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Introduction

A major problem with capturing data from formsfilled out by respondents is measuring
the accuracy and efficiency of thesystem. Thisistruewhether traditiond heads-downO
keying from paper (KFP), theads-upCkeying fromimage (KFI), and/or handpiint Optical
Character Recognition (OCR/ICR) is capturing thedaa.

It isafundamental fact that in order to improvetheaccuracy and efficiency of asystem,
it is necessary to be able to measure these performance factors. Using our new, paent
pending Digital Test Deck' technology, you can now assess your forms processing
system more easily and accurately than ever before.

Forms processing technology can be a bit complicated, so in this white paper, we attempt
to provide asimple explanaion of the basics, and how Digital Test Deck' technology can
be usd to save you alot of money while insuring system accuracy.

What is Forms Data Capture?

Theterm GForms Data CaptureOcan mean a lot of things induding jus management of
busness doauments, but here we take it to mean the capturing of handpiinted data from
pre-printed pgper questionnares and putting the daainto a computer file. An example
with which we are quite familiar (because we worked onit for eight years) isthe Y ear
2000Decennia Census, where automatic recognition was used to process 120million
formsin 100days.

Organizationsdoing forms daa capture usudly cycle throughthefollowing three phases
asthey improvether daa capture accuracy and efficiency:

¥ Traditiond hesds-downOkeying from paper (KFP)
¥ HeadsupCkeying fromimage (KFI)
¥ Handpiint Optical Character Recognition (OCR/ICR)

We will discuss each of these three phasesin order.
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Traditiond (heads-downOkeying from paper (KFP)

Thistime-honoed approach involves human keyers sitting in front of a computer
termind, andlooking down at aform placed onarack. They read thedata placed onthe
form by therespondent, and manudly key this daainto the computer usngaKFP
software package. People can be amazingly goodat this, butthey can aso beamazingly
bad. Thisistheessentia problem with this approach: Are they goodor bad? People are
notvery consstent when peforming routinetasks for longperiodsof time. A major
source of error with KFP is placing thedaain thewrongfield.

In order to hdp explain the problem, | have often used ateaching aid origindly
developea by Professor Rickmers at Rochester Inditute of Technology, and shown
bdow:

Count the number of GFOsin the following sentence:

FINISHED FILES ARE RESULT
OF YEARS OF SCIENTIFIC
STUDY COMBINED WITH
THE EXPERIENCE OF YEARS.

When | use thisexample in atalk and ask for ashow of hands | get answers ranging
from two to seven (the correct answer issix). Thepoint of this example is merely that
we, as humans are notreally very goodat observing the sorts of details that computers
do extremely well. We do not mean to disparagethevery excellent keyers who do exist
outthere, either: only to indicate tha since humansare involved, errors will occur in
unpredictable ways. Of course, keyers are expensve, and turnove, congstency, and
training are major issues.

(Heads-upCkeying from image (KF1)

In this approach, an el ectronic scanne first scanstheforms, and the electronic image of
theform sent to acomputer screen, aongwith fieldswherein thedaa isto be keyed by
thehuman keyer. Thekeyer islooking straight ahead at the screen at all times, and hence
the name heads-upCkeying. The software presents thefieldsto bekeyed in an ordely
fashion, and tendsto greatly reduce theincorrect field placement problem mentioned
abovefor KFP. Key fromimageisfaster than KFP, and more accurate, however, it till
involves humans who are cogdly and make mistakes.

Handpiint Optical Character Recognition (OCR)

This approach, sometimes called Intelligent Character Recognition (ICR), employs
sophisticated software, often involving neural network technology, to autometically
capture the handpiint daa from the electronic image of theform. These systems do the
majority of thework in a given daa capture task, but cannotdoit al dueto theinheent
doppiness and variability of human handprint. Therefore, some write-in fields which are
difficult to recognize with high confidence, are said to be GejectedOby the OCR engine,
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and sent to KFI for data capture. Theaccuracy of moden OCR systems (for the
QacceptedOfields) is very high, and consderably better (and faster) than human keying.

What is a Digital Test Deck' Anyway?

In simplest terms, a Digital Test Deck' isastack of forms containing simulated human
handprint, which look jug like real forms even thoughthey were printed by a digital
press and contain perfectly known source daa. Using these decks, onecan test thar
forms daa capture system for accuracy and efficiency, regardless of the technology used
to dothedaa capture. More specifically, onecan assess the state of ther system now,
andusing the Digital Test Deck' technology, gain confidence in progressing throughthe
phases mentioned above resulting in lower cods and greater verified accuracy.

As an example, here isa portion of the Y ear 2000Decennial Census GhortOform:
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CUnlted States U.S. Department of Commerce ¢ Bureau of the Census g
%

20 0 This is the official form for all the people at this address. It is quick and

easy, and your answers are protected by law. Complete the Census and
help your community get what it needs — today and in the future!

Va
Sta rt H e re Aease use a 4. What is Person 1's telephone number? We may call

black or blue pen. this person if we don't understand an answer.

1. How many people were living or staying in this Area Code + Number

house, apartment, or mobile home on April 1, 2000?

Number of people
peop 5. What is Person 1's sex? Mark (X) ONE box.

INCLUDE in this number: O Male [ Female
o foster children, roomers, or housemates
* people staying here on April 1, 2000 who have 6. What is Person 1's age and what is Person 1’s date of birth?

no other permanent place to stay

« people living here most of the time while working,
even if they have another place to live

Age on April 1, 2000

DO NOT INCLUDE in this number:

o . A Print numbers in boxes.
o college students living away while attending college

. . i . Month Day Year of birth
 people in a correctional facility, nursing home, or
mental hospital on April 1, 2000
¢ Armed Forces personnel living somewhere else
* people who live or stay at another place most
of the time => NOTE: Please answer BOTH Questions 7 and 8.

There are places on this (blank) form, called fields where therespondent is asked to print
theansvers to questionspoed by the Census Bureau. When the respondent completes
these fields theform mightlooklikethis:
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A

2

This is the official form for all the people at this address. It is quick and
easy, and your answers are protected by law. Complete the Census and

help your community get what it needs — today and in the future!

Sta rt H e re Aase use a 4. What is Person 1's telephone number? We may call

black or blue pen. this person if we don't understand an answer.
1. How many people were living or staying in this Area Code + Number
house, apartment, or mobile home on April 1, 2000? 203 26 4 809 |
5 Number of people
EESR 5. What is Person 1's sex? Mark ONE box.

INCLUDE in this number: O Male O Female

o foster children, roomers, or housemates

* people staying here on April 1, 2000 who have 6. What is Person 1's age and what is Person 1's date of birth?

no other permanent place to stay

o people living here most of the time while working,
even if they have another place to live 4 7

Age on April 1, 2000

DO NOT INCLUDE in this number:

Print numbers in boxes
o college students living away while attending college

Month Day Year of birth
o people in a correctional facility, nursing home, or
mental hospital on April 1, 2000 | 2 [ | 982
¢ Armed Forces personnel living somewhere else
¢ people who live or stay at another place most
of the time => NOTE: Please answer BOTH Questions 7 and 8.

Mog people would say this was an actud Censusform image, (albet arather neat one),
butit was actudly created usng a handpiint fonton acomputer. Thisisan early example
of wha we mean by adigital test form. A suitable number of different digital test forms
would congitute a Digital Test Deck' .

Thebasic propaties of aDigital Test Deck as defined aboveare:

¥ Looksandfeelslike area form with handpiinted respongs, butreally printed
on a high qudity Digital Color (or black & white) Press.

¥ Form content designed to test critical System aspects.

¥ Reprodudble asrequired.

¥ Compliments, but does notreplace forms with Geal dataOcontent.
¥ Congstent test input

¥ Test thedata capture system Gend-to-endO

¥ KnowtheQruthOof thedata fields peafectly!
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Thefourth bullet indicates the fact tha, usng handprint forts, oneohtainsa rather
excessively (heatOsimulated form, and so theform is of limited use in actudly
measuring OCR data capture qudity. However, ugng actua handpiint GnippesOin the
creation of the Digital Test Deck gives avery realistic appearance, as shown bdow:

T OF
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CUnlted States U.S. Department of Commerce ¢ Bureau of the Census N ey ¥

20 0 This is the official form for all the people at this address. It is quick and

easy, and your answers are protected by law. Complete the Census and
help your community get what it needs — today and in the future!

Sta rt H e re//Please use a 4. What is Person 1's telephone number? We may call

black or blue pen. this person if we don't understand an answer.

1. How many people were living or staying in this Area Code + Number

house, apartment, or mobile home on April 1, 2000? 9\ o 3 26 ,_/ g 0 ol /

D Number of people
[P 5. What is Person 1's sex? Mark (X) ONE box.

INCLUDE in this number: Male  (J Female
o foster children, roomers, or housemates
* people staying here on April 1, 2000 who have 6. What is Person 1's age and what is Person 1's date of birth?

no other permanent place to stay

o people living here most of the time while working,
even if they have another place to live L} f‘{

Age on April 1, 2000

DO NOT INCLUDE in this number: .
. Print numbers in boxes.
o college students living away while attending college
. X i . Month Day Year of birth
* people in a correctional facility, nursing home, or

mental hospital on April 1, 2000 | X i 3 | q 5;1

o Armed Forces personnel living somewhere else

* people who live or stay at another place most
of the time —> NOTE: Please answer BOTH Questions 7 and 8.

By GnippetOwe mean an image clip containing a handprint character or field. Using
forms with actud handprint snippds, as shown above onecan actudly test forms
processing OCR data qudity with assurance of redistic results. We draw uponamassive
collection of actud human handpiint snippdsto form ourtest decks, andin addition, can
make them look like they were written with various marking ingruments, such as pendl,
black rolling bdl, bluebdlpoint, etc.

What are the uses of a Digital Test Deck®? )
Geneally, we find thefollowing uses for aDigital Test Deck

Verify correct opaation of critical System Requirements
Establish measurable System performance baseline.

Test System opeation at each software/hadware change
Test congstency of System beween scanne's, sites, over time.
Obtain a statistically adequae volume of test materials

Test daly opeationd readiness before scanning.

KK KK K K
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How to Measure Accept Rate and Accuracy of a Forms Processing System

In thediagram bdow, we show atypical forms processing system which uses automatic
recognition (OCR) to do thebulk of the data capture workload, and KFI for data capture
of those rgjected fieldsfor which the OCR system is not confident. Also shown are the
stepsonemight take to measure the accept rate and accuracy of thesystem. In this case,
we indicate tha an expensve and laboriousprocess is doneon thetest forms wherein the
forms are keyed twice from paper, and discrepandes verified and corrected by athird
person.

DoubleKFP
“Accept” & Verify

OCR —l l

Data Scoring
Merge / Total Data\ Process

KFI 4T l

Estimate of
Total Error

“Reject”
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Thetesting propostion can bethoughtof as in thefollowing picture:

| Jjolsle] | | —» JOSE
“Correct”

/ICIHIAIOI | | —— CHAD
“Error”
%\,

Universe of Fields

Youthink of al thefieldsin al theforms beng tested as bengin alargevat, and some

are pulled outoneat atimefor testing. If thehandprint was JOS £ and theresultant
ASCII was JOSE, then tha would bea correct field, unde wha we call a hard matchQ
meaning each and every character is correct in afield.

On theother hand, if thehandpiint was CHAO andif theresultant ASCII was
CHAD, tha would bean error usngthe hard match criterion. Other criteriafor
correctness are possible which are beyondthe scope of this paper.

Anothe point to realize hereis tha we are talking aboutaccuracy results Git thefield
levelQ which iswhat oneusudly prefersto use asit relates mog readily to oneé3 busness
needs Theuse of character level accuracy is much less satisfactory, althoughit gives
much highe accuracy numbers; hence it@ populkrity.

If we define some mathematical terms in this process, we get therevised diagram shown
bdow:
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Double KFP
. & Verify

OCR Tl lgt

15# . Data & ( Scoring
Merge / Total Data\ Process
I, "
KFI & l &
Estimate of
Total Error

Here, thetotd error estimateis;

L, =18, + 1188, +!,

l,=  OCR Error
$.,=  OCR Accept Rate

l'w,=  KFI Error

I, = “truth” Error

—

.= Estimate of Total Data Error

This modd is very ussful in andyzing daa capture systems, and can, for example, alow
the estimation of total system error from measurements of OCR and KFl sub-systems.
Of course, when oneuses a Digital Test Deck , the QruthOerror is zero, notto mention
you save aton of work since you don®have to create alargetest deck manudly.
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How to Associate Measurement Error with Number of Samples

If we are attempting to measure an accuracy in theneghboihoodof p = 99%, say,
corresponding to an error rate of q = 1%, then we find the following relationghip to
describetheonesigma error in the estimate as:

where nisthenumber of samples. Plotted upit lookslike:

Accuracy Measurement Error

0.025

0.02
p = 0.99

0.015

0.01

Measurement Error

*

0.005

0 200 400 600 800 1000
Number of Samples (n)

Using this simple method, onecan decide how many samples oneneedsto use to obtain

thedesired level of qudity in estimating your system accuracy.

One of the surprising aspects of samplingisthat the required numbe of samplesisonan
absolute basis, not a percent of the popuktion, per se. A more refined formula may be

used if thepopuktionsize is small relative to thesample size.

Another fundamental, and sometimes troubling fact is that therequired number of

samplesrises very rapidly astheerror we are trying to measure gets smaller. This means

of course, that we have to work harder the better we get!

Fortunaely, alargevolume of realigtic test datais oneof the benefits of usng a Digital

Test Deck .
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Test Materials for Forms Processing Systems
We have had extensve experience with thefollowing six types of test materials tha may
be used to test forms processing systems:

¥ Blank Forms

¥ Forms hand-marked by volunteers

¥ Rea formsfilled out by respondents

¥ Images of real forms on CD-ROM

¥ Lithogrphically printed forms with smulated respondent marks

¥ Digitaly printed forms with smulated respondent marks

Each of these types of test materials has a purpose, and has advantages and
disadvantages. By a suitable combinaion of these materials, onecan devise tests to
cover al testing needs

Blank Forms
Advantages. Inexpensve.
Exercise scannes, sorters, pgpe handling.
Disadvantages. Don®exercise recognition subs/stems or keying.

Forms hand-marked by volunteers
Advantages. Content unde Project control.
Rea handpiint.
Disadvantages: Tendto get cute, pathological, or nonredlistic inputs.
Only onetest set available Bnotreprodudble.
Human error makes them quite variable.
Critical to carefully indruc volunteers.
Difficult to obtain accurate QruthO

Real forms filled out by respondents
Advantages. Theonly Qea Odaa.

Used for measuring OCR/KFI Data Qudlity.

Disadvantages. Only onepreciousQ@oldenOdeck Dkeep locked up.
Tendsto ge beat up and changeove time.
Obtaining QruthGis arduousand never Qloned
Somefieldsare, at best, ambiguous
Truth error plusambiguity makes a @loorObdow which the
Data Capture System cannotgo, even if it® perfect.

1C
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Images of real forms on CD-ROM

Advantages:

Disadvantages:

Consstent source of images for processing tests.

Never wear out

Reproduable and inexpengve.

Don®test scanne-inputsubsystem, image processing or paper
handling.

Don®fit nomind workflow.

Lithographically printed forms with simulated respondent marks

Advantages:

Disadvantages:

Inexpensve.

Reproduable.

Useful to test mog of system, and some OCR/KFI.
Limited data variation.

Not useful for seriousOCR/KFI qudity assessment.

Digitally printed forms with simulated respondent marks

Advantages:

Disadvantages:

Complete control over content.

Reproduable Bcongstent.

Modeate to high data variability.

Can test everything but OCR/KFI qudity if handprint fonts are used.
Can test OCR/KFI daa qudity if real handpiint snippds are used.
Know QruthOperfectly, for once.

More codly than lithographic printing.

Handpiint fonts are Qoo nest?

Handpiint snippées not @eal Omarks (but can bevery close),

A Digital Test Deck madewith realistic actud handpiintimage snippdsisthe
QuitimateQin test materials, and allows you to test your entire forms processing system.

We call thekind of testing onecan dowith a Digital Test Deck  (utside-inOtesting.
Thebasicideaistha if aperfectly known inputisinserted into the system, and (modly)
the correct anawvers come out, then it isunlikely that there is anything serioudy wrongin
between. An dterndive is Ondde-outOtesting, wherein onemay measure, say, thelamp
intengty ontheleft-hand side of the scanne, or the speed variation of the trangport, etc.
The problem with this approach istha onemay literally fill upfile cabines with daain
thismanne, andit will bethethingtha is nottested that causes your system to fail. Our
approach to utside-inOtesting is cog-effective, accurate, and congstent.

11
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A Simple Cost Model Example for a Forms Processing System

We have created severa cos modds applicable to making decisionsaboutforms
processing data capture systems that vary in complexity. Many factors come into play
when estimating the cods of daa capture. Some of these are: theamortized cos of
equipment and software, labor, facilities, etc. Some factors are technical in naure, such
as. OCR Error vs. Reject Rate, forms volume and complexity, keying speedsand cods,
keying accuracy, andfindly, the cos of an error in data capture downdream in the
busness process.

For our purposes in this white pgper, we show atypical cos modd result, based on
parameters and test data from theU.S. 2000Decennial Census

Census 2000 Iso-Cost Curves
0.06 -

0.05

0.04
\\\ — $4.00

—$3.50
$3.00
$2.50

0.02 @
Start of
Development
0.01

Production \

0.03

OCR Error Rate

0

0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5 0.55 0.6 0.65 0.7
Reject Rate

In the abovegraph we plot OCR/ICR error rate onthevertical axis, and OCR/ICR reject
rate onthehorizontal axis. Thecurved lines are lines of condant system cog to process
ong somewha complex, form. Theway aplotlikethisisusedistofirst runan

OCR/ICR data capture test to establish a baseline performance; here we show a crossed
circleat 0.02 (2%) error rate and 0.37 (37%) reject rate. This represents the Census2000
data capture system at the start of the devel opment work, and onecan read off atotal cos
pe form of lessthan $3.50, but greater than $3.00; about$3.30. Of course, used inthe
detailed modd are many other paameters, such as keyer cods, etc. mentioned above

12
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After a series of detailed tests and process improvements, the 2000Census system was
putinto produdion, and theresults measured at tha time are shown by the Gmiley faceQ
at about0.006(0.6%) error rate, 0.16 (16%) reject rate, and near atotal cos per form of
about$2 60.

Thedifference between these two pointsin terms of cog isabout$0.70 pe form. Since
the Decennial Census2000processed over 100 million forms, this correspondsto a
savingsof about$70000,000.

This example shows the basic idea of how goodmeasurements of data system
performance can berelated to total cos per form. Depending on the particular technical
and busness parameters of a given daa capture system, theiso-cog curves will move
aroundsomewha, butthe fundanental idearemainsthe same. More detailed results may
aso beobtained, dgpending on one® needs

For more information, contact:

Dr. K. Bradley Paxton
ADI, LLC

200Cand View Blvd.
Rochester, NY 14623
(585) 2396057
brad.paxton@edillc.net
www.adillc.net
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