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Norman Wright

The need for high volume, low cost data entry is leading increasingly to the
use of optical mark sense equipment in a wide variety of applications. Frequently
the greafest part of the effort of the beginning user goes into assessing thé
capabilities of the various available OMR media. Yet in most applications, this
will represent only the opening pages of OMR implementation. This discussion will
concentrate on such factors as the impact of forms design on the accuracy and com-
pleteness of OMR data. Consideration will also be given to philosophies of error
correction as well as the implications of OMR. data entry on overall systems design.
The main thrust of the discussion is on the non-mechanical aspects of humanely and
accurately "marking sense'.

"The Moving Finger writes: and having writ, moves on: nor all thy piety
nor wit shall lure it back to cancel half a line, nor all thy tears wash out a
word of it." (From The Rubaiyat of Omar Khayyam, Edward Fitzgerald, translator.)

When the poet Omar Khayyam penned these words in 12th Century Pb:sia, he did
not rule out the possibilify that, while we could not change a line of what is writ,
we could at least subject it to intensive study and re-interpretation. And while
Omar could not have foreseen the modern corollary, he almost certainly would have
understood it: to capture every line--preferably in machine-readable form. This
modern need for high volume data entry leads us, not completely by punsmanship,
to our modern OMR--the optical mark reader.

Historically the optical mark reader is closely associated with educational
applications. One of its first uses was in scoring the large volumes of standardized
educational tests so familiar to post-war generations of students. At first
mechanical, end later optical mark sensing equipment freed countless teachers and
clerks from the tedious, time consuming, and error-prone task of hand scoring the
thousands of student examinations thatryent along with mass assessments of student

achievement., The almost immediate acceptance of the mark sense response sheet

may be attributed to its reliance upon the simple and familiar tools of paper and
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pencil, and to its close analogy to 1ts non—mdchine—scorable counterpart. The
OMR has continued to dominate this field. Tests, surveys, and questionnaires of
all kinds today remain the most widespread and femiliar of all OMR applications,

Because of ite use in education, it is not surprising that gducational admini-
strators were one of the first groups to see the value of the technolégy ih gathering
demographic data from students. In schools and colleges around the couhtry, OMR
data entry was soon being used not only to assess sfudents, but to register them,
assign them to classes, and report their final grades as well. This natural
succession of events was perhaps accentuated by the fact that OMR did best what
educators needed to do--to capture large amounts of data in a very short time at
minimal cost. Thesebnon—testing uses of the OMR helped form a broader base upon Am%
which many more recent applications have been built,

Increasingly optical mark sense technology is finding its way into diverse
applications in business, industry, and government. It has been used to capture
census, personnel, and survey information closely analogous to its uses in edu-
cation. It has also been used for many traditional applications in business——
entering routine statistical and sampling data, quality control, inventory, and
time accounting. Recently the OMR has been used to replace hand-counted paper
ballots in a voting system where the legal requirements of balloﬁ layout prohibited Mw§
conventional voting machines. - |

OMR media today are available in a wide variety of styles and sizes. Docu-
ments range from punched card size, to standard 83" by 11" sheets, to documents
which fold out into a long continuous form. Many of the readers for card-sized
documents accommodate punched as well as marked information.

What all of the available medi§ have in common is requiring the respondant
to record his data by gridding--filling in pre-printed boxes, ovals, or circles
with pencil marks. The gridded marks are read by the photo sensors on the mark

reader and translated by hardware and software into dicital data. The sample sheet
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(fig. 1), used by the American College Testing Program to register students for
its examinations, shows some of the variety of information that can be captured

in this manner. This is in addition, of course, to the more ﬁsual multiple choice
type of responses.

The example is notable for the relatively high amount of writtem and numerical
information which the applicant is requested to grid. Unfortunately, no studies
have been done, as they have been for CRT's, testing the psychological attitude
and toleance of respondants to this form of data entry. Unquestionably the}gridding
of the information takes longer than printing it--about 3 minutes for gridding
the sample document, versus about 1% minutes for simply entering the data in
printed form. In some sense at least, the respondant is required to function as
a data transeriber as well és to provide the required information. Undeniably
this form of data entry depends upon the time, effort, and care of the respondant.

largely for this reason it was once felt that filling out OMR documenté
should take place only in carefully supervised environments. While thié is still
frequently practiced in schools and colleges, many OMR users have recently had
good results with documents filled out by the general public in uncontrolled
situations. The sample document in figure 2 is designed for home use. Users of
data sheets and surveys find that they can usually rely upon the respondant's good
will and his desire for personal data to be correctly entered. There is also
some evidence to suggest that the present population consists increasingly of
"trained" data transcribers, since OMR is becoming widespread.

In applications reqﬁiring use by the untrained respondant or the general
public, the layout and design of the printed form is crucial to the success of any
OMR project. Essential to successful layout is some ordered and clear methoa.of
presenting data for response. With sheet sized documents, the uéer can frequently
include explanations and examples on the OMR document itself., If the information
is not to be filled out in a controlled environment, it is almost always desirable

to include accompanying instructions clearly specifying the derired content. of ~ach
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field. The material should also give the traditional "Grid only one response"
instructions for marking OMR format: however, too ffequently this is done to the
detriment of elaboration on field content. |

Almost all OMR projects require that related documents be grouped into some
form or other, whether by classes and schools in educational applications, or by
production units in a business environment. The older method for entéring such.
control information was to depend on the respbnd@nt to enter it correctly on the
fesponse docgment itself. For example, students would be asked to grid a school
number and the first 5 letters of their teacher'é name. Increasingly, however,

OMR users prefer to enter such control information on separate sheets or documénts,
usually ones which are identifiable to the scanning software or hardware itself. ﬂm%
Because of its pivotal importance control data is thus separated from respondant

data. Frequently it may be éntered by a more highly trained or carefully controlled
person--a teacher or a clerk at the processing center.

At the U.S. Civil Service Commission's OMR processing center, for example,
written exams are shipped to the center from 65 area offices around the country.
Personnel at the center fill out a scannable document known as an Area Office Header
to identify each group of answer sheets received. The header sheet is color coded
and corner cut, borrowing techniques from card processing. This header itseif 7
‘becomes a record on tape along with job applicant documents. It identifies all
subsequent records on tape as being input from a particular area office, as well as
giving processing and control information about the documents.

In the simplest of all imaginable mark sense applications incorrectly gridded -
data is of two sorts: either an applicant grids more than one response on a set
of grid positions requiring only one--known as a set of grid positions requiring
only one--known as a double gridg =~ or the respondant fails to grid any response--
an omit. In some applications, the software, either at the point of scanning or in

subsequent processing, can be programmed to preQictabLy circumvent or default when
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encountering such data. More usually the data suspected to be in error will be
examined to see if some determination can be made of the intent of the respondant.
Double grids and omits give greatest problem in demographic data; fortunately it is
also here that they are most likely to be correctable. Almost universally, OMR
documents requiring gridded data such as name and address request that the respondant
both print and grid his information. In such cases most errors can be resolved

by resorting to the written information.

Some users of OMR depend on extensive pre-screening of the mark sense documents
in an effort to detect gridding errors before they are input to the machine. Such
an examination can never be totally effective, of course. More importantly, it
tends to use a great deal of human time and energy in perusing documents which
will need no attention. For this reason, it is usually much more cost effective to
concentrate on errors after they have been detected by computer.

In most applications, then, the raw data from the scanner will pass through
some kind of edit program designed to detect errors peculiar to OMR entry. Usually
other edits and checks on data validity, similar to those for other methods of data
entry, will also be performed. The resolution and correction of the detected errors
will usually represent by far the greatest amount of time and effort spent in any
system involving OMR entry.

The correction process can be considerably more complex using OMR technolof es
where only one side of a document can be read at a time, or where a single respond-
ant's data spans several documents or cards. In such applications where the order
and relatedness of documents can usually not be depended on, a match is done to
bring together the different pages or documents which form data on a single individual.
Many schemes for pre-gridding or pre-punching match information have been devised.
Unless some provision is made for strict control on the match fields, resolution
of mis-matching pages can be a monumental task.

The actual method by which corrections are applied to files of OMR data presents

an interesting paradox. Since the data is already in machine readable form on the
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mark sense document, and since it can usually be corrected by simply erasing or
re-gridding the mis-gridded information, it would seem natural to apply the
corrections simply by re-scanning the corrected document. While some OMR users
do opt for this method, most high volume users do not. They object that it
disrupts the production flow of batches and complicates the process of undating
data with corrected information. They argue that, while OMR is good at the tack
of rapid mass data entry, keyed entry is more suitable to correcting the data once
it is at a data center,

In an average, well designed OMR application, the documents containing errors
or suspected errors will represent somewhere between 5 and 20 percent of the total
number of documents entered. The exact figures will,\of course, depend .on many
factors including the amount of data on each document, the age and experience of
the respondants, and the complexity of the edit criteria themselves. Typically,
the number of actual corrections to be applied to the data will be sonde?ably less
than the number of documents examined for suspected error. Most systems utilizing
OMR entry today provide for field corrections on erroneous data rather than requir-
ing total record replacement. This design factor brings about important economies
in the data entry phases of correction. The percentage of fields in error, of
course, is drastically less than the percentage of documents in error.

Recent advances in CRT technology, and the cost reductions which have accompani::%
them, open broad néw avenues for error detection and correction in OMR data. A few
of the newest systems have been designed utilizing some form of CRT correction
entry. One can envision the entire process of error detection and correction taking
place at the CRT. The stack of OMR documents would provide the only source material
needed for the correction process. In such a set up, a single analyst would be
responsible for both the resolution of the error and the actual correction of the
data on file.

Regardless of their differences in application and technique OMR users point

to many of the same advantages. Data is captured in machine readable form directly
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from the respondant, thus eliminating the time consuming task of keyed entry. The
OMR document is highly portable and requires no special equipment to f£ill out,

While data gathered in this manner will almost always contain errors, a well-designed
system can detect and recover from such errors effectively. OMR's are highly
efficient at entering large masses of data at low cost. Thus in many applications
involving information from and about people, optical mark readers will continue

to represent one of the best means available for data aquisition.
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