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ABSTRACT
\ A Spelling Program for Use with Optical Scanners
e . E. Na;hel£g Rhone

. "

~
o

Spelling programs are an important tool for word processing

and document preparationﬁ In this paper, a system for spelling

checking and correction designed for use with optical scanners is

des;ribed. The system checks for errors which are due to

scanning errors and uses a probability based algorithﬁkko select

a correction without’usef intervention. The-aim of this project

is to try to determine if the Percaram imqlemented has “any

advantages over other commercial checkers whgn they are used on
[

text produced by optical scanners. )

The performénce of the spelling program is e¢aluated in two
#

-—

ways!
e

1. The group of documents analysed to form the program’s
prébabilistic heuraistics is, ip turn,l;hecked and corrected by
the spelling program.

%. The spelling program is compared to threé other
commercial programs. ’

The results of these tests are mixed. Special ghecking and
correcting heuristics are helgful for a good per formance of a

spelling program but perhaps the best correction method of

misspelled words is manual (user corrected).
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1. INTRODUGTION

Spelling checkers and correctors have become an important
tool in document preparation by word processing systems within

RS

the last several years. These spelling packages have Ibeen A
designed for use on documept texts( residing in computer files,g?
which may contain spelling mistak made by tée author (s) or
typist(s) of thg documents. Spelling checkers try to point out
the spelling mistakes in documents. Some spelling correctors
which make an attempt €o correct spellinéc errors have been

-

developed. '

New technology has~ added gnother way in which to easily
enter a document intb a computer file -- scanning’ the image of
the document with an optical scanner. The scanner reads the page
and creates a text fi}e of identified characters. However, the
software islnot per fect as it can make a number of mistakes as it

!

sSCans.

Spelling checkers which are designea to detect human errors
may not perform as well on spelling errors made by optical
scanners. In this paper, a system for spelling checking and
correction designed for use with optical scanners is described.
The system checks for errors which ;re due to scanning errors éhd
uses a probability based algorithm to select a correction without

user intervention. This spelling program is also evaluated in

various Wways. The aim of this project is to try to determine if

/
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the program implemented has any advantages over other commercial

checkers when they ire used %n text produced by optical, scanners.
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2. GENERAL SPELLING SYSTEMS . !
Most spelling errors are generated in the following ways

(ref. 1)1 transposition of adjoining letters, insertion of an
extraflletter, deletion of a letter of the word, substitution of
one letter of the word bygzaother letter, and any combination of
these. These errors are likely to be the result 'of keyboard
errors (i.e. striking the wrong letter on khe keyboard during
input) or ignorance errors !(i.e. user not knoging the correct
spelling of a word). A vord is usually identified as containing
an error when .it is not found in the spelliﬁgl program’s
dictionary. . Candidate corrections are formed by subjecting a
mfsspelling to these transformations (usually it ¥s assumed that
only Jone transformation occur% per miéspelling) and then
searching f;r the newly formed words in the dictionary: All

words subsequently found in the dictionary are considered as

possible corrections to the misspelled word.

o

\ The basic uh}t for speliing programs is the word. A word is

‘usuélly defined as at 1least two or three alphabetic characters
' A2

delimited by certain nonalphabetic characters like blanks and

hyphens. ¢

Another major part of the system is the dictionary. The
dictionary contains a representation of all woras recognized by
the system. It is.usually an alphabetized sequential list which
has been compressed in some way. This list‘could have various
representations. It could be some so?tdﬁ*,tree structure, or a

partial or complete hash table. ‘It can be compressed as well,

4

‘y Y



re
L

using codes, numbers, or bit combinations to signify the
apprdbriate letter combinations in the word. This list.of words
can be an exact represebtation of all the words in the dictionary

(a one—to-one mapping of code word to dictionary word) or an
. , &

‘approximate one (a one-to—many mapping of code word to dictionary

word). The advantage of an exact list is one of accuracy while
§ .

LA 1
the advantage” of an approximate list is one of- space.
Compression schemes have been extensively researched and some

A}
references can be found in the bibliography.

(C21,031,£81,091,0101)

’

Many spelling packages provide one or ,more auxiliary
dictionarigs ip addition to the standard one., The content of
these dictionaries\ is &éet dependent and allows the user to
tailor the system to the particular ﬁroject. .Special words ot
found in the standard dictionawny put ofte#,uséd by the particular
application can be stored in this user - dictionary or
dictionaries. When the word search is conducted: Epe system can

be instructed as to which specfﬁl dictionaries should be checked

in addition to theé standard one.
- »

The spelling checker/correctors baéically work in the
following manner. Each word is retrieved from the document file.
Sometimes, affix normalization is applied to the retrieved word.

After the word form is finalized, the dictionary is searched for

an occurrence of the word.

A spelling péckage defines a misspelléa“word as a word nmot

found in one of its dictionaries.” Packages can differ in the



»

) words;gaéy actually count as misspelled, however, because of

Ll ¢
-~

differences in dictionary contents, differences in the definition
of a document wprd,t in extent and method of affix’analysis, use

of supplemental dictionaries, and case sensitivity, i.e. unether

the distinction between upper and 1lower cases 1is preserved.

Distinguishing upper and lower case is difficult (he® do you

handle capitalized words at the begiﬁhﬁng of sentences?) and most

1Y

commgrcial packages-simply ignore case differerces.

If a word is found in the dictionary, it is assumed to be
correctly spelled, although this is not always true. A
misspelled word (one not found in the dictipnary) is indicated to

the user in some Eﬁay, usually either by highlighting it Cin an

interactive system) or by ”putting it in a list of misspelled

words (in "a batgh system). At this 3;3nt, the job of the

spelling checker is done and the user must decide whether or not

~to correct the misspelled words. In the case of a spelling

“corredfor, if the word is misspelled, an attempt' is made to

furnish the user with a list of possible corrections from which
the user can choose or to correct it without user intervention,

if the user wishes it.

bl

9

An optical scanner converts the characters of the text being
scanned to images composed of dots or pixels. For each letter,

it analyses these pixels and compares the results to the

charactdristics of model characters available to the scanner

program. On the basis of this comparisan, an identifying label
or character for.the image is chosen. Most of the time, this
LS

S

4



<character is the correctc one but mistakes do occlir (the numeral

one (1), is often mistaken for, the lower case 'el' (1), for

instance). Consequently, a new method of préducing spelling
(" -

errors in a document file now exists. Scanners generate errors

&

[4 . ’ -
from only three of the four above ways: deletion, insertion, and

substitution. Transposit}on errors do not koccuv. Also, any

spelling e%ro;s in the origina? document will probably exist in

the scanned documpent as well.

B t

n

Nor mal spelling'checzers dismiss pqurals §nd punctuation’
mar ks when they retrieve a word from a¥1fle. Words which have
been misspelled by hdmans usually diffegrifrom their co;rect
spellings by a combination 'of le&ters.\ There{ore; even
misspelied words will bel correctly retrieved from a document
using the wusual definition of a word: prgver, words wh;ch have
spelling errors produced by optical scaAners coul& coﬁ@ain‘

numerals and punctuation m%rks as part of a scanned, word. Then,

if the usual definition of a word is used, 'a scanned word

\

containing a sPelling error has- more of a chance of boing
retrieved wrongly. For instance, consider the wofq tnod'. An
opéical scampner ; could produce tbe word 'noOd’ from ‘'nod’,
mistaking the ZE(G'CG) for éhe letter oh (o). Since commercial
spelling checkers igﬁore numerals, they will read thé word 'nOd?’
as 'n' and 'd’. In addition, since these spellind chqckers do
not deal with words of one letter, 'n’ and "d’ are ignored as
well. Thus, this error could  go completely undetected. This
situation could make it hard to identify just where spelling

errors occur and would make it next to impossible to correct
o L]

[ A3
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. them. ‘Thds;'thc nature of a gpelling error produced by an

A) 9

optical scanner could be very different. This difference may not

. . . .
be detected by a '"normal' spelling checker.

- n - a v

2

The program written for this:proJect implements a spelliné
checker which is designed to chéck document files produced by ‘n
L-. gﬁtical scanner. Thé designiand manipulation of the dictionary,
N T a néjor part‘of. a spelling °"checker, is not greatly affected by

r . ' Ll
-the type of error in the text. However, the definition of a

; ) correction if misspelled will be great19 affected. This package

offagg the opportunity fd check’ for and corre a scanned

.document file in'a batch mode. . ' .

1vQ
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- B3s WORD DEFINITION .

) - X p . AY

A word is defined as a sequence of one or more of the
folldwing characters: all uppé? §nd lower case letters, all
numberg, and. all punctuation marks ex&ept delimiters. A word is

2

delimgtag'by spaces, dashes, and underlines. The characters

[ -
close quote/apostrophe ('), open quote ("), doubl e—-quote ("), and

comma (;) are stripped from both ends of:the word if present. The

characters exélamatioﬁ point(!), right parenthesist)), period

oy ’ I

f.D,Vcblon (), semi-calon (37, and question mérk (?) are

stfipped“from tﬁe tail end of the word if they are present. The
, :

chqracéers dash (=) and3underline(_) are stripped from the front

——

aof the pora iLf they are' present. These frulés are slightly
different from‘the usual ones employéd by the commercial spelling
checkers. Commercial programs do not have to worry about
numerals and punctugtion marks making up the misspelled words as

well as letters (except in rare cases. of certain keyboard entry

i‘.} ”

errors). Consequently, they” do not make allowances for such

*

problems 1n . -their checking process: The problem of n erals and
punctuation mar ks frequehtly occurring within scann words means
that a spelling program tailored for an optical scanner must use

slightly different rules 1n , the cHecking process. The
~ R
camplicated rules governing the presence of punctuaticn marks and

a
¢

numerals in scanned words ‘are needed 1n order to cor,re-:tlya

determine which words are misspelled. Since many letters are

often mistaken as non-alphabetic characters by ‘the scanner, as

many of them as possible should be. allowed tpo make up a word

o

along with _the letters. However, care must be taken t#at actual

a8 !
-

©
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punctuation marks are not mistakenly included in a word. For
this reascon, some punctuation ;Par%ctérs are not allowed to
em

appear in words, and some of t must be taken off the ends of

{
i

/<

The altérnative'to stripping selected punctuationhmarks from

the words.

the ends of wards is to tag as incorrect any word occurring next

to any punctuation mark, even if they are correct. These words

will then be counted as insertion errors and can be corrected in

the correction process. This may, slow the program down, as most
»
words will be correct yet all will be tagged as

and will have to be correcte;. Also, if such a word
happens to already be incorrect, the addition of the puncfuation
mistake would make it impossible to later correct the w@rd. This
is because words are assumed " to contain only one spelling error
and hencg are corrected for only one ervor. This could adversely
affect correcgion rates. Consi@érkthe example of having an '!?
mistaken for an el {1) at tﬁe end. of a word. In this case, the
""" would be stripped from the end of thé word and information
about a possible correction 1is lost because it is known to the

correction’ algorithm that '!' is often mistaken for '1'.

However, if the '!'' is retained, all words which end exclamatofy

“»
sentences will be found to be wrong (e.g., Oh boy! - boy! 1is a
misspelling). This would affect the program speed and could mask

any errors already existing in the word. For this reason, the

o \ il -
formeizbrocess of stripping punctuation marks where appropriate
‘ H

is used by this spelling package.

ol

L
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Finally, words  more than the maximum length are checked for
/ . :

and broken into parts if they«hccu?. There is no way at pres!qt

. Coa
that most words which are too/long can be corrected., Thelmaxihum

L3

word length allowed in this package is 24 letters. - This

']

restriction does not’haVe any adverse affect on the checking
" method because short words have a greater frequency of occurrence

than long ones. wovdé with length greater than than 24 will have

an cccurrence fregquency close to zero.

. . . : 3
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4, THE DICTIONARY

Vel

The "dictionary is a simple sequential 1list which |is
alphabetized according to tﬁe ASCI! collating sequence. This
means that ‘all upper case letters are lower in sequence than all
lower case lettersg and therformer appear in the list beforg the
lattgr. For exampié; fPeter', 'Canada’,,'cat'" and 'an' would be
ordered as 'Canada’, 'Peter’, 'an', and ’cat’. There 1is no
special reasonh why this particular sorting’scheme is used. It 1s

simply the one p?oQided' Wwith the language tools which were used

. ta generate the ggﬁlling program. ‘ The dictionary is contained on

-

a disc file. 7

’

In order to be effective, the dictionary must: con€3in
thousand;~of,uords. It is important that the dictionary be large
en;ugh to cover words most likely to be encoultered in any ‘random
text. On the other hand, a dictionary should not contain many
rare or obsgure words as they are more likely to match other
misspelled words than they are to occur in a document. A large
dictionary will take up a iot of storage, however there are many
wéys such a dictionary can be compressed. The dictionary used in
this package employs a simple compression scheme which provides
an exact representation of all dictionary words and has no loss
of information. A word is compressed based on the word
proceeding it. First, the word is analysed to determine if it
has a set of beginning letters identical to a set of beginning
letters of its predecessor word. The word to be compressed is

then coded as the length of the longest such set (which could be

11



zero) and the rest Bf‘its letters. Thus the list"wall'; 'walk",
'walking' is compresség as 'wall'’, '"3k’', '4ing’'. Since 'wall!’ is
the first word in the list, none of its letters can match
anythina and it is coded as 'wall’." However, in the word 'walk’,
the first three letters are the same as the first three letters
of the preceding word 'wall?, so 'walk'’ is coded ag the length of
the-sey (2) plus the rest of the letters in the word (k) or '"3k’,
For 'walking', the first 4\1etters are the same aé in "walk!?
which is its predecessor and it is coded aé '4199'. In order to
takeb full advantage of this scheme,>” the dictionary is
alphabetized and sorted in tﬁe way previocusly described, in the

ASCII collating sequence. The savings for a”" small dictionary are

re!

usually not much  but as the dictionary grows, the word
combinations get more redundant and compression will save a lot
of space. The dictionary used by this spelling package has
_approximately 60,000 words and is compressed about S50 ger cent
from the ariginal list. The advantages of the compression scheme
are that the dictionary is easy to read as an ASCII file, the
dictionary is easy toc form and to search, and there ; no loss of

information. With an index, the searches are relativeiy fast as

well.

The index for the dictionary is contained within the actual
pragram. It is a 26 member array organized so that each array
member points to the starting byte of an alphabetized section

signi fied by a new beginning letter. -

12



wa CHECKING METHOD

After the scanned word is retrieved frém the document file,
some spelling programs manipulate and analyze 1t before checking
whether it is contained in the dictionary. Two such processes
are affix normalization and case analysis. Affix normalization
occurs when selected suffixes and prefi;es are removed from the
word, reducing it to its stem. All words are made up of a stem,
prefixes (e.g. anti,multi,un,subd, ~and suf fixes (e.g.
s,ed,ab}e,ing). An affix is either a prefix ;r a suffix. A word
may Have any number of affixes, r;ncluding none. There is no
*fixed list of affixes and in some cases an affix in one word ig/a
stem in another (as in over and overdone). Many spg}iind
checkers use affix ndrﬁalization to ‘reduce the 51;9 d; the
dictionary because, in éheory, only word stems need to be stored.

F « .

However, the d1fferences between affixes and stems are blurred 1n

many cases, and the rules for putting stem together with its
. . Y -

affix have many exceptions. This te;hnique introduces a source
of possible error in the detection of misspelled words. This is
Hécause some misspelled words can be accepted as correct after
t;ey have been pared down to their so-called stems. Take theh

case of the word 'tailed’, misspelled as 'talled’'. Since 'ed’ is

an affix, it is removed befare the word search. The resulting

"word stem 'tall’ is found by the spelling checker to be right,

even though the word 'talled’ was wrong.

)

No affix normalization per se is used in this program.

Rather, all word forms are included in the dictionary. As shown,

13



affix stripping can lead to a decrease in the ability ¢to
correctly identify miéspelled words. The dictionary has been
«compressed in such a w;y that similar paéterns in words are not
repeated needlessly, "so the retenticn of most affixes will not
greatly affect its siie.o The only’affix which islstripped from
all scanned words is " 's " which signifies bossession. There
would be 1laittle advantageh in including in the dictionary all
words which can have this ijix since this group consists of all
nouns and is much too large.

l

° ~

It i 1mportant to note the casg tupper or lower) of the
letters which make up a word before the dictionary check.
'Peter’ and 'peter' could be different words and 'canada' is
technically a misspelling. Each of 'the', 'The', and 'THE' is an

+ acceptable word. But should all | three N\be gzincluded in the
dictionary™ The soclution consists of man:pul?ting‘case s3 that
cne word is stored but all  proper case forms of a word are
afcepted as corrvect words, and tégged as 1n:-orrect if the case is
wrong. This problem of case is similar to the one of affixes,
but is more general. There are really no rules which govern case
other than those which address proper nouns and words which begin

a sentence. The qét of different case forms for all dictioﬁé}y

words is too large to include within the dictiongpy itself so

©

Al
case must be handled in anocther way.

Most commercial épelling pr ograms sgpply ignore case
differences, mapping all letters ¢to the same case. With these

programs, misspellings which result from the use of the wr ong
]

14
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case of a letter are not detected. This is not a serious flaw

because such ,misspellings make up a low percentage of the total

set of misspelled words in a ‘document. Moreover, they do not

render a document Qnreadable. However, it would be preferable if

séme case checking were performed on the scanned words before
—

dictionary checking. .

¢

e

Case analysis may be a little more important in a spelling
program for scanped docdments. A few pairs of upper and lower ~
case letters are subject to being mistakeniy exchanged by the
scanner., 'P? and 'p'’' and "0’ and 'o' are examples of similarly

shaped letter pairs which could be exchanged by the scanner.

The dictionary for this spelling program retains some case
distinctions for proper nouns. For example, the name 'Betty?’ is
stored in the dictionary with a capital rgr . The name ’'Bill’
does not, cn the other hand, gppear, because the lower case
'bill’, referring ¢to an invoice, is present. In this instance,
A@ mapping o¢f letters occurs. To continue, every scanned word is
given a7 class according to whether 1t is all lower case, leading
upper case, or &JI1 upper case,. The dicticnary search for the

word is then performed according to the class the word falls

into.

A
i

After the final form of the word is determined by affix

%

normalization and case analysis, the dictionary is searched for

that form. The index is consulted first for the proper place to

start the search. This is ing_to be the first byte of the
\

section identified . by the ' beginning letter of the word in
y 4

//

————

15



question. The entire section is searched sequentially from this
byte onward ‘- until either the word is matched, the end of the
section is reached, or the word passed4 the place where it should
have Seen alphabet}cally. I1f the word begins with an upper case
letter, it may be found at either of two places in the
dictionary. It could be found in the upper case portion i¥f it i%
a proper name, or it could be found in the lower case portion if
its leading letter,has been capitalized for some other,reason
(e.q. it begins a sentence). In a situation”like this, when the
leading letter 1is upper case, if the word fails to be found in
its existing form, it may still be in the dictionary, but in the

lower case porticn, Thus, the search is done again with the

leading letter changed to its lower case equivalent (e.g. 'The!

becomes 'the') . The search is per formed unt1l one of the end
conditicons is reached again. This type of search takes care of
sentence capitals and proper names. Words coansisting of  all

upper case letters are automatically mapped toc lower case before

the dictionary search. Words consisting of a mixture of upper

% .

and lower case letters must be matched exactly in the dictionary.
Obvicusly, this is wonly a partial case analysis and will

\
alleviate only some of the prablems.

A word 1s only searched for in the dictiopary 1f it has a
chance of being there. words‘gd length of one are ignored by the
spelling program -because it is difficult to separate legal uses
of one letter words. from illegal uses. Although words such as

'a and "1’ are correctly spelled words, ghey alsoc can occur in a

text produced from an optical scanner as the result of improperly:



rccogni?ad numbers, muléiple errors, or noise (di?ﬁ on the
paper). . Other single letters can dlso occur in the text for the
same reasons. Since it is difficult ;o determine whether or not
they are. correctly used in the text, they are simply ignored. .
This has the same effect as assuming that'éil“one letter words
are correct, but there/ is no dictionary search involved. Nord;
of length longer th;n the longest dictionary word and words with
illegal punc::;tibn }n them are immediately rejected as épe}ling
errors withouf a dictionary search. fhe only punctuation
character occurring in Qo}ds in the dicti&nary is close

quote/apostrophe (7).

[

The ébelling checker part of the program produces one file
for the user called WRONG.WRD. This %ile contains a list of
possible misspeliings in the user’s document. The list contains
line numbers to help the user to find the misspelled words in
context within their document files. The original input %ocqment
file is unchanged. After checking _ théxspelling, if the wuser
specified both the checking and correcti@g parts of thg,spelling

—

program,‘the program continues to the next step.

4
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6&. CORRECTION

3
The corree%fon algorithm receives as input all words which

the spelling q&%ﬁ%er cannot find in the dictionary. These words
are assumed to be possﬁble misspellings and to have at most one
spelling error,_ in theﬁ;. This assumption is made by \gost
commercial spelling prograﬁs. The correction p:ocess ip;olves
fin&ing'words whi%h exig: in the "dictionary and are likely
corrections of the misspelled word. The decision of the
likelihoaod of being correct for each candi?ate word is based -on
how similjfly spelled both wards are to each other. , Since an
assumption of only one err&r is made and no Eranspoéitioﬁ errors

can occur, candidate words will differ from misspelled words in

only one letter position. - -

N
AR N
! s

-
\f

to the user along with the misspelled word. The user is given a
choice of accepting the missbelled word as 1is, cﬁoosing the
correct spelling from the.candidate list, or correcting the word

himself. .
; %

A pcocpular algorithm for finding candidate corrections
involves <creating the candidate words ;}om speci fic ~letter
c¢hanges in the word. These . candidate words <¢an be found by
systématically altering, one at a time, the letter positions of

the misspelled word, trying to "mimic the error process in

reverse. . Substitution errors are 1nvestigated by substituting

for each letter in the misspelled word, all other letters in the

alphabet, forming twenty-five new words for each letter position.

3

18 ‘ v
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0 \ .
After thé\liqt of candidate corrections is made, it is shown
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A

- letter combinations have a low probability of occurrence in order

N R

S X .
Deletion errors are investigated by deleting each letter in turn,
to form one néw word. For insertion errors, extra letters are
added before, after, and between all existing letters of the
misspelled word, to form a set of twenty-six new words for every
new position. Each new word formed by one of tl:ese methods is
checked against the dictionary and added to a list of candidate
corrections if they are found there. This is the most general
way in which most commercial spelliniﬁ;ogr'am's’ findl new candidate

words. This method has been altered-and made more efficient in

the spelling program implemented for this report.

-

-4

It is clear from the previous discussion that the n;ethods

described could be time consuming. The time required can be
. A

reduced, however, by noting that some 1letter combinations will

never occur., These combinations neid not be checked for, thus

saving time. Expanding on  this idea, some letter combinations

"which occur with very 1low probability. can also be cut out for

further, 1larger time savings. The question becomes one of"
balé\ncing between accuracy of the spelling correction and time

consumption.

In the spelling program which I implemented, for all three
types of errors, heuristic or statistical methods are used to

determine probable corrections. Thege ére{ based, on the data

. analysis of a set of stannhed test documents. This means that a

set of scanned texts is used as a training set to deternmine which

v

. ¢
to eliminate them from the correction processes. This is

27 - * 19*"

3



possible because the errors an optical scanner makes 101169
certain patterns in most cases. The choice of letter a gscanner
makes is based on an examination of the charad¢teristics of each
letter. If this choice is wrong, it 1is probably because tp’
recognition algorithm of the opticél gcanner 'had difficulty
discriminating-between the'chara&teris@i;s of the true letter and
the characteristi;s .qf the bad letter. This failure to
distinguish letters 1is naot random but ?onsistent, and, so a

pattern forms in the mistakes made. For instance, the number '1t'

can be consistently picked instead of the true letter 'el' (or

9
173, This is a reliable pattern so that the most likely
‘correction  for  a miéépelling with a one '1’ is found by
substituting an el '1' for it. The package tales adbaqtage of

the existence of such patterns and discards those transf@rmations

which are highly unlikely tooccur and are very costly in time..

Inevitably, sometimes such decisions will be wrong, and iﬁtorrept
pattern jﬂill be mishandled. But the aim is for this to happen

with very 1low probability. These few mistakes are worth making

if program running time can be greatly reduced. - '

When dealing with substitution errors, each font is
associéted,with a table called a confusion matrix. An exampl% of
-a confusion matrix, for sc;nned letters 'a"througﬁ"m', is shown
in Table 1 on the following page. The confusion matrix i1ndicates
which letters in the te%t may Se in error (vertical) as well as
what the true letters for these errors may be (horizontal). The

table is a 26 by 26 matrix where rows and' columns are labelled by

the letters of the alphabet. It is fbrmed by noting which

20 v
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»

1. Example of a confusion matrix.
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letters in a test data set have been incorrectly scanned and by

indicating in the matrix what letter yas guessed instead and how

N

many times this erroneous guess occurred.

[N
’

In the example in Table 1, when'qne reads across the row
labelled 'a;, the numbers indicate that uhénever.the letter 'a;
appeared’ in the scanned data, %he correct letter wag, in fact, an
'a' in 811 out of 814 times, an 'h' in 1 ﬁyt of 914 times, and an
'm? iﬁ 2 cut of B814 times. Thfs table indic;tes to the
correctién p;ogram tHat the Letter.'a’ will probablyvbe correft,
for the test data, but that it could be an m or an h so it muét
check these letter substitutions bgt no  others. Instead of
twenty-five new possible words being formed, 'hqw only two are

formed. The idea is to extrapolate from this test data analysis

to all otheﬂ<texts which, may be formed by scanning from this

particular optical scanner. -~ This spelling program assumes that

for any document given to it from this scanner, ‘the statistics in

the confusion matrices are appropriate.

]

- N &
There are some important points to make about the

correctness of this assumption: . !

4

(1) the test data' set should be sufficigntly large so that.

statistical variability 1is low andEJinférences about the
’ ) . ‘
lérger world can be drawn from it,

"J

v £
. ) ”
(2) the text data "~ should be representative of the material

tc be scanned, and .

P2l
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(3) these statistics Decessarily pertain only to the optical
scaﬂkér software for which they were compiled. - Other

scanner programs may produce different statistics.

\

In 'Tordinary!’ corréctors, each letter in a missﬁelled word

is considered a poésib}e mistake. S0, each letter 1is replaced
with each other letter 1n the alphabet and the dictionary is
checked for the reSQItiAg word. The missﬁelling 'onf’ could
yield 'off' and 'one'\ from such a corrector. When confusion
matrices are used, not all Jetters in a misspelled word are
considered possisle m{étakes, oply those which were i?corregtly
scanned in the training documénts. In Table 1, the letter 'f’
(of letters réad by scanner) was actually an 'f' in all of the
190 times it appeared in the training documents. In this case,
the letter 'f’ is never considéred as a possible mistake when it
ocﬁurs in a seemingly miéspelled word. Lilewise, not all letters
in‘the alphabet. are considered as'possible corrections. In other
wordg,gwﬂ)' certa}n letters are considered possible mistalkes and
;hey are corrected only by the letters paired with them in the
table. Fesulting words are then checked ag;inst the dictionéry.
If a word aﬁ ears in the dictionary, it is added to the possiblé
corrections list. This list is output from the correction
program when it has finished correcting all words which were
tagged as possible misspellings by the pr;gram’s spelling
checker. » | 3 ’

o

1

As already stated, the use of a confusion matrix as an aid

to speélling correction is a method which improves the correction

4
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p
algorithm over' the 'brute for;e' method oé trying all letters in
the alphébet \fdr' all letters in the  misspeiled word. It
represents a large savingsh in time, egbécially for large words.
In the case of data producéd from an &ptical scanner, it is the
'only ;ay .to deal with punctuation characters which have been
mistaken for letters. Each punctuation character which occurs in

4 . -
the analysis of the test data has a row in the confusion matrix.

For deletion and insertion, the test data se@gwas analysed
to form a group of deletion letters ana a gréuh aof insertion
letters. In ?he case of deletion, the program s&mply inserts
possiﬂlgfdeletion letters intc all possible positions in a

- misspelled word. In‘ the case of insértian, the misspelled word
is checked for each 1nsé;tian letter and if one 1s found, it is.
deleted. The resulting wordsnfound from each process are cheched
against the dictionary and are added to the list of pogsibLe,
carrections if they are found. As an example, 1f it 1s found-:
from an analysis of the test data that 'lfgand 'w! male up a -
particular deleticn group,’but that 'r?’ does not, then the.
misspelled word 'ise’” would add the words ';sle' and 'wise' fram
deletion errars to the correction list (if the wordes were 1n the
dicticnary 0. The word 'rx;g’ would not be added because 'r!' is
not in the deletion aroup. If "' were 1n the 1nsertion group

)

\and’the word "ha'nd’' was the misspelled word being corvected, the
word 'hanﬁ' would be added to the correction list. As in the
case for substitution errors, the statistics found from the test

data set are expected to permtain to other documents which may be

produced from the proper scanner program. . This analysis should

/ ' 24
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be good for most deletion/insertion patterns existing in
documents but, of coursé, it will not be 100 per cent accurate.
This is because all decisions are based on an analysis of test
data. Although this data shouid be a good representation of the
entire population, it is probably not an exact copy of the entire
population and ¢ cannot be 100 'per cent accurate'about all of
the characteristics of such a population. For example, if the
misspelled word 'ise! resqlts from a deleticn error of the letter
'r' in the general population but only rarely, this fact may not
be discovered from the test data analysis. In this event, the
word 'isé' can not be properly corrected. The statistical
methods do not guarantee 100 per cent accuracy. However,
processing 1s much\faster when such methods are used and accuracy

‘is still high.

There is .ancther 1mportant assumption made when

discussing the corvection of possibly m1sspelled words.

i

Misspelled words are assumed to contain only cne error. This is

‘

an assumption made in host commercial spelling checkers and has
been made for this spelling program as well. For texts typéd by
huﬁaﬁs, about 80 per\ffgnt of misspelled word; contain only one
ervor [ref. 4].: Thus, t;é percentage of words whigh contain two
or more errors is considered to be small encugh to ignore whén
given the choirce betwe;n the enormoué‘ number of possible
corrections and the time consumption and accuracy of the spelling
program. In the case of this spelling program, an analysis of

~.
the scanned test documents of approximately 288€ words Kéyeals

that the per cent of misspelled werds which contain only one



. ©
serror is about 77 (seé Tables 5a, Sb, 5c, Sd, and Se). It

appears that this is still a good assumption to make.
“

There are two major. problems with ‘checkinb for multiple
errors which make it in#fficient. The time 1t takes to check a
word for multiple errors is more than triple that of Jjust
checking for single errors, based okx an experiment of the test
documents. This is because all words found from single
transformaticons are themselves transformed again (and foar as many
‘errors as néeded to chechk for) leading to a huge increase 1n the
number of wo;ds checlked against the dictionary. Since most of
these words will be wrong anyway, 1t really is a waste of time to
chect for the few that would be correct. In some cases, it would
tale less time to go through the hocument @manually' Alsa,
although most of the words checked against the dictxonaryﬁzye
incorrect, there 1s sti1ll an 1ncrease 1n the number of words
added to the corrections list. Since the point'of such a 11st\is
to 1ndicate probable corvrewtions to the user, the 1nclusion of
tos many words renders the list less useful because tao many

wards can be confusing.

The correction program duees more than just output iglist of
candidate correﬁ%lons for the user, A version offthe'cﬁrrected
text is  automatically geﬁerated and cutput as well. As far as
can be determined, this 1is not done by commercial programs.
Commerfial programs are interactive, * giving the« user an
opportunity to carrect hisépelled‘ words as the program finds

<

rthem. In this way, corrected versions of the text are produced

26
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but they are the result of direct user intervention. If the user

has no inclination to correct the words, then they are not

corrected by the program.

Ay

This spe{ling program automatically produces a corrected
text for the user. The chaoice of correct form for the misspelled
word is chosen from its list of candidate corrections. If a
misspelled word has no céndidate corrections, there is no final
correction and the uordiappears in the corrected text exa%%ly as

it appeared in the original text.

For the 1mplemented spelling program, when a candidate word
is added to the correction list for a misspelled word, a ranking
is computed as well. The candidate word with the highest ranking

is chosen as the final corrvrection for the misspelled waord 1n

l

-

question.

The ranking of a word is formed from the data analysis of
the test data set,. For substitufion errors, the most common
substitution erraor for each misspelled letter‘was noted, then the

y

next-most common and sa an.

When a new candidate worq*is formed, 1t receives the ranking
of the letter which .Qas used to pFoduce it. All words formed
from reyersinﬁ substitution errors have higher ranks than words
formed from reversing deletion errors which, in turn, have a
higgér ranki;d than words formed from reversing insertion errors.

The rationale behind this is that substitution errors by far make

up the” bulk of the errors which cause scanner read misspelled



words. For the test document set, at 1least 57 per cent (see
‘Tables Sa - Se) of  the migspelled words resulted from
;ubstitution errors. Deleticon errors come ngmt, for at most 4
per cent, and insertion errors accounted for at most 1 per cent
of the errcors. So, a rough ranking would divide the words in the
candidate g&;nﬁ into three\ ranked parés as (1) substitution, ()

deletion, and (3) inserticon.

At "the ne«t level, words within each gqroup are given a
ranling, based on the occcurvence value of the different scanned
letters within the word. Although this ranking, ultxmatély
depends on the confusion matrices found by the data analysis, it
also tales 1nto account other factors. Since misspelled words
with punctuation marks within them are ;?ba¢s considered
misspelled, all these words have a higher ranking than words
without punctuation 1n them. Letters (and thus waords) which are
lower case letters have a higher raoking than letterg which are
upper case letters. This 15 because lower case letters occur
more often and are more likely to be correct. For 1nstance, if
the character '!? had baoth L' and 'l! as possible character

2

corrections, baoth occurrina as the true correction 1n S per gent
of the occurrences, :1' would sfxll be given a higher ranking
than 'L°'. In this way, ties are braken by noting which character
woulé male the most sense most of the time. When this vind of
Judgment cannot be made, ties are broken randomly. Admittedly,
some of these ranling decisions are a bit arbitrary. Most

ranking decisions are based on the prcobabilistic analysis of the

(test set but some of 1t is based on hotions of characteristics of
¥



the English language. The purpose is to make sure a correct word
will be chosen as often as possible. This is , in the end, an

'
extremely difficult tﬁxngito do. Moving aside the more arbitrary

decisions for a moment, it means 'thaf when a word 1is picked
because it contains a character correction which occurs more
often thanmn any other charactér correction, it will be chosen 100
per cent of the time even though 1t only accurred say 40 per cent
of the time. This means that this character pattern will only be
corrected properly 40 per cent of the time. 1f all the words
were caorrectable, and if they all had at least one correction as
ngh as 40 per «cent, then the entire corrected text would haQe
only 40 pgr cent of its misspelled words corrected. But it has
been foynd in this research projecfwthat only about 77 per cent
of the misspelled words in a document are gorrectable. Alsc, many
of the correctable words do not have letter correcticons which are
as strong as 40 per cent. The longer the.candidéte l:st, the
weaker (the lower the percentage of any one word) each individual

candidate correction is.

The calculation to determine which candidate correction to
choose i's tricky. Rankings can chaﬁge slightly from one dacument
to the next, even though the statistics do not change much.
Where one word is chosen as a correction based on rankings fram
the test data, 1t will ak§o be chosen for all other documents
using the same sgglling program, even though 1t may not be the
correct choice in such cases. The statistical line between what
is chosen and what 1is not when twz words have close rankingsfis

hard to draw. This problem can only be corrected by monitoring

e

by
w
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3 S
the system continuously to see what kind of adjustments should be.

-

made, if. any can be made. The automatically corrected text may

never enjoy a high percentage of corrected misspelled words

simply because it is just too hard to rank candidate corrections._'

1

-

There are too many factors invelved.

- A
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L, DATA COLLECTION

The data used to develop‘ this program’s heuristics was

compiled from various sources. A list of these are as follows:

-~

l“)
e

(1> the top 499 words . taken from. a list of most

common words in the English language [ref. 151,

(2) a group of words called Spondee words, normally used dn

the analysis of #*x [ref; 171,

(2) a group of phonetically balanced words [ref. 171,

(4) six sets of ten sentences each from a group of

L R

)

phonetically balanced sentences [ref. 161,

(S)ten sets of each alphabetic character, and

)

(6)six pages from passages taken from variocus échool texts

-

CYEf- 17]- ? 2

These texts togethgr supplied 28B€ words and 10,576 letters

to the test texts and represent a good sample from the virtually

infinite population of everyday English. The exact distributions

of letters and words is shown in Tables 2 and 3.

This'spelling checker/corrector will work on any text file.

However, it has been designed for the textual ocutput produced by

an optical scanner. One variable the scanner needs to know about

the textual image is the font it was printed in. The font type

- governs the printed shape and size of the character set. Some

fonts inclade OCR A (Optical Character Recognition A), OCR B,

31
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Table 2. The number of words in each document used for pre-tests.

)

document : document number
contents. id of words
the ranked list ' . rnklst - 499
- the spondee words _ spnd 74
the phonetically balanced sentences phnsen - 478
the phonetically balanced words . phnwrd 208
the character sets stat 921
the school texts sthtxt o 1106
total number of words ' 2886 - b

e .:ﬁ’,
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rnklst
spnd
phnsen
phnwrd
stat
schtxt

‘totals

i rnklst
v spnd
phnsen
phnwrd
stat
schtxt

" totals

rrkist
spnd
phnsen
phnwrd
stat
schtxt

‘totals

spRd ‘
phnsen
phnwrd
stat

schtxt

rnklst -

2.

a
180
56
131
66
12
372

817

165,

18
100
44
10
282

619

o«

b

C

39 74
18 14
.28 S1
10 18
10 11
58 89
163 257
o p
203 45
62 12
140 36
sz 8
10 10
306 58
773 169
B C
o 0
o o
2 0
1z
10 i
6
Bl
15 19
o P
0 o
2 1
o 3
2 1
10 10
7 9
21 24

Table 3. Letter frequency in
pre—-tests.

L

d

Id

each document used for

.

e f g h i

84 322 48 S3.109 138

36 44 2 14 38 22

73 270 S0 43 138 95

(26 106 10 10 42 42
10 11 1010 11 10 1

157 545 74 127 294 242

386 1298 194 263 632 549 25
q 4 s t u v w
2 155 148 191 77 32 57
0 52 34 30 18° 0 26
1 108 149 159 48 18 39
0O 36 46 64 18 12 36
10 12 11 11 10 10 10
5 258°262 386 B84 25 1i4
18 621 650 841 255 97 282
D E F 6 H 1 J
o't o0 o 1 2 o0
2 2 0 0o o0 o0 o0
o o0 -1 S5 2 o0
2 ,2 0 0 1. 2 0
10 10 10 10 10 10 10
7 O 2 1 12 .27 1
21 15 13 12 29 43 11.

v [ 4
@ R S T W VvV W
o 1 1t 2 o0 o0 o
o 1t 2 o 0 o0 1
40 3 4 30 0 o0 2
Lot 2 2 0 0 1
10 10 10 10 10 10 10
4 0 13 23 0 0 14
14° 16 " 32 &7 10 10 28
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33
10
10
68
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126 85
26 14
g4 28
32 20
10 10
177 92
455 250
y 2
52~ 0
14 ©
25 5
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10 10
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1\\ 0
2 0
8 13-
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10 10
1 12
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ELITE, COURIER, LETTER GOTHIC, and PICA. The scanner used has

software which distinguishes between fonts. For different ‘fonts,

the scanner uses different recognition algorithms. This 1s
because the same letter in two different fonts may look d;\(;rent

to the scanner. If a text file printed in COURIER is scanned by

Iy

the récognifion algorithm for ELITE,~ihe rate of recognitihptwill
be low. The optical scannér software used prpdﬁcgs output ;rom

text printed in five different types of fonts. These are OCR A,
OCR B, CO%RIER, ELITE,‘and GdTHIC.ﬂ Thg character set printed 1in

these Jive different fonts is shown in Table 4.

Thq difference in font leads to different characteristics n

the misspelled word as well. For example, texts printed 1n OCR A

usually. have fewer mistakes in the scanned cutput than those
printed in any of the other fonts. This is because the OCR A

font was developed fir use with optical scanners and all the
. I's

characters have been desianed with distingujsking

~

cha:>&$eristics. Each font has a different set of mistaken
chéracters.: A spelling’ program must take this i1nto account and

o
have parallel alg&#ithms to deal with each font. -
S

[
o

The original set of documents was printed. in. the five
di fferent fonté of OCR A, OCR B, COURIER, ELITE, and GOTHIC. The
- -‘

data for the fonts COURIER, ELITE, and GD?HIquere printed from a
laser printer, the H/P LaserWriter. The data for the fonts OCR.A

and OCR B were printed from a daisy wheel printer.

)

The five sets of documents were scanned by an optical:
i

scanner using scoftware developed at Concordia University. Five

q

¥ ®
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Table 4. Examplds of font character sets.

[N
k)

A . \

1
. OCR As "

A,ac'ncr‘cul.:u.n.n‘opanxruv.uxvz 4

. sabcdefghijklesnopgqrstuvuxyz
'» - s 0 oo

OCK 'B1 ] -
ABCDEFGHIJKLMNOPQRSTUVNXYZ

sbecdefghijklmnopagrstuvexy?2

* A - s o

LY

COURIER:

ABCDEFGHIJKLMNORQRSTUVEHEXY 2

hbcdefgh1jkl'mnopq0rstuvw‘xyz

-

PO

ELITE: : : ' -
_ABCDEFGHIJKLMNOPQRSTUVWXYZ

nbcdoféghijkl-nopqtstuvwxyz.0

'S

a

GOTHIC | .
ABCDE’FGH’IJKLHNOPQRS.T_UVU'XYZ
abcdefgihfﬁJ\kl-'nopqrs.tuvwxyz.

- §

[



sets of scanned data output were produced, one scanned set for
L

each font.S These data are used to develop and test the checkirg

and cerrecting programs.

>
i -

. The documents. used to form the training set seem to bey
relatively repreéentative of comman English texts. In order to
have confidence in the per formance of t%e confusion matr1cesﬁbn
cther texts produced from this scanner softuaré; the tr;i 1ng
daocuments must be.sufficiently largg to enable precise estiymates

of the confusicn matrices. The binomial probability distribution .
- 1y

is used to estimate the precisicn of the proportions 1%“ the
confusion ﬁafriées. To determine the (1 - a cﬁgfidence 1qterval

around the true proportidm, the following formula is used:

(P’ - Za,2[P(1-F)/N1-8, P’ + Za, 2lF(1-P)/NI-23

IS

vhere N i? the number -of occurrences,

F* is the observed.prdbartion,

FFi1s the true propprtxon, anq

Zar2 15 the point on the séandard curve with tail

probability of /2.

.

-

A confidence interval ﬂj X per cent arcound the .true

proportion means that the true proportion” will be within the

3

interval X per cent of the time. A 95 per cent level of
confidence is the standard. When N is taken to be 96 and F to be

.5, the 95 per qent‘confxdence interval has a half-length of 0.1.

-

For P much higher or lower /thaﬁ .S, the i1nterval is narrower.

Also, if N, the sample size, is larger, a narrower confidence

a

interval is obtained. For an interval half-length of .05, almost

e
~
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400 occurrences of each letter must be sampled. For the more

let ters—ta,e,h,i,1,n,o0,r,s5,t), this 1is already the case.

r to get so many occurrences for all letters, ﬁgﬁglmore

RNts need to be analysed.

K]

Thus, -the texts provide ‘?5 per cent confidence that the
entries for all but the most uncommon lettgrs have a narrow range
of statistical variation (less than 10 per cent). This means
that at least 96 occurrences of each letter must be sampled (i.e.
muét occuy in the training documents) for most of the estimates
in\the con fusion maérices to be correct within a 10 per cent
range. In Table 3, it can be seen that all the lower case
letters excep£ rj'y 'q’, 'x', 'z' meet these criteria. No upper
case letters do. Since these letters are dﬁcommon, errors

cccurring among them are rare.

It 15 of interest to note for each set of documents how many
substituticn, insertion, and deletion errors were made. This

information, along with the confusion matrices, was used to

produce the , ranks of the candidate corrections for each
misspelled word, as described in a previous section. . Another
variable of interest is the split word calculation, In the

process of scanning these documents, the scanner produces a
difficult kind of error to deal with which can be des:cribed as an
inserticon error where the character beimg inserted is.a space.
This results in split words, most of which are found to be
m:sspellea words by the spelling checker. These 9plit words are

very hard to correct, because each part of the word is taken to

x
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be one complete word by the program and thus will usualiy have
more than one spelling error. Thesergpelling errors can be seen
f

! five ’
to be deletion errors and the number of deletion errors will

equal the number of letters of the original word which have been
split off from the part béiné examined. Tables 3a - Se gié;\?his
informati;n for each font along with the number of actual
mistaken words appearing in. each set of documents and words
having more. than cne error in them. This last ccunt does not
include any split words unless they alsco have other ervors

occurring in them. Moét calculations are done with the total

O

number of woards in  a document which have a length greater than

‘'one character. This total is given 1n the tables along with the

total number of woré% in a document (regardless of length) for
comparison, Alsc in these tables, 1ncorrect words are broahken
into five distinct categories, substitution, deletion, insertjion,

split words, and words which contain greater than cone error.

This set of tables gives an oyeréll evaluation ., of the
optical scanner scftware and 1ts performance on each font.
Misgpellings occcur at the rates of 11%1f0r OCr A, 317 for OCR B,
394 for COURIER, 274 for ELITE, and 10% for GOTHIC. The fonts
with the‘ best per formance seem to be OCR A and Gothic, It was
expected that "the OCF A font would do well because it was
developed to be read by optical scanners. However,, the other OCR
font, OCR B, does not do as well. COURIER has a slightly worse
performénce than the other three fonts of COURIER, OCR%B, and

ELITE.
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Tablg Sa

. Analysis of scanned document sets for OCR A.

# words in

39

total no. document with >1 lettev\1
document words in @ ———--—--————-————cco———eo -
id document total correct .incorrect
rnklst 499 “a97 az4 737
spnd 74 ' 74 64 10
phnsen 478 465 384 81
phnwrd 208 208 165 43
stat 521 S | 1 .0
schtxt 1106 1074 1021 o3
. totals 2886 2319 2059 260 i
- P .
incorrect
document  —rmmmemmmee e e e
id total sub ins del split >1 err
1 rnklst 73 &0 o o o 13
2 spnd 10 6 0o o 0 4
3 phnsen 81 32 0 0 41 8
4 phnwrd 43 21 o ¢) 13 9
9 stat 0 0 0 0 0 0
6 schtxt 93 24 o} Q 0 19
totals 260 153 0 0 54 93
Table legend: -
sub = substitutioﬁ error
ins = insertion error
del = deletion error
split = gsplit word . .
>1 err = more than one error in word
’ ' y
]
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Table Sb. Analysis of scanned*goﬁument sets for OCR B.

document
id

rnklst
spnd
phnsen
phnwrd
stat
schtxt

document
id

rnklst
spnd
phnsen
phnwrd
stat
schtxt

totals

Table lege

sub
ins
el dele
split = sp

su

total no.
words in
document

# words in
document gith >1 letter

L e i L T s p——

total correct incorrect
Ta97 . 33z 165
74 45 29 ,

465 261 204
208 109 99
1 9] 1~
1074 844 230
2319 15391 \ 728

T e . — — — — T G — T — T —  dn i o Y ot

—— —— — ———— — Y —— — — —— " — . Cov— - —

165 121 0 0 5 39

29 26 O 0 0 3

204 70 0 0 80 54

93 . 35 O 0 27 37

1 1 o "o | 0 0

230 133 0 0 14 23

728 440 0 0 12€ 162
nd: ’

. ;
titution error

inskrtion error

ion. errvor
1it word

/

0

>1 err = more than aone error in word

-
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Table Sc. Analysis of scanned document sets for COURIER.

: # words in
total no. document with >1 letter

document words in  -———--—mmm—ee——e—— e

id document total correct incorrect
rnklst 4393 T497 3z4 173 .
spnd 74 74 37 37
phnsen 478 465 320 145
phnwrd 208 208 144 64
stat S21 1 1 0
schtxt 1106 1074 682 392
totals 2886 2319 1508 811

incorrect

document — ~——-——e—mm e

id total sub ins del split >1 err
rnklst 173 136 o o - o 37
spnd 37 17 o (¢] o 20
phnsen 145 127 0 o 0] 18
phnwrd 64 49 ¢ 0] o 15
stat 0 o) o o o 9
schtxt 392 290 1¢) o ? 99
totals 811 619 O o "3 183

Table legend:

sub = substitution error

ins = insertion error

del = deletion error

split = gplit word

>1 err = more than one error in word

“

poes s
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Table 5d. Analysis of scanned document sets for ELITE.

# words in

total no. ‘ document wit@;)l letter

documeént words in e e

id document total correct incorrect
rnklst 495 Tag7 312 - 185 - .
spnd \ 74 74 37 37
phnsen 478 465 371, . 94
phnwrd 208 208 155 s3
stat S 1 1 0
schtxt 1106 1074 818 256
totals 2886 2319 ‘1694 : 625

o . ’ w

incorrect

document e ———— e .

id total sub ins del split 1 err
rnklst  -185 101 1 17  ~ o €6
spnd 37 18 0 O 0 19 -
phnsen 94 61 1 z 0 30
phnwrd S3 38 0 0 O 15
stat o Q O O QO 0O
schtxt <36 ‘142 S 2z 1 106
totals £25 360 7 21 1 236

Table legend: ‘

:

sub = substitution error B
ins = inserticon errar
del = deletion error . " .
gplit = split word . ' - -
>1 err = more than one error in word’ .
~ AN , “
N - \ )
V)

42



Table Se. Analysis of scanned document sets for GOTHICG

# words in

total no. document with >1 letter
document words in e e
id document total correct incorrect
rnklst 499 457 429 68
spnd 74 74 63 11 .
phnsen 478 465 432 33
phnwrd 208 208 188 20 .
stat 521 1 1 o
schtxt 1106 1074 981 93
totals 2886 2319 2094 225

document — —-—=-——-m—s—ee— e
" id total sub ins del split >1 err
rnklst 68 53 0 o 1 14
spnd 11 7 (0] ¢] 0 49
- phnsen 33 |, 28 0 Q 2 3
phnwrd = 20 20 o0 (¢ ¢] 0O
stat 0 0 o * 0 0 0
schtxt 93 84 (0] 0 4 S
totals 225 192 O 0 7. 26
Table legend:. - ’
sub substitution error )

ins = insertion error

del = deletion error .
split = split words

>1 err = more than one error in wqrd




For all five fonts, substitgtion errors were thé' mogt
common, followed by those errors which og&gﬁ.more than once in a
word. Insertion and deletion errors " occur very rarely. This
would suggest that spelling programs which adopted a strategy in
which substitution errors were corrected, insertion and deletion
errors were ignored, and somz>\attempt were made to correct

multiple errors, could have efficient correction rates. Finally,

words which are split by the scanner ‘software are a problem for

some of the fonts. Some corvection of these might also be

desirable. '
* P

s
<
. -0

> q

“v
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8. PRE-TEST ANALYSIS
The texts used to construct the heuristics and the confusion

matriceékfor the spelling program can be called the pre-test or

training set. These pre-test texés were analysed by hand for
incorrectly recognized letters. The use _of heuristics has
already been explained. The confusion matrices used by the

s

program for the five fonts can be found:in appendix A.

’
¢

-~
.

According to the pre-test analysis, no font %as a confusion
matrzx\with more than 43 rows (the characters idenfifieddbrongiy
by the scanner). The largest set of pq?sible correct letters for
.4 single row is 9. ELITE has the largest matrix and OCR A has

the smallest. This indicates that ELITE makes the lafgeéiﬁnumber

of unique ervors in scanning and OCR A makes the least.

The deletion algorithm is run on texts from OCR B data. The

insertion algorithm is run on texts from OCR “A, COURIER, and

-

ELITE data. Of course, each font has its own table of probable
insertion and deletion errors. Even though some fonts  do  not
appear to have insertion or deletion errors, sometimes & split
word or a multiple error will mimic a simpler ervor. 1f these

»

things were noticed as some kind of pattern in the preliminary

O

analfsis of the doEuments, then insertion. and deletion izoups

could be formed. GOTHIC was not found to have any signif\icant

X

deletion or insertion errors in the pre-test analysis.

It is useful to note how the analysis of the pre-test texts
- 0
affected the spelling check and correction of the same pre-—test

45



texts. For this purpose, a number of variables were mnasured.

. both after checking the documents for incorrectly spelled words

and afte; the correction of t{hese words.

]

The analysis done on the data after -the .spelling cP;eck is
summarized .in Tables 6a - 6e and Tables 7a - 7e. These tables
show how well the spelling checker performed on the 2886 words
for each fopt. To know how well the checker per formed, it is‘not
énough té count Jjust ‘th‘e numl;er of mistakes :tt.'\e checker found.
The checker <could have made.two serious errors in the process of

listing incorrect words:

(I) It could fail to identify some incorrect words appearing
in the document as incorrect (Tables 7a-7e). This can

happen in four cases:
Y .

® (1) When a word is msspelled as anotkuer word which
happens to be in the dicticnary. For example, _th;q-—uord

'from’ could be misspelled as ' form’.

(2) When the fifst letter in a word is misrepresented
as its upper case equivalent. For example, 'perhaps'

is misspelled as 'Perhaps’.
o

]

(3) When a misspelled word is only cne letter long.

(4" When a word is split into two Oor more parts each

having a length of one letter. \

\

. N N

(II) The spelling checker could also identify as incorrect

) ’ () .
some words which are actually correct (Tables 6a—6e). This

°
g~ —

AY
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happens in the case where a word does not exist ‘in the
dictionary but it is still a correct word. This happens
most often with proper nouns (such as Kimba)d and rarely used

words (such as,some chemical compounds).

Tables €a - 6e and 7a - 7e give the couﬁts for both kinds
»

-

of mistakes as well as for the words which were identi fied

. v
correctly as nmisspelled and spelled right. Tables 6a - 6e give
‘ %
the statistics showing which correct words were correctly

1dentifie& as such. Tagged words are assumed by the spelling

o,

program'to be incorrect, because “Ehese words. were not found in
its dictionary. Examples of tagged words are ’in' (n'umer‘al oneb'

instead of letter 'i'), 'The' (the letter 'c’ instead &f the

o
~

letter 'e’>, and 'pancaKe' C(upper g\a_se\'K' instead of 1 er case
. X

'k'). Thus, untagged words aye the words which were properly

identified. Tables 7a — 7e give the breakdown of spelling errors
which occurred in the training or pre-test documents. They' give

this breakdown both for eérrédrs which were detected (t) and for

-~

errors which were not detected (n).

A

v ®
When the document iS';hec.’ked for spelling errors, the:

diff,erenc‘e 1n font ;s- immaterial. Correct words always have the
same definition, namely that they are two or morelletters long
and contain only alp'habetic charac tersg or the close
quote/apostrophe. Likewise, the overall design of the correction
package remainsg ,ﬁ,he same for all fonts. However, the indiwvidual
p‘af'ticulars for .their correction aléorithms will dif fer between

)
¢

the fonts.
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Table 6a.. OCR A data analysis for correct words of pre-test

group after spelling check. y ¢

+ : g " ‘ /
document ' correct- .

id total tagged not tagged .
_____ —_——— e e T . .
rnklst 424 0o 424
spnd 64 6 S8
phnsen T 384 0 384 : .
phrwrd 165 0 165, =
stat o 1 o 1
schtxt 1021 @ 94 977 -
totals 2059 50 2009 ¢
Table legenﬁ ’ ' -
tagged = correct word was mistakenly . - '

identified as a misspelling.

» 48
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Table 66. OCR b data analyszis' for corract words of pr.-tcst
group aft-r schling chcck.

]

document - - correct
idg " total - taggcd not tagged
rnklst 332 0 a3z
spnd 435 4 41
phnsen 261 0 . 264
. phnwrd o 3- T ¢ 109
stat o . 0 0
~schtxt . , B44 1 843
totals 1591 s 1586
. ' 67. o

Table | egend ._

tagged = correct word was mxstaklnly
’ idént{ fied as a misspelling.

.
- N ]
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Table 6¢c. CDURIER data analysis for :orrect words of pre-test
group after spelling check.

ﬂ

document correct

. id . total tagged not tagged

rnklst 324 . 0 324 » -
spnd 37 3 34 AN
phnsen - 320 o 320° r
phnwrd 144 o) ‘ 144
.stat 1- 0 , 1
‘schtxt 682 26 656

Table legend

tagged = correct word was mistakenly
identified -as a misspelling.

-



Table 6d, ELITE data analysis for correct words of pre—test
group after spelling check.

.
e

document correct &f
id - total tagged not tagged ' N
. rnklst 312 0 312
' spnd 37 t2 35
phnsen 371 3 368
phhwrd 155 o} 155 '
- stat - 1 0 1
schtxt 818 41 777
totals 1694 46 1648 ’
D ' .
'Tab{e legeﬁd "

<«

tagged = correct word was mistakenly
identified as a misspelling.

]

uy ~
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Table 6e. GOTHIC data analysis for correct words

group after spelling check.

By

Lr g

" document ‘ " correct
id _ total tagged not tagged
rnklst. 429 0 429
spnd _ 63 4 59
phnsen 432 é? 3 . _ 429
phnyrd 188 £ o . 188
st 1 0. 1
schtxt 981 33 948
T - TTTTmmesssss o A
totals T 2094 40 ' - 2054

Table legeﬁd : )

tagged = correct word was mistakenly

identified as a misspelling.’

.92

o
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Table 7a. OCR A data analysis for incorrect words in
pre-test group after spelling check.

document - sub __° ins

del

id tot yes no tot yes no tot yes no
rnklst 60 S7 3 - 0 (o) o 0o o 0
spnd 6 6 0o o o o 0 o o
phnsen 32 31 1 0 o o -0 O o
phnwrd 21 18 3 o o o 6. o0 O '
stat (0] Q o 0 o (@) g o o -
schtxt 34 34 o0 o 0 o 6 o o
totals 152 146 7 0 0] o 0 o 0o
document split >1 eryr

id tot yes no tot yes no
roklst ©o o o 13 11 2
spnd (¢) o o 4 4 o
phnsen 41 34 7 8 a8 (6]
phnwrd 13 12 1 9 8 1
stat | o 0 0 (o) V) 0 '
schtxt 0 o) o - 19 18 1 ,
totals 54 46 B 53 49 4 ’
Table legend: .
sub = substitution error., - yes = misspelled word is
ins = ipnsertion error. caorrectly flagged as
del = deletion error. a misspelled word.
split = split word. . - no = misspelled word is
>1 err = more than one error not flagged.

in word .
g
N
1
‘.
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Table 7b. OCR B data analysis for incorrect words in
pre-test group after spelling check.

<
(o)
<

misspelled word is
correctly d as
a misspeliled word.

document . sub ins

id tot yes no tot yes no
roklst 121 118 3 0 o o
spnd 20 20 Q 0 0 o
phnsen 70 68 2 0 o) 0
phnwrd 35 32 3 ¢ o &)
stat - 1 -+ O o 0 0
schtkt 193 171 22 (¢ o o
totals 440 410 30 0 0 o
document ' split . >1 ery

id tot yes no tot yes no
rnklst S5 S O 39 38 1
spnd 0 ¢ @) 9 9 0
phnsen 80 65 15 54 , 48 6
phnwrd’ 27 ' 22 4 37 36 1
stat 0T 0 0 0 0 o, .
schtxt 14 14 0 23 =3 0
téotals 126 107 19. 1€z 154 8
Table legend: .
sub = substitution ervor. ' yes =
ins = insertion error.
del = deletion error. -
split = split word. N0 =
>1 err = more than one error

in ward

misspelled word is
not flagged.



Table 7c. COURIER analysis for
pre-test group after

incorrec;\\zrds in
spelling check.

5
€
. .

Y

in word

documento _sub - ins del
id tot yes no tot yes no tot yes no
——————— — ._——__.._......__..-___._.._—-—..__.——t.—_—_-_.__._._._.__._..._..
rnklst 136 132 4 o o .0 o] 0 o
spnd 17 16 1 0 0 o o (¢) o-
phnsen 127 123 4 o] ¢ o) (o] (o] (o) -
phnwrd 49 45 4 0 0 0 O 0 o]
stat 0 0 0 o {0 o 0 )
schtxt ‘290 278 12 o 0 o (¢ (¢ o
totals 619 594 25 o (0] o o (o) (0]
document split >1 erxy
id tot yes no tot yes no
rnklst o o 0 37 37 .0
spnd 0 o 0 20 20 o )
phnsen . 0 0 0 18 18 0
phnwrd o 0 0 15 15 .0
stat 0] 0 o o 0 ) ‘ - -
schtxt 3 2 1 99 98 1 -
totals 3 2 1 189 188 1
Table legend:
sub = substitution error. yes = misspelled word is
ins = insertion error. correctly flagged as
del = deletion error. a misspelled word.
split = .split word. no = misspelled word is
>1 err = more than cone error not flagged. -

t
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Table 7d. ELITE data analysis for incorrect words in

' ’
document

-

pre-test group after spelling check.

in word

(A

- 96

sub ins del
id tot yes no tot yes no tot yes no
— s —— o i = e s - i At o e e e s g S S gy e o i e o e e e e e Do o e ot o e e e g 24
raklst ¥ 101 94 7 1 1 o 17 9 8
spnd 18 17 1 o - 0 o 0 o) o
phnsen 61 60 1 1 1 o] 2 2 0
phnwrd 38 34 4 o 0 0 o 0 o
stat 0 0 0 0 0 Q 0 @) o
schtxt 142 136 6 S S 0 4 1- 1
totals 360 341 19 7 7 0 21 1z 9
-
document split >1 err
) id tot yes nao tot yes no
rnklst . 0 o o0 66 60 &
spnd 0 o o i9 . 19 0
phnsen 0 O 0 30% 30 0
phnwrd 0 0 0 15° 15 0]
stat- 0 0 0 0 0 0
schtxt 1 1 0 106 104 2
totals 1 1 0 23 228 8 - -
Taﬁle legend:
sub = substitution error. yes misspelled word is
ing = insertion error. correctly flagged as
del = deletion error. a misspelled word:
split = split word. no misspelled word is
>4 err = more 'than one ervror not flagged.



3

Table 7e. GDTHIC data ana1y51s for 1ncorrect words 1n
pre-test group after spelllng check.

£ 3

document - sub ins - del

id tot yes no tot yes no tot ye no ' )
rnklst 53 44 9 o 0. 0 -0 0 o
spnd - 7 7 0 (0] o 0 . 0 0 o .
phnsen 28 24 4 0 o .0 0 0 o
phnwrd 20 19 1 0 0 0 - 0 0 (o)
stat . 0 0 0] o) o- 0 0 0 .0
schtxt B84 70 14 o o 0 0 "0 .0
totals 192 164 28 o o0 o 0- o0 @
document split >1 err - N

id tot yes no tot yes no B
rnklst 1 1 O.. 14 13 1 :
spnd 0 o o 4 4 0
phnsen 2 1 1 3 2 1 ”
phnwrd 0 o O 0 o o -
stat 0 0 0 0 0 o .o~
schtxt 4 4 0 S S 0
totals 7 () 1 26 249 2
Table legend:
sub = substitution error. yes = misspelled word is
ins = insertion error. correctly flagged as
del = deletion error. . a misspelled word.
split = split word. no = misspelled word is
>1 err = more than one error . not flagged.

in word



The correction part of the spelling package consists of five
groupé of algorithms, one for each font. The flgw of these
algorithms is basically the same. Spelling errors produced by
optical scanners break down into 3 types (as opposed to the 4
normal mpnes): substitution, insertion, and deletion.
Substitution errors are by far the most prevalent. All five
fonts are checked for substitution errors. Only OCR A, COURIER,
and ELITE are checlted for insertion errors. Only. OCR B 1s
checked for deletion errors. The misspelled word is first checked
‘for substitution errcoars, then for inéertion and deletloq}errors
if indicated for the font. All the other combinations of font
and erraor were not found to cccur significantly in the pre-test
analysis. '

-
4

. Tables B8a %'Be show how well these heuristics per formed for
the correction part of the spelling program. These tables
indicate how many words were properly corrected in the corrected
version of the scanned documents. They alsc show how many words
had the true word occurring in their candidate correctign list
(add the number of properly corrected words to  the number of
words not corrected but with the right word 1n 1ts candidate
list). These pables show how well the correction algorithms did

for the pre-test documents.

Substitutions were qgenerally corrected. Insertion and
deletion (almost never occurred), split words, and multiple
errors (>1 err) were generally not corrected. Since correction

ang@ithms for split words and multiple errors were not q&ovided,

b
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Table Ba. OCR A data analysis for incorrect words in
pre-test group after spelling correction.

59

sub ins del
document ot cor not tot "cor not ot cor nqg
id c n cC n c n
——————— | e e Y QU e ———
rnklat 57 - 83 2 2 0 0 O 0 (o] 0 o O
spnd 6 S 0.1 -0 0 o o 0 0 o o
phnsen 31 28 3 0 o 0o o o (o) ® o o
phnwrd 18 14 3 1 0 0 o O (o) 0 o o0
stat 0 0° 0 0 o} 0.0 O 0 o 0 0
scht xt 34 30 2 2 0 o 0 O (o) 6] o 0
_______________________________ e e e et e et
totals 146 130 10 6 (o] o o 0 o] 0 o 0
split >1 err
documen ot cor not tot cor not E
‘1 ' < N c n
rnklst 0 0 o o 11 4] o 1r
spnd o} (o) o 0 4 0" 0 4 .
phnsen 34 3 0 31 8 0 o 8 \{
phnwrd 12 1 o 11 8 0 O .8 .
stat (o] 0 o 0 0 (o] O 0
schtxt 0 0 o ¢ 18 .0 0 18
totals 46 4 0 42 49 Q) 0 49
-Table legend:
sub = substitution error. cor = misspelled words were
ins = insertion ervor. corrected properly in
del = deletion error. the 'corrected’ text.
split = split word. not = misspelled words %gre
>1 err = more than one error not corrected
in word ' properly but [cl were
included in the list
of candidates or [n]
¢ were not in the list.
L] \



Table 8b.

OCR B data analysis for

incorrect words in

pre-test é%pup after spelling correction.

sub; ins A del

document ot cor not tot cor not tot cor not

id - : c n < n ’ c . n
rnklst Jd18 111 3 4 0 0 0 0 0 o] o o
spnd 20 188 0 2 L, 0 0O 0'0 o 0o 0 o©o
phnsen &68. 68 o o 0 o 0O 0 0 0 0 0
phnwrd 32 2%¥ 2 2 Q- 0 o 0O 0O o o o
stat 1 1 6 O Q 0 0O O 0 0 o 0
scht xt 171 ° 158 4 9 0 0 o 0 (o] o] 0 o
totals 410 384 9 17 O 0 O o0 ¢ 0 o o

split >1 err

document tot cor not tot cor not

id ' cn e n
rnklst S (&) 1 4 38 0 O 38
spnd 0 0 o o o o 9
phnsen 65 0 2 63 48 Q) QO 48
phnwrd { 23 3 317 36 0 0 36
stat 0 O 0 o O 00
schtxt 14 1 21 23 0 0 23
totals 107 4 8 95 15 0 0 154
Table legend: )
sub = substitution érror. cor = misspelled words were
ins =-.insertion error. corrected properly in
del = deletion error. the 'corrected? text.
split = split word. not = misspelled words were
>1 err = more than one error not corrected

in word properly but [c] were

60

included in the list
of candidates or (nl
were not in the list.

I
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Table 8¢c. COURIER data analysis for incorrect words in pre-
test group after apelling correction.

61

sub ins del .
document to cor not to cor _not tot cor . _not
id c ‘n c n . c .n
rnklst 132 125 S 2 o (o] o ‘0 0 o o 0
spnd, 16 16 o -0 0 0 o O 0 o o o0
phnsen 123 123 o0 o o. o o o 0 0 o o0
phnwrd 45 42 2 0 0 0 o o0 (o] o] o o
stat 0 o 0 o 0 0" 0 0 o. 0 0 O
schtxt 278 255 9-14 (o} 0o- 0 0 0o 0 o a
totals 594 561 17 16 0 (o] 0‘ o o] 0 o 0
split >1 err '
document tot cor not tot cor not
id ‘c. n . c n
rnklst 0 0 O 0. 37 0o o 37
spnd 0 o o 0 20 0 0 20— ,
phnsen 0 0 O 0 18 o 0 i8
phnwrd ‘ c 0 o 0 15 0 0 15
stat 0 o o 90 g“ 0 o 0
schtxt 2 O 0 2+ 9 4] 0 98
totals 2 0O 0 2 188 6. O 188
_ Table legend: »
sub = substitution error. cor = misspélled words were
ins = insertion _error. corrected properly in
del = deletion”error.’ , the 'corrected’ text.
split = gplit word. " not = misspelled words were
>1 err = more than éne error not corrected
in word ° properly but [c] were

included in the list
of candidates or [nl
were not in the list.

~
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»

/ )
Table 8d. ELITE data analysis for incorrect words in
pre—-test group after spelling correction.

Table legeﬁd;

= substitution error. ' cor =
ins = ingertion ervor.
del = deletion error. .
split = split word. ) not =
>1 err = more than one érror

in word

62

. sub " ins del ,
document ot - cor not tot cor not tot cor . _not .
id’ ¢ n c n. c n
rnklst 94 89 1 4 1 0 01 9 0 0 9
spnd 17 17 0 © o 0O 0 0 0 0 0 0.
phnsen 60 S3 4 3 1 0 o 1 .2 O "0 2 ﬁt
phnwrd 34 29 S O (V] 0,0 O 0 0 O o
stat 0 0 o 0 0 0° 0 o ) o 0.0 . '
schtxt 13¢é¢ 116 10 10 S 1 0O 4 1 0" 0.71
totals 341 304 20 17 7 1 0O 6 12 0O .0 12
gsplit >1 err

document tot . cor ;hgg_ tot cor . _not

id 2 N ¢’ n
—————— —— e e e S S, ’ 4
rnklst O O 0 0 q0 O 060
spnd o 0 0O o0 19 o 019
phasen 0 0 o o 30 O 0 30 L
phnwrd 4 O 0 0 o S ¢ 0 15, .
stat o 0 0 0 ©o o0 o0 0 - #

- schtxt 1 o o 1 104 2 0 102

totals 1 0 0 1° 228 2 0226 .

misspelled words were
corraected properly in

the 'corrected' text.
misgpelled words were

not corrected

properly but [c) were
included in the list F
of candidates or (nl

were not in the list.

3



Tabl. B-. GOTHIC analysts for incorrect words in pre—test
group after spelling correction.

- ’

- sub ins " del
—————————— s - - — i s s Y > - bt W s ot A s o o A o S S D s 200 e
document tot' cor _not tot gor _not tot cor _not
id € n ¢ n c n
e e ERmEnes - "'""’""‘-"--"-“"""“"""T'"‘"‘"""": -----------------
klst 44 40 1 3 ) 0 o o0 o 0 o O
7 7 0 O .0 -0 0 o o o o o
phosen™ 24 24 0 O 0 0O 0 © o 0O o0 O©
phnwrd 19 17 1 1 o - 0 o 0 o o o o
0. o o0 o O 0 0 O o "0 o O
schtxt ‘70 .58 -2 10 0 0O 0 0 -0 0 o0 ©
totals 164 146 4 14 O © o0 0o o o0 o0 o

N . '

, split >1 err )
| document  tot gor _not  tot gor _not .
1 ¢ n ' “pc N

: rrklst 1 6 01 13 0 013 R

- spnd 4] 0 o o 4 0 o 4
phnsen 1 0O o0 1° 2 o 0o 2 !

“ " ‘phnwrd o 0 0O O 0 0 0 O
. stat <0 0O o0 o . 0 0 o 0
_ schtxt 4 ¢ O 4 S5 o ¢ S
- !r . . totals (3 0O 0 & _ 24 o 0 24 "
] . PN o
.f v .o Taglo legendr S . ‘

! sub = substitution aerror. cor ‘= misspelled words were
tns = insertion error, corrected properly in
del = deletion error. = - / . the 'corrected’ text.

‘ split = sgplit word. - not = misspelded words were

. >1 err = nengﬁ;han one erraor not corrected
' in word - properly' but [c) vere
' " included in the list
. of candidates or (n)
. - ;. were not ih the list.
. . ] \‘i [
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their poor correction performance is not surprising. HWhen fhuy
are corrected, it is because their effect on the misspelled words

behaved like one of substitution, insértzon, or deletion.

In the énd, what really matters 1s the overall performance
of the spelling program system. Tables 9a - 9e¢ measure this
statistic as a éystem summary. The variable system effxcieﬁcy is'
used in this summary, éystem efficiency measures how well the
spelling program performed by calculating how much~betterl(x.e.,

p .
how much more correct) the corrected veréion of the s;aéned text
is over the scanned text itself. It is calculated as a ratio.
The numerator is the difference 1n the number of corrgct words 1n
the corrected and scanned documents and thé denominator 1s the
number of errors present in the ;ersxon of tﬁe scanned dgcument.
This ratio gives the percentage of i1mprovement 1n the zgellxng,
which 15 a measurement of héw uell\the spelling program oper ates.
- If all 1ncorrecdt words are corrected,cefficiency is 100 per cent.

1f none are corrected, the efficiency is O per cent.

f

thl; the system efficiengy percentages vary ;rom font to
font, they are all within 20 per cent of each other. There 1s Ao
one font where efficiency 1s particularly low &y partxcula}ly
hiéh. This shows that the implemented spelling program 1s fairly
stable in its operations and performs with the same basic
productzQ)ty fcer all five fonts. Even though OCR A and GOTHIC
are fonts that scan well, 1n terms of total system efficiency,

they are about the same as the others. However, 1f correctness

4
.
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Table 9a. System summary for OCR A.

- " scanned: corrected
total document document

# words ———=——- ————————— -
document w/ >1 # words # words system
id ‘"letters correct correct efficiency

rnklst 497 424 477 ., 737

— spnd 74 64 69 S0%
phnsen 465 384 415 38%

phnwrd | 208 165 180 35%

stat 1 . 1 1 122

schtxt 1074 ' 1021 1051 57%

totals 2319 2059 2193 S2%



7

»

Table 9b. System summary for OCR B.

total

. # words
document  w/ >1

° id letters
rnklst 497
spnd 74
phnsen 465
phnwrd 208
- stat’ 1
schtxt 1074
totals 2319

——— — f————— " - S - G — G ———

scanned corrected
document document
—myTmeT Tmmmeemeres A
# words # words system
correct’ correct . _.efficiency
332 , . 443 - 67%
45 63 62%
261 329 33%
109 140 317
Q 1 100%
844 1003 697
1591 1979 53%
4
N ’ \‘



System summary for

scanned
document

# words
correct

Table 9¢c.
total
# words
document w/ >1
id letters
rnklst 497
spnd 74
phnsen 465
phnwrd 208
stat 1
schtxt 1074
———'..‘....._...
totals 2319
) o

[

COURIER.

Eo}rected .

document ‘ <

# wofds syétem

correct efficiency -
449 *72%

S3 43%
443 85%4
186 667%

i t 22
937 65%
2069 69%
W
’ N
/.
L
4
67



Table 9d. System summary for ELITE.U o

. . scanned corrected

total document document
( _# words. ——=——==—  —oo———see
document w/ >1 # words # words system
id letters correct correct efficiency
rnklst 497 312 401 48%
spnd 74 37 o4 467
phnsen 465 371 424 S¢e%
phnwrd 208 155 184 55%
stat 1 1 1 ey
schtxt 1074 818 937 , 46%
totals 2319 1694 2001 497 °

68
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Table 9e. System summary for GOTHIC.

documaent
id

rnklst
spnd
phnsen
phnwrd
stat
schtxt

scanned corrected
total document document

# wordg ——————=  ce———————
w/ 21 # words # words
letters correct correct

497 429 469
74 63 0
465 432 456
208 188 205
1 1 1
1074 981 1039
2319 2094 2240
69

L

system
effici

597
647
73%
a5%
* %%
627%

ency
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in scanning and spelling are both examined, GOTHIC has a better

per formance than all the others so far.

Some care must be taken in evaluating a system on the same
data from which its statistical analysis was per formed. Th;
analysis will always be most true for the data from which it waé
drawn, so the resulting spelling program probably perfarms very
well on this data. The point of the statistical analysis'is for
the methods developed on the pre-test data to be transferable to
other data as well, as long as this data is part of the same
statistical environment. This can only be. done if the pre-test

sample was chosen and'analysed properly.

External tests which compare the spelling program with other
spelling programs are another way of evaluating statistical
methods used to build the implemented spelling program. These
tests will hopefully show how well the characteristics of ather

dacument qroups parallei those of the sample group.
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2. COMPARISON OF SPELLING PROGRAMS

The analysis of the speliing program developed for this
project i; not complete until_ it includes some per formance
statistics for the progrém compared with éerfor%ance statistics
for other commercial spelling programs. This program was
© compared fo three commercial spelling proérams, PAPERBACK SPELLER
by Saftware Ingernationa}, STRIKE by S & K Technology, and Al-
TYPIST by .AIRUS‘Inc. To make it easier to refer to the

implemented spelling program when making comparisons, it will be

called by the name SCAN-SPELL.

PAPERBACK SPELLER 1is an interactive program which checks a

user’s document and provides a correction procedure -for the

Ay

miséﬁelled words that it finds. It begins operation by searching
the document for misspelled words. FPAFERBACK SFELLER defines a
word to be anyq‘combination of letters and the apostrophe with a
length of 2 - 23, delimited by all other non word characters.
"
The dictionar; contains 60,000 words, including all .letters of
the alphabet, many proper names, nameé\ of\countries and many
cities, abbreviations, and some foreign words. The case of the
letters is igno;ed. Words longer than twenty-nine letters are
ignored (assumed to be correct). When PAFERBACK SéELLER finds a
misspelled word,' it displays and highlights the word to the user
in context. Also displayed is a list of no more than five
candidagg corrections. These five candidate words seem to be the

firet five found in the dictionary and no attempt is made to find

the most 1likely candidates. The user now has several options

L
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from which to choose. He may replace the Tisspelled word with
one of the candidate corrections. He may replace the misspelled
word with a correction of his choice which is not in the
candidate listﬂ He may i1gnore the misspelled word, leaving it as
it is. Once the user chooses which action to take, the program

resumes the search for the next word.

©

After the dozument has been caompletely read and corrected it
is retained under its original file name. The coriginal form of
the document, before the changes, is put 1nto a backup file.
Statistics are given as to how many words were 1n the document,

-
how many were misspelled, and how many were corrected.

FAFEFBACI, SFELLEF tries to 1dentify misspelled words which
exhibit cone or more of the four error types ‘(substitution,
'deletxon, insertion, or transformaticnd. In addition, " PAPERBACK

SPELLEF tries to detect words which run together, like 'andhe',

and words . which have been typed twice in a row, like 'and and

he'. It does not matle the assumption that misspelled words
contain only one error  but the correction rate 1s low for words
which contain more than one erraor. Alsa, the spelling praogram
depends heavily on the correctness of the first letter in the
misgpelled word. It does‘not correct words vary éfficiently when

the first letter 1s actually wrong.

STRIKE is another interactive spelling program which both
checks a document for misspelled words and provides the.user with
a list of candidate corrections when one is found. STRIKE,

however, must be used 1in conjuncticon with a word processor. It
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is not aﬂstand alone program. STRIKE checks the document for
spellind errors page by ‘page or ﬁaragraph by paragraph, but not
the whole dochent ét once. A word is defined by STRIKE to be a
group of 1 to approximately 15 letters, {gcluding the apostrophe,
sepqrated by all othéz non word characters except digits. MWords
csntaiﬁing any digits are ignored (assumed to be correct). Some
run on words can be detected. Letter case is also ignored. The
dictionary used by STRIKE contains 49,000 words. After an entire
block (page or paragraph) has been dhecked, the misspelled words
are highlighted. STRIKE displays{the do-ument a screen at a
time, not just a few lines, for context. The user may move the
cursor to each h1gh{ighted misspelled word. He may choose a word
from the candidate list to repface the word, he may choose to
edit the word, or he may ignore it. After this, the user must

specify that he wishes to check the next hleck of the text.

Since STRIKE operates through a word processor, the
dispositions of the changed document and the original document
are dealt w1é% by this word protessor and not by STRIKE.  Also,
all of the STRIKE commands are displayed-in pop up menus in a
corner of the screen. I1f the user wan;s to see a menu, he uses a
function key to display it. He must use the key again to net rid
of it before he can perform any more functions with STRIKE.

STRIKE gives no statistics at the end of processing and is harder

to use than PAPERBACK SFELLER.

.}I:TYPIST is  the third commercial spelling progr am

investigated. This is a simple word processing package with an
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option which can check spelling. A word is defined to be two or
more letters delimited by blanks, any punctuation characters,~or
numerals. There is a.main dictionafy to which can be added other
words. This dictionary contains 26,000 of the most often used
words. The case of létters is ignored. The document a;Eears on
the screén with all the found possible misspellings marked with
inverse video. These misspellinés can be edited and the file
. v

saved with the correct changes at the end of the session. In

this way, the spell checker 1s just a part of the editing
!

[

process. There are no statistics. This paclage does not correct

the wards.

SCAN-SFELL, the program developed for this project, 1s a
bat:-h program. Instead of highlighting the misspelled waords and

displaying a list of candidate corrections, 1t produces a file

yhich'contains a list "' of msspelled wards and a file which
conta1n§ a list of <candidate corrections. In addition, 1t
produces another file which contains the document with as many
misspelled words corrected as possible. The dictionary which
SCAN-S L uses «contains approximately 60,000 words. However, it

does not contain any one letter words, any foreign words, nor any

H

abbreviations.

FZom. the descriptions of each of these four spelling
programs, 1t 1s possiple  to predict a little about the behavior
of each <©n a scanned document. FAPERBACK SFELLER and SCAN-SPELL
have the most complete dictionaries and so should tag ,as

incorrect a smaller group of words which are actually correct
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than AI;TYPIST and STRIKE. Strike igéores all words containing
digits which means that it will ;;t detect many of théﬁmisspelled
words in \thé scanned document set because so many mistakenly
contain digits. PAPERBACK ,SéELLER, STRIKE, AND AI:TYPIST will

most likely read a word idincorrectly if it contains any

punctuation marks. On the other hand, SCAN-SPELL has been

‘developed to properly read both words which contain digits aﬁd

words which gbntain punctuation marks. Of the three commercial
spélling programs, PAPERBACK SPELLER has the best per formance.
Al:TYPIST gives no list of possible correétions and STRIKE misses
too many misspelled words. Also, the dictionaries of STRIKE and

AlI:TYPIST are less than adequate.

Formal tables have been calculated to compare FAFERBACK
: ‘ . N
SPELLER and SCAN-SPELL although informal comparisons are done

between all . four of the spelling programs. The Tables 11,-<for

scanned document characteristics, 12a - b and 13a - b, for the
after spelling check analysis, 14a - b, for the after spelling
correction analysis, and 1% - b, for the system summaries,

parallel those tables which were done from the analysis of the

pre-test documents.
4

The document scanned and used for thé comparison of the four
spelling programs was again taken from various school texts (ref.
171. This document contains 6950 letters in 1629 words. The
total number of words invthis,mdocument and the distribution

frequency of the letters 1is given 1n Table 10. Even though the

(*axfwords in the text are all simple, the most common words should be
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Table 10. Word count and letter frequencies for dochmcpf
, ‘used for comparison tests.

-

)
- PR
. !

# of words in document : 1629 .
# of words ?1 in document : 1578 . : .

-

A B C D E F 6 H 1 J K L N
s 5 € 2 3 7 10 17 7 2 8 0 7
N . O P°@ R 8 T U V W X Y 12
6 8 2 0 4 's .25 1 o0 7 O 1, 0

a b ¢ d e t g9 h i k 1 m f
620 77 139 317 824 180 183 454 425 1 60 293 153 v

~ n < P q r s t u v w X y oz :
462507 101 4 444 418 589 152 56 219 1 122 1 ]
{ .. !
- . | : - .
{
[] ¥ S 4
~ .
' N o
76 ’ ¢



Table 11, Data analysis of scanned document used for
' extarnal comparisons of spelling programs
SCAN-SPELL and. PAPERBACK SPELLER.

\ . ( : " # words in
' total no. document with >1 letter Ny
document' words in = ————-------oe- e —————
i id document total correct - incorrect
_—— OckR'A 1629 1576 18505 o 73 /
7 OCR B 1629 1578 1191 387
° ‘CMIER 1629 1578 797 761
. ELITE- 1629 1578, 1184 394
GOTH ] 1629 . 15%8 1393 . 185
totals  814% . . 7890 6070 . 1820
Vi ot ' J ' hed
, ) . .. T imcorrect. .
L docunent ‘—----4-—-;-—177 ------------- ——————— "
S, - | g total sub ins del split >l err
B oA~ "3 7sa” 1 1. 6 13
. OCk. B 387 ‘317 , & a 1 10 w8
A cowier . 781 ave o 1 0 302
., ELITE 394 23, 2 .1 0 160 .
A aqruxc 18s 152 o " 14 18
& ------ - -&—-.—..-----—-———-;———a— ———————————— S e
' totals Y 1@20 1236 a s 24 S5 ‘
~§ K ° B LI .

' o '
*1 - Table, legend: .' /// ) =
sub = substitution error . SR
4ns = insdrtion error .
del = dnl-tton error P
\ !&~

split = split word. . BN
% err = more than ong error in word.

feu s
4

oy
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Table 12a. SCAN-SPELL data analysts of correct words in
scanhed document used for external comparisons
of spelling programs after spelling theck.

° document  ' correct : T
id total tagged not tagged : ‘

OCR A 1505 . 33 1472

OCR B 1191 28 . 1163

COURIER 797 15 + .782

ELITE 118. , 31 1153

GOTHIC 1393 .25 1368

totals 6070 122 5938

Table legend
tagged = correct wﬁrd ‘wass mistakenly.
i&entifxed as .a mxsspellxng. . o
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« Table 12b. PAPERBACK SPELLER data analysis of corroct words
in scanned document used for external comparisons\
of spelling programs after spelling check.

documant ' correct
id total tagged not tagged

OCR A 1505 26 1479 '
™No.  OCR B 1191 24 11€7

COURIER . 797 9 768

ELITE 1184 24 1160

GOTHIC | 1393 20 . 1373 .

totals 6070 103 S967

Table 1egend M . ‘ :

tagged = correct word was mxstakenly
identified as a mxnspellrng.
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_Table 13a. SCAN-SPELL data analysis of incorrect words in

scanned document used for external comparisons of
spelling programs after spelling check.

incorrect

document sub 1Ns del '
id . tot yes no tot yes no tot yes no N
OCR A S8 S€ 2 1 1 o 1 1 0 y
OCR B 317 297 20 1 1 0 1 1 0
COURIER 478 468 10 0 0 0 1 1 o] .
ELITE 231 224 7 z 2 o 1 1 o A
GOTHIC 152 120 32 (o) 0 0 1 1 (o]
totals 1236 1165 71 4 4 0 S 5 0
LIS
incorrect N
document split _21 err
1d tot yds no tot yes no
DCR A 0 o 0 13 13 O ° .
OCR B 10 10 (¢] 58 57 1 .
COURIER Q 0 O 302 297 S
ELITE 0 0O 0 160 159 1 )
GOTHIC 14 11 3 i8 15 3
totals 249 21 3 551 S41 10 )
Table 1legend:
sub = substitution error. yes = misspelled word is °
ins = insertion error. correctly flagged as
del = deletion error. a misspelled word.
split = gplit word. " no = misspelled word is
1 err = more than one error not flagged. . a .
in word '
)
'
[ ]
pd
80. —



Table 13b. PAPERBACK SPELLER data analysis of incorrect words
in scanned document used for external comparisons
of gspelling programs after spelling check.

incorrect "
document sub ins del
id tot yes no tot yes no tot yes no
OCR A S8 52 6 1 1 o 1 1 0
( OCkR B 317 255 62 1 1 o 1 1 0
COURIER * 478 301 177 0 o o 1 1 0
ELITE 231 182 49 2 2 (o] 1 1 o
’ GOTHIC 152 63 89 o) o o 1 1 0
totals 1236 853 383 4 4 o0 S S 0
' -7 ) 4
—_— P
‘ incorrect
document osplit >1 err )
ﬁ id tot yes no tot yes no
OCR A ©o o0 o0 13 13 ¢ -
OCR B 10 - 9 1 o8 S5 3
COURIER o o O 302 216 86
ELITE . o o o0 160 115 45 .
GOTHIC 14 11 3 18 10 8 .
totals 24 20 ‘4 S51 409 142
5 ®
Table 1egend:
sub = substitution erron. yes = misspelled word is
ins = insertion error. correctly flagged as
del = deletion error. - . a misspelled word.
gplit = gplit word. no = misspelled word is
>1 err = more than one error “not flagged.
: @n'word . -
b
o \
* | -
-\ \ e
1 h J
{0«
' : 81
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" Table 14a.

document
id

OCR B
COURIER
ELITE
GOTHIC

—— - ——— o

id

COURIER
ELITE
GOFHIC

- — - — . s iy

totals

LY

.

SCAN-SPELL data analysis of scanned document
after correction used for external comparisons of
spelling programs.

- 0nt o G e G s e s g S . T . ——— — —— 4 . T - ———

- — e o — —— ————————

— . —— — —— —— S —— — — —— t—— — . fm- =D e o S GRS S S S S . S G — " o — T S S - — S ——

syb

ot cor
96 48
297 285
468 247
224 197
120 105
1165 882

ins

not tot cor
8 1 0 1
42 1 Q 1
221 0 0 0
27 2 0 2
15 (8] 0 (0]

283 4 0

Table legend:

sub ® substitution errcr.

ins = ingertion error.

del = dele

iOn error.

split = spNt word.

>1 ‘err =

more ,than one error
in word

82
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misspelled words had
true correction in
candidate list
misspel led words had
no true word 'in ‘
the correction list.
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Table 14b.” PAPERBACK SPELLER data analysis of scanned
document after correction used for external
comparisons of spelling programs.

]

document
id

OCR B
COURIER
ELITE
GOTHIC

— i ——— o ———

totals

document
id

— o —

COURIER
ELITE
GOTHIC

- — G . . —— D . - i — - — A T . T i Joe S vove i — T S

sub
cor not
43 9
175 ° 80
97 204
80 102
13 S50
408 445
split
cor not
0 0
O 9
0 (a]
0 0]
q ° 7
4 16

Table legend:

ft

sub

substitution error.

ins = insertion error.

del = deletion error.

aplit = gplit word.

>1 err = more than one error

R in ggrd,

ins del
ot cor -_not tot cor not
1 R o I 1 1 0
1 1 0 1 1
0 0 0 1 1 0
2+ 2 0 . 1 0
0 o] 0 1 1 (o}
_______________________ T e e
49 4 ~ 0 ‘ S S 0
>1 err
tot cor not
13 3 10
59 3 52
216 8 208
145 23 92
10 1 9
409 38 37t
i
cor = misspelled words had
true correction in
candidate list.
/ not = misspelled words had
h no true word in
- the correction list.
. {
A .
83 N -



Table 15a. System summary for SCAN-SPELL.

scanned corrected+«
total document document ‘%

# words ~--—-—-— —= o=

document w/ 21 # words # words system
id letters correct correct efficiency

OCR A 1578 1505 1553 667%
OCR B 1578 1191 1476 . 747%
COURIER 1578 1797 1044 32%
ELITE 1578 1184 1381 S0%
GOTHIC 1578 1393 1498 S7%
totals 7890 6070 6952 47%

+

= after automatic spelling correction by the program.-

.

I3
[
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Table 15b. System summary for PAPERBACR SPELLER.

scanned corrected

total document document
# words ——— ——— ~
document w/ 21 # words # words = system
id letters correct correct.” efficiency
OCR A 1578 1505 1572 .92%
OCR B 1578 1191 1512 . 837
. COURIER 1378 797 1315 66%
" ELITE 1578 1184 1484 76% o
. GOTHIC 1578 1393 1478 46Y .
totals .7890 ~ 6070 7363 71% . -

safter user has corrected all wdrds which were found
to be incorrect by the program. '

- . I

-
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the same as those in everyday English. These te<ts simply lack
the inclusion of complicated, longér words which, if correctable,

have more of a chance of being properly corrected 1n the (inal

-

output document.

As shown in Table 11, the rates of misspelled words for each
font is S% for OLR A, 25S% for OCR B, 437 for CDSR!ER, 25% for
ELITE, and 12% for GOTHIC. Once again, the data sHows that OCR A

b
and GOTHIC have the best scanner per formance and\\60URlER the
wo;st. Alsc, substitution errors make up the bulk of the
mistakes (68 per cent), with multiple errors then split words
com?ng next‘)(BO per cent and 1 per cent). Insertion and deletion

¢

erraors continue to be almost nonexistent.

Tables 1Za and 12b show the disposaition of the correct words

during the spelling check for each of the spelling packages SCAN-
. . .

SPELL and FAFERBACK SPELLER. SCAN-SFELL seems to mark as
incorrect more «correct words than PAFPERBACK SbELLER; 1.e. SCAN-
SPELL marks < percent and PAPERBACK SFELLER marks 1.5 per cent.
This is not necessarily a big problem 1n the long run. PAPERBACK
- SPELLER has abbreviations 1n its dicticnary while SCAN-SFELL does
not.} This means .that STAN-SPELL will marlk as incorrect all
abbreviations cccurring in the text, even when they are properly
spel led. However, because PAFERBACK SPELLER allows these
abbreviations 1n the text, many short misspelled words are
ignored when they havee the appearance of a correctly spelled

abbreviation. This is a more serious problem, resulting in many

incorréct words not detected and thus not ccocrrected. , As shown in

]
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tables 13a-b, SCAN-SPELL doe§ find 14 per cent more incorrect

words  than PAPERBACK SPELLER (95 per cent verses 71 per cent).

A

STRIKE and AI:TYPIST both mark many more correct words as
incorrect than ei1ther PAPERBACK SPELLER or SCAN-SPELL.. Examples
of words marked by STRIKE include 'swan’, 'stairway’, 'Canada’,
'steamship’, and 'David’. Examples of words marked by AI: TYPIST
include 'twinkled’, 'monkeys’', 'amongst’, and 'leopard'. This is
really just a dictionary problem, however, and these words can be
added to both the dictionary for STRIKE and the one for

AI: TYPIST.

In the analysis of (the incorrect words which both spelling
programs found, it is seen that SCAN-SPELL found 14 per cent more
incorrgct words than PAFPERBACK SPELLER (95 percent verses 71 per
cent). One problem with PAPERBACK SPELLER is, as stated, that 1t

has so many abbreviations in its dictionary that short misspelled

words are not detected when they are transformed 1nto one of

these abbreviations. Ancther problem with the detection rate of
PAPERBACK SPELLéR is that it misses more split words and some
words where a letter has been'mistaken as a punctuation ma}L. In
this casd{ wQen thereo are punctuation marks in a word or a part
of a split word, PAPERBACK SFELLER will not include them when it
reads the word. Therefore, the resulting PAPERBACK SPELLER
version of the word may be too short, or it may be found to be
covrecg. An example \of this would be the word 'studio’
misspelled as 'stud'o’.- PAPERBACK SPELLER reads this word as

'stud’, ignores the '!’ because it 1is & punctuation mark, and
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‘T‘



ignores the 's’ because it is only‘one letter. Thus, 'studl!o’ is
found to be a correct word and' is not tagged by PAPERBQCK
SPELLER. Another type of misspelling which PAPERBACK SFELLER
will not detect ig a misspelling due to the wrong case of the
letter, because PAPERBACK SPELLER 1ignores case when vreading
wor ds. Al: TYPIST and STRIKE have ~the same general problems as
PAPERBALCK SPELLEFR in detecting these kinds of misspellings. In
addition, STRIKE 1gnores all words which have any digits 1n them.
This 18 a serious disadvantage wﬁen dealing with text produced

from optical scanner software as, many words have digits in them.

The }ables which show the analysis of incorrect words which
‘'are corrected (14 a - b) are a Irttfe different from the ones
used for the pre-tests. The <column labelled I'cor' givgs the
count of all misspelled words which had the proper correction in
their correcklon list. The column 1;59L1ed 'not’ gilves theltdunt
of all misspelled words which had no proper candidate correction,

\

From these twos variables, it 'is seen that SCAN-SPELL has a higher
Jgte of candidate corrg;txons than PAPERBACK SPELLER, 51 per cent
verses 36 per cent. One reason for this is that PAPERBACK
SPELLER relies heavily on the correctness of the first letter 1n

s

the misspelled word.: If this letter 1s misspelled, PAPERBACK

N ?

éPELLER rarely éxves the proper correction in the candidate list.

However, it should be noted that the correction rate for a text

corrected by PAPERBACK SPELLER can be 100 per cent if, for every

misspelled word, the user is able to indicate the correct

spelling to the progfam. The wuser can do this in one of two

ways, by choosiﬁg a'yord from the candidate li1st, or by typing ¢n
e

.8 - +



the correction himself. Since choos{ag the word from a capdigate

list is wmuch easier, this statistic was collected in the

comparison between the spelling programs for tables 14a-éﬁ& 14b,
\
under the column labelled 'cor’. I ldc"’

It is difficult to compare the programs on corrected text
because, if used in an efficient way by the user PAPERBACK
SPELLER may have a near 10? per cent correction rate. For this
reason, the system sumﬁary for PAFERBACK SPELLER, table 13b, 1s
misleading. The table assumes that all words which could have
been corrected, would be corrected by the user. This is an
opposition to the system summary for SCAN-SPELL which counts only
,the words properly corrected by the automatic correction program.
Al though the assumption of an i1nfallible dser leads to perfect
correction of misspelled words 1in PAFPERBACK SPELLER, the
misspelled words which PAPERBACK SFELLER does not detect can not
be corrected. In fact, PAFERBACK SPELLER did not do well in the .

{~J &grrection rate for GOTHIC (it per formed .less‘uell than SCAN-
SPELL with 46 verses 57 per cent), and only the correction rate
‘for OCR A (92 per cent) is very near 100 per cent. The problem
is that PAPERBACK SPELLER does not detect some types of
misspelled words and certain fonts aré adversely affected. These

l types include short misspelled words which are taken to ;e

abbreQiations or other correct words by the PAPERBACK SFELLER
dictionary and misspelled words which contain punctuation marks
or numerals, thus effectively dividing them into shorter words.

The system summary table ¥Yor PAPERBACK SPELLER does point out one

of its advantages however, mainly that it can have a very high

\



correction rate. This presumes that the user is i1ndustrious and

infallible, that most misspelled wvords have been detected, and

©°

that an appropriate font has heen used. , ‘
v \ - N ) i,
" The system summary for SCAN-SPELL indicates that the

co?rected\textk which it produces has 'a good rate of corraection

L —— ——

for some fonts. OCR B (7ﬂ¥ff:Ncent)’has the best :ate, but OCR A

(ég ﬁer cent) and GOTHIC (57 per cent) .also have good rates.
Since these correction rates are at least adequate, they)xnaxcate
that s:atxstxcs taken from the sample aré)‘good' for other
documents as well. These rates’ 1ndicate that the method of

‘automatecally producing a corrected text can be-a . viable part of

a spelling program when used for an optical sianner.

A major differen:ce i1n the behavior of FAPEFRBACYH SPEHLE# and
SCAN-SFELL is due to thé differences 1 belvavior betuegg an
interaztive spelling program and one which works 1n batch mode.
A spelixng praogram which Eperates interactively allows certain
document manipulaticn to talke place. The spelling processes <an

)
be mocnmitored, and corréct;ons a¥Yways done to any words which the

program deems as misspelled. If the 5pell}ng program has been

. . .
adapted to' the user'% environment a‘ﬁéj) has a high' rate of

correctly identifying misspelled-words, a corrected varstbn of

the text will be nearly perfecf. Thas perfectxdn 16, hbmﬁver. nét

easily obtained. The user must make all the corrqcttoni'

manually, as they are found by the program. l{ the document 1% &

long one, this is a tedious, 'labor 1intensive, and thé&gib?o

expensi ve prbcesg. With a program‘thch runs 1n batch mode, the
A s ) . ‘ .\. . . , 2
' | 90 e
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it If:the. correction rates of both systgms are «nearly equal

7 P \‘-—-'-.
. P \

I

]

3 . \ }
. system does not need to be monitored and 1f the spelling process

)

PO Y € » - «
+is a longpene, at least there are no man hours needed to oversee

~t

then, it ‘would seem that the batch system would be preferable..

However , if:‘the interactive dgystem gives Better reshlts, then it

would depend on how big the difference between 4he results was,

Y

and alsc on the convenience of the user) Finally;\the actual
< - A o
time each system takes may be .a factor,. A batch progrqq'can~u
\p » . . . B

generally take a longer period of time than an interactive one

t

because it runs alone andwyneeds no ‘user maintenance. However, if

it takes too long, it will still be a problem for the user, who

. ——

may need the facilities ‘fb( other functions, The SCAN-SFELL
. .. o . . ’ '
spelling program does take a Tbﬁg,,b%mE*to run. However, the

doéuments.used tfor the tests were long ones, probabTy nzt of a
gmal lengy . It would take any \spellin'g‘ program a long time to
. P .

check and. cearrect these doclUments. It was hard .t measure the

v Coo ) . . ~
actual °length of time it took FAFERBACK SFELLER tE,prﬁcess|tbe‘

document because this time would necess?rily.haye_to inzlude the

—

s‘ ) i ) ' y
user response time as well. However, in a very loose

measurement, it seems that it takes SCAN-SFPELL about . twice to’

three times as long as FAFERBACK SFELLER.
. )

3
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19, DISCUSSION : ;
P
L ]

a

The design ideas with which SCAN-SPELL was shaped ,may be

quite helpful when attempting to cdrrect documegts produced fer'
“scanner software.. But in termsﬂof'funct{ons and ease of use, the
spelling program SCAN-SPELL does not seem to be as complete a
program as PAFERBACK SPELLER. There are several reasons for this

. , f<g
and they suggest ways in g?}ﬁp the system can be“improved. -+

A fgaturé which all three commercial programs offered which

is not a part of SCAN-SFELL 1is the exr;tence of an auxiliary
dictionary. It 1s\important that a dictionary not be toc big and
it is impossible that a dictionary could ever incorporate all the

words which every user may wish to employ in their documents. An
' .
auxiliary user’'s dictionary can ber established to deal with this

/

problem. Uncommon words which appear in a document but not in
the program’s dictionary can be added to this user’'s dictionary.

It can usually be manipulated in a Jay whfch the main dictionary

Y N ~
cannot, so words can be inserted and deleted to match any user

‘ AN
profile. This is a qood way to deal with thé .specialized

language which goes with certain technical areas. ' Such -a
| ¥

r

dictionary is not a part of SCAN-SFELL.
$

~

If an interactive mode were added to the SCAN-SFELL prygram,
it would gaifi some of the advantages of the other type of

systems. A user would then have a choice of maode, something that
¢

does not exist in. any commercial systems. \ngintefac@ive mode
would be useful for a short document which d not have many

errors, and those it &id have were simple substitutipns.
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' «Other system improvements to the SCAN-SPELL program would
include a better user inter face, a reduction in operating time,
afd better’ correction algorithms. Both groups of-split words and

multiple errors could at least be partia}ly corrected.

1

Autoqatic correction of misspelled words using probabilistic'

analysis is a reascnable way to produce a corrected text as the

4
fiflal output of optical scanner software. The advantage af this

system is that there is na'operﬁtor intervention. o

+

The efficiency of the correction algorithms depends not only

on the scundness of their design but alsc ; on the analysis and
é . !
appropriateness of the training documents, No probabilistic

+

system can be guaranteeg to be 100 pef cent efficiept because the
act of making a choice based on probability implies .the

possibility of making a wrong choice. The document must have a

L

very high percentage of the misspelled words corrected to satisfy
most users. If correction must be done automatically, context

must play some role in the selection of the candidate words.

There are several ways in which this context or meaning may play,

a role.
&

A program which did simple grammar checking.would aid in the
LY .
proper selection of a correct word .from the list of candidate

corrections.  Only bords which were grammatically correct would
be considered. Ideally, the more complicated the grammatical

analygis; the more likely it would be to determine the correct

spelling of the word. ' This type of checking is, however, a

N
v

er
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- #

Fomplicated procedure and would undoubtedly add to the time it

' .

\§$0k to process a document.
/

Another . kind of context could also be used to find
LY

corrections to the misspelled words. If the scanner software
. could keep track of alterhafiye cLoices for tHe cha?écters it
reads, these choice%)could‘be used in forming candidates for the
misspelied woyd. For 1instance, if the scanner's;ftware choases
+11? ag one of the characters it reads, but xhéd as another
possible choice (which was then rejécted) the letter ’1;, then
this information could be giQen to +the spelling program. The
spelling program éould then use the information %n forming

candidate ¢orrections to misspelled words ratpher than relying on

the long-term probability. o

In the end, spelling checkers cannot possibly find all the
mistakes which“ occur in a Jﬁfument file. Words which are split
(which have an insertion error of a space),' o%é letter words
which are wrong, numbers and punctuation characters which are

‘Qrong or which have been mistaken for.the letters of a vord,
words which are wrong but which alsc occur in the dictionary, and
words wherel an upper case character has been mistaken for its
louqr case equivalent are all major 6roblems which -make the

¥

N R .
identification of Wistakes difficult. .

It is important then, to consider applications where the
per formance of an ideal spelling program for an optical scanner
can be of use. First of all, the characterisfigg of an ideal
spelling program should be given. This is one which is easy to

-

94



b

»
use, takes as little user intervention as p6§éible, and corrects

«

as many misspelled words as possible. Not all words would be
corrected, so applications which needed such perfection would not

bé considered. Howeve}, memos, notes, and first draft reports
and papers could be stored on the : computer using a system
o ,

involving an optical scanner and a spelling program. In fact,

w*

. t .
any information wh;ch/fgj;not needed for some kind of. formal

-

presentation can be stored using this kind of system.

o

The advantages of the SCAN-SFELL spelling program are the

unique customization of the spelling program to the scanner

software and the idea of automatic spelling correction. But

using SCAN-SPELL ‘ means accepting less than pgtiéttion in the
trial document. In all likelihood, proﬂgbilistic methods such as
SCAN-SPELL cannot  fix a}l erro;:i The approaches tco improve the
syspem include using context to exc14de candidaté corrections and
using information from the scanhing software to identify the
likely errors in the scanned document and the lmost likely
corrections to those grrors. Alss, of course, improvements in

the scanming algorithms could reduce the number of words needing

correction.

Y
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APPENDIX A

11.1

TRUE LETTERS

OCR A

N [

158
257
365
12

817

MOUTU BERNEX~MECOATENSL F>3 X AINAN S £ 4% = 7

a

D> NUCZZ Wi
dWFFWED , WAL XE-WA-

-
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TRUE LETTERS

OCR A - cont..

773 26
143
18,
621 |
650 1.
832
255 .2
95 " 20
282
169 . -
s 15

619

bty

SO UVUDU>OENTX~ELDODQAT LU I >3 XNN
m> WwoCZZWwe
JuWrrWwen cwaoXrFWA
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'OCR A - copt.

TRUE LETTERS
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<
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A
° &4
12
30
23
19
-3
24

1
12
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11
¥

15
13
I

19 7
21
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i r . «

®
M

@> Nod4CZZuWww
HdUWrFFWXrn cuWucokuwao

14

16

32

&7

A

10

10

S

<8

t

10

14
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TRUE LETTERS

OCR B - cont.

N .
>
X
3
G
> .
o {
< @ o
/t/o
//
0 © /
e g
&
| .
- 4 M
o ™
a
¢ * 1
(u]
c

5 - - ) N
TOVDUE DI n X~ ECOOATL UL ITD>I3IXANOOASNDLX>A v

o> NUdZZuwiX.
SWwrErFuoe s Ywaoo

'p]
-t
)
(G}
-d o4
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03
: N
n .
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TRUE LETTERS

.
e

»

OCR B - cont.

X
Y %
><
b 4
> Y]
s \
T.
)]
14
o ol
o
G- (N1 °
-y
=z ty]
- [p]
= o
4 8
M N ¢ \
b4 vy
-
Lo T -t
™
(- 94 -
I O . : ®
0] f i P
w 2
) .  /
w - |
o
() N §
o))
Q Lol .
n ~ o
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B H
. €M
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7 TRUE LETTERS

COURIER

k

n
- 4
* N
~p
o
N -
<
']
N / -
. N
N
_—
., - 0
< M |
-0 ™~ -
© n
Y e} 0 e
2 L3
(@) n
N - N
3.-
()
-t
[V
8 -
2 L]
"t [ 3
p]
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< - ’ .
M .
™ ["p)
0 1Y
V3]
-t - 0N
.9\’
~ .
1] o

-~

o> VUCZZWo ..
dWFFWEY WAoo XkWA

M

™
¢

15 .

2

o -

. ,i \\ o
abcdefghix%“WnOPQrstuvwazng*fu

-
S
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TRUE LETTERS

7<e .
COURIER - cont.

L4

~
I
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TRUE LETTERS

: CﬁUF\eIEk - cont.

~N . @ ™
. <
>, - -
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S . ) - - .
= o~ - ®
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- M -d
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2 K 8 [y
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©
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a o o
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o : &
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- : ] .
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4 : : A <
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TRUE LETTERS

ELITE .

N
. o0 o
(3 N o= - N w1 -
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O
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© .
. in
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N
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TRUE LETTERS

ELITE - cont.
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TRUE LETTERS

ELITE - cont.

IJKLMNOPRRSTUVW XYZ

18 1 {
21
1S
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11
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42
11
!m
29
25
19
) 21 ¢
24

-

BCDEFGH

15
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<M - #
-/
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GOTHIC

TRUE LETTERS

3

m
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1
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12 o

817

4

132
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TRUE LETTERS

GOTHIC ~.cont.
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TRUE LETTERS

GOTHIC ~ cont.
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11.2. APPENDIX B

There a;e three options to choose from in this spelling package.
Option a checks éhe documeﬁfvfor spelling mistakes. Option ¢
corre&tg the BADQRDS file (output from the checker). Option b
does both at once. The spelling checker can be used by typing

CHECKER filename for all options

where filename is the name of the file to be checkeq for
possible misspelfings. Options b and ¢ will ask for a font
identifier. Knowiné the proper font f;r the file 1is very
important to the correction algorithms; Possible fonts are OCR
A, OCR B, COURIER, ELITE, and GOTHIC. Dpéion a and the checker
part of option b wuse as input the user specified file. They
outpdt two files, a file for the user «called WROQG.QQD which
gives a 1list of all possible misspellings with the line numbers
where they occur, - and a file to be used by the correction program
called BADWRDS which simply lists all the possible misspellings.
Option ¢ and the correction part of option b use as input the
file BADWRDS. They output a file called CAND.WRD which has all
poésible miss;ellings with their possible corrections if any. 1In

order to use the package correctly, the files CHECKER.EXE and

VSDXCT.DIC must be present in your directory.
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