operation is not meant to alter the data collected in the field by the enumerator and it should not be used as substitute for quality fieldwork.  Subject matter and data processing specialists should develop the editing procedures and the computer programs must be fully tested before production work begins.

The processing order should follow the geographical hierarchical structure of the country.  In other words, all enumeration areas contained in one low-level geographic area should be coded and keyed before processing another area.  To examine different types of errors, it is suggested that one urban and one rural geographical area be chosen for early processing.  The enumeration area data files will be consolidated into higher geographic areas prior to running validation programs.  The error listings produced by the validation programs should be examined immediately by the subject-matter staff to determine whether the validation and imputation rules are reasonable.  Any high imputation rate should be investigated.

Once all the census data for a geographic level (such as a district) have been cleaned and the tabulations are generated, the subject-matter staff should immediately begin their review of the tables for consistency to ensure that the results are reasonable.  By the time the data for the last district are processed, the review of census tables should have been completed for all the other districts.

Budgeting for a Keyed Entry Data Capture System

When budgeting for a keyed data capture system, the number of hardware components or machines required must be determined, within the limits of space and budget.  The following table outlines the basic information needed to determine the hardware requirements for a census.

Required Information to Calculate Hardware Requirements

Estimated population by sex and age

Estimated number of persons per household

Number of population response keystrokes by respondent sex and age

Number of household response keystrokes

Data entry verification rate

Average number of keystrokes per hour

Number of data entry clerks

Number of working hours per data entry shift

Number of data entry shifts per day and week

The number of data entry machines is dependent upon the number of data entry clerks and the desired time for completion of data entry.  The amount of information to be entered is based on the country population and the number of questions asked of each segment of the population.  Some questions may only be asked of persons aged three years and older, while others are only for females fifteen years and older.  Household responses are only entered once per household and are based on the average number of persons per household. 

Once you have the total number of keystrokes that must be entered depending on population size and number of questions, this total should be multiplied by the average verification rate that will be used to arrive at the total number of keystrokes to be entered during census data entry.  

Now you need to determine the number of clerks needed to complete data entry within a certain period of time.  First, the average number of keystrokes per hour should be determined based upon a recent data entry operation.  The number of keystrokes required for the census divided by the number of keystrokes per hour, gives the total time required for one local staff person to enter all of the census data.  The number of data entry clerks, within budgetary and space constraints, and the number of hours worked per week will determine the time for completion.

Once the number of machines and data entry staff has been determined, the other components of the budget can be adjusted to reflect these numbers.  For example, if there will be twenty data entry operators working two shifts per day, the number of coding clerks necessary to provide a steady supply of coded questionnaires for keying can be estimated and tested during the Pilot Census.  

The costs to be considered when budgeting for a keyed data capture system are as follows:

· Check-in, coding, and data entry personnel; training of these operators, as well as management staff should be included in the budget.

· Printing costs for quality control forms throughout data capture

· Data entry computers, servers or computers to centralize and manage electronic data files, data processing computers, and peripheral equipment such as printers; replacement parts and maintenance should also be considered as part of the equipment budget.

· Data entry, control, editing, and tabulation software packages.  If a statistical office plans to perform data entry using a LAN, network management software must be considered.

4.  Advantages and Disadvantages of Keyed Data Capture

The main advantage with traditional, or keyed, data capture systems is that they are flexible and responsive to changes.  Traditional data capture has been used for a long time and consequently, most of the bugs have been worked out of the system.  If last minute changes are made or extensive testing prior to enumeration is impossible, it’s easy to update the data entry screens and programs to reflect any changes or adjust to problems and, in most cases, the statistical staff can do it themselves.  A well-known and user-friendly system offers statistical agencies the advantage of developing and managing their data capture systems themselves, instead of relying on external or foreign companies to design, setup and manage the data capture system.  Anytime decisions that may affect data quality are left to external agents, the statistical office is more removed from direct operational and quality control.

Traditional data capture is less demanding, not only in terms of preparation time, but also in questionnaire design.  Since paper quality and form layout are less critical than with optical capture systems, statistical agencies can print the questionnaires locally and use layouts designed to facilitate local data collection instead of focusing on data capture requirements.  The questionnaires only need to be readable for data entry operators, which does not require strict optical recognition testing.  The questionnaire quality control can be performed easily and locally, ensuring that there will be no problems during data capture.  

A census is the largest operation a statistical office will perform.  Many agencies use this opportunity to acquire training and equipment for their staff, which would otherwise be impossible given normal operating budgets.  The computers used for traditional data capture can be used more widely throughout a statistical office than can scanner hardware and software.  Local staff can also transfer any computer maintenance and networking skills to general statistical office operations.

Optical data capture systems are fast, however, with good data entry operator training and a sufficient staff size, data keying rates can approach, if not equal, the speed of these systems.  The work is also more distributed so that if a computer breaks down or an operator is sick, the overall capture rate is not affected as drastically as if a scanner were to break down.  

If a statistical office has personnel costs that are equal to or less than the cost of an optical capture system, does not have two or three years to devote to census data capture preparation, and would like to increase the supply of staff computers, keyed data capture should be carefully considered.  Optical data capture systems should be tested and implemented during a small-scale survey prior to its use for a census.  This will allow the statistical agency to gain experience and learn first-hand the advantages and disadvantages of these types of systems before using them for censuses.

Chapter 3  Comparison of Data capture systems

The data capture systems’ advantages and disadvantages have already been discussed individually.  This section will provide a general overview of the differences between the three types of data capture systems.

A.  Forms

· OMR forms are quite specialized with precise timing tracks, cut, and positioning of response blocks or bubbles.

· OCR forms are more flexible since no timing tracks or precise positioning is required.  An OCR form can float on a page defined by registration marks. 

· Dropout color is very important on both OMR and OCR types of forms because it reduces the size of the output files and enhances accuracy.  The physical condition of both forms is very important as tears, wrinkles, dirt and illegible writing may impede or prevent recognition.

· Keyed data entry forms have no physical requirements apart from being easily readable for humans with questions in a logical order.

· Theoretically, the use of OCR leads to a paperless operation in that captured images are the only form referenced and stored, which can translate into reduced cost and increased efficiency over paper questionnaires.  However, it is recommended that paper questionnaires not be destroyed until recognition has been verified.

· OCR imaging means that long-term storage solutions are electronic versus physical space such as a warehouse.

· Post-scan operations such as coding and editing can be performed more quickly by calling up portions of the stored image files instead of rifling through stacks of paper questionnaires.  With electronic images, several operators can work on one questionnaire simultaneously.

· Image files can be easier to read than the original questionnaires due to image enhancement modules and magnification capabilities.  This can improve human intervention operations such editing and coding. 

· Working on image files requires larger, more expensive computer monitors for workstations.

· Larger servers and workstation memory capacity is required to transfer and process image files.

· Questionnaire image file can not be easily viewed in their entirety.  Operators must switch between screens if they wish to view information not immediately presented.

· If only response areas are imaged, anything written outside of these areas will be lost when placed back into the questionnaire image template.

· OMR and keyed data capture do not create an image file; so paper questionnaires must be retained for post-scan processing and long-term storage.

· Paper questionnaires offer post-scan operators access to all responses so that handwriting comparison may be used to aid in reading non-legible fields, cross-references to relevant data fields does not require programming, and notations or stray marks made outside of response areas can be seen.

B.  Operational and Quality Control

· In optical data capture systems, external specialists must handle questionnaire design, data capture protocols, and pre- and post-processing.  This dependence on external capabilities means that a statistical office may lose some operational and quality control.  Since these optical capture specialists may not have census experience or statistical training, statistical agencies must be involved in the design, testing, and evaluation processes.

· The introduction of new technology requires different control measures and sufficient time to develop and test various ways of tracking forms and data, as well as assessing the quality of the various data capture phases.  This will most certainly require more preparation time than the use of an established or familiar system.

C.  Accuracy

· OMR software is much simpler than OCR software and OMR type tick marks are easier for both software packages to accurately read.  If an OMR data capture system and forms are designed properly, OMR has can be faster and more accurate than OCR.
· OCR can provide approximately the same accuracy as data entry clerks if the system is tuned properly, the forms are well designed, the characters received are clean and neat, and contextual editing is used.
· The accuracy and speed of keyed data capture depends on the size and training of data entry staff.  Recognition engines cannot match the ability of human beings to read handwriting.   

· OCR accuracy depends on characters being hand-printed with separate characters in boxes.  This places and extra burden on form design, enumerator training, and data collection.  Should questions from different questionnaires need to be compared, as in a large multi-questionnaire household, the operator will have to switch between image files.

· OCR recognition engines may believe that they have accurately read an item when in fact they have read it wrong.  To reduce this type of error, extensive testing should be performed prior to production to ensure that the look-up database is accurate for local conditions and sample verification of critical fields should be performed with keying from paper.

· OCR system operators spend more time at computer workstations, which may lead to repetitive stress problems.  Therefore, operators should be allowed more frequent breaks to reduce workplace injury.

D.  Speed

· The speed of optical data capture systems is dependent upon the physical quality of the forms and how well they were completed, as well as the number of pre- and post-processing software modules used to improve accuracy.

· The speed of keyed data capture systems is dependent upon the number of data entry operators and the quality of their training.  If the operators are familiar with keyboards and have good training, they may reach speeds of 10,000 – 12,000 keystrokes per hour.

E.  Cost

· Optical data capture systems use costly hardware equipment, require special questionnaire design and printing, and dependence on specialists to design, program and maintain the system in order to produce accurate data.  

· Keyed data capture systems require a large data entry staff to produce timely data.  The hardware is less expensive and statistical office staff can usually handle the system and questionnaire design and management.  Statistical staff can also usually handle basic computer maintenance. 

· Optical data capture systems require fewer data entry operators, however the statistical office will still have a large personnel budget due to cartographers, enumerators, questionnaire check-in clerks, and coding clerks.  

Chapter 4  Conclusion

When attempting to select the proper data capture system for an operation; it is easy to become distracted by technological capabilities.  The objective of a census is to produce timely and accurate data.  The goal of a data capture system is not to use the latest technology available but to maximize the human production of timely and accurate statistical products through the use of appropriate technology.  It’s important to compare the cost, accuracy, and requirements of the available data capture systems and their ability to overcome the limitations of the existing data capture system.  

For example, the decision of the US Census Bureau to increasingly incorporate optical data capture systems in their census processing was based to a large degree on high personnel costs and the increased volume of forms that need to be processed.  The personnel savings gained more than cover the cost of the system and the years dedicated to testing and design have resulted in a highly accurate and fast data capture system. 

An optical data capture system for a census will normally require a custom solution designed and implemented by a third party integrator.  This means that a statistical agency has the potential to lose some of the quality and operational control of a census if they are not heavily involved in the design and testing of the data capture system.  The faster and more accurate a data capture system is, the more expensive it will be.  Statistical agencies should work with potential vendors to balance the speed, accuracy, and cost of potential data capture systems.  Remember it is not only speed of the scanners that determine the overall speed of a system.  Overall speed depends on the amount of data to be captured, the number and different types of questionnaires, the condition of the paper, and the legibility of the handwriting.  Most data capture systems are going to require some type of network to maximize productivity, however OCR systems require a larger capacity than do manually keyed or OMR data capture systems.  Statistical agencies should also keep in mind that if parts and maintenance are not available locally; mechanical problems may lead to a delay in the census data capture operation.  A delay would negate the main advantage of an optical data capture system, speed.

In countries where data entry operators are expensive or in short supply, optical data capture systems may be a viable solution, since it requires fewer data entry operators than traditional or keyed data entry.  However increased care and time must be spent on operator training, questionnaire design, enumerator training, system design, and system testing.  Countries who do not have scanning experience should test out optical data capture systems on small-scale surveys prior to attempting an operation as large as a census.

List of References

1. S.N. Srihari, “High-Performance Reading Machines”, Proceedings of the IEEE, 80(7), July 1992, 1120-1132.

2. Harvey Spencer, "Document Management: The Essentials," 1998, Published by AIIM International 

3. Lockheed Martin and US Census Bureau press releases concerning the Census Data Capture System (DCS) 2000

4. DCS 2000 Technical Team, “DCS 2000 Functional Baseline Specification, Version 9.0”, June 2000, US Census Bureau

5. Harvey Spencer, “Exploring the Many Forms of Forms Processing”, Imaging Magazine, September 1996

6. Michael Kosewähr, “Document Scanners – The Novices Guide”, InoTec GmbH S.E. Asia Office, Copyright 1998 InoTec GmbH

7. ZDNet Webopedia Definition and Links, “Optical Scanner”, August 2000

8. Imaging Magazine, “What’s New in Image Processing”, December 1997, Copyright 1999 Miller Freeman, Inc. A United News & Media company

9. Matthew Klare, “A Close Look at OCR”, Imaging Magazine, December 1999, Copyright 2000 CMP Media Inc.

10. Arthur Gingrande, “ICR Deciphers Cursive…and Decodes Handprint”, Imaging Magazine, December 1999, Copyright 2000 CMP Media Inc.

11. Maria Medina, “High-Speed Payoff with Scanners”, Imaging Magazine, June 2000, Copyright 2000 CMP Media Inc.

12. Liz Levy, “Census 2000”, Imaging Magazine, October 1998, Copyright 2000 CMP Media Inc.

13. Carlos Ellis, “Scanners and Related Techniques”, UNSD Technical Notes, United Nations Statistics Division, New York, June 1996

14. Carlos Ellis, “New Techniques Used for Massive Data Entry”, UNSD Technical Notes, United Nations Statistics Division, New York, November 1995

15. Sam Suharto, “Innovative Techniques in the 1990 Round of Population and Housing Censuses, Possibilities for the Future”, Technical paper presented at the “Expert Group Meeting on Innovative Techniques for Population Censuses and Large Scale Demographic Surveys”, The Hague April 1996

16. Economic and Social Commission for Asia and the Pacific, “Report on the Workshop on Application of New Information Technology to Population Data”, Bangkok, October 1999, United Nations Statistics Division, New York, June 2000

17. Informal conversations with Kodak representatives and Kodak Document Scanner 9500 product information sheets
































































































































































1

