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Abstract
This paper reports findings from the elaboratiom ¢ypology of spelling errors for Spanish. It atBscusses previous generalizations
about spelling error patterns found in other steidied offers new insights on them. The typologlased on the analysis of around
76K misspellings found in real-life texts produdgdhumans. The main goal of the elaboration oftypelogy was to help in the im-
plementation of a spell checker that detects casitebependent misspellings in general unrestritéa¢s with the most common con-
fusion pairs (i.e. error/correction pairs) to imgeahe set of ranked correction candidates for peitisgs. We found that spelling er-
rors are language dependent and are closely retateé orthographic rules of each language. Thtistital data we provide on spell-
ing error patterns in Spanish and their companitim other data in other related works are the howatribution of this paper. In this
line, this paper shows that some of the genertérsients found in the literature about spelling epatterns apply mainly to English

and cannot be extrapolated to other languages.

1. Introduction

This paper reports results on a research on gpest
in Spanish found in real-life texts. These humasdpced
errors can be grouped in two main types: cogniivers
(i. e. misconceptions about orthographic rulesaok lof
language knowledge), and errors related to typing- m
takes (motoric errors when using a computer keyfoar

¢) there is no necessarily direct correlation betwe
frequency of a character in a corpus and its clatcde
an error.

2. The Error Data Collection

The corpus used contains over 8 million words of ed
ited and unedited texts. It comprises three diffesets of
texts. The first one, with about 4 million words,a bal-

These results have been applied to the implementati anced set of edited and unedited texts. The sexmoaids a

of a spell checker that detects context-independast
spellings in general unrestricted texts. This spefiro-
vides isolated-word error correction by offeringset of
candidate corrections that are close to the mikspel
word. The technique that underlies the spellingestmion
algorithm is that ominimum edit distancéhumber of ad-
ditions, substitutions, omissions, and transpasstiof two

highly edited corpus with about 2 million words.eTthird
one, with about 2 million words, contains uneditata
from the Original Works Creation (OWC) siteable 1
below shows the breakdown for each set.

The corpus was analyzed morphologically using a
knowledge-based syntactic parser (the parser whith
derlies the Microsoft Office grammar checkers depetl

adjacent characters), as explained in Damerau J1964y Microsoft). This task produced a list of unknown

Every operation is rated with a score. The besgssiipn

is the one with the lowest score. In this contéhe, elabo-
ration of the error typology aimed at (a) findingaego-

rization based on the frequency of the above meeatio
four edit operations in Spanish, and (b) discoygtine

most frequent error/correction pairs. These twaofacal-

lowed us to improve the ranking of suggestionsrefieoy

the speller as candidate corrections for missgglin

words? The total number of unique unknown words dis-
covered in the corpus was 76K, of which almost 27K
(over 35%) were unique misspellings. The rest @firth
(65%) were not misspellings, but proper nouns, ifpre
words, derived words, etc. The misspellings wer@una
ally revised, and a correction was assigned to eatiem
based on the context, with the result that the sarise
spelled word could have more than one correctioth an

This paper discusses the most common generalizatiotherefore appear in more than one error pair. Evneisy

about spelling error patterns, and presents funtbsults
about frequency and types of misspellings foundel-
life corpora. Our findings confirm Damerau’s resuih
that the majority of errors tend to be single ins&s of in-
sertions, deletions, substitutions and transpostioVe
have also found that the majority of misspellingoes in
Spanish are:

1. omissions (mainly, of accent or one character),

2. substitutions of lower case for upper case et
ginning of a proper noun,

3. cognitive errors,

4. addition,

5. substitution of one character, and

6. transposition.

Other conclusions are:

a) the percentage of errors in the first letteaafiord
is higher than that reported in other studies,

b) keyboard adjacency effects are less importaant th
other factors, and
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spelling was classified as belonging to a more gene
class of errors (i.e. error type). The frequencyath er-
ror type and error pair occurrence was calculated.

1 The Original Works Creation (OWC) sites were tedato
gather unedited text. The participants from Madui Mexico
City chose from several topics and wrote for at®@iminutes.
The configuration of the software and the hardwaes set in
such a way that authors were only allowed to makemal im-
mediate corrections. The files have only been seste
separated, and were not spell-checked or gramneaukel.

2 Our goal was to find the most common spellingrepatterns
in Spanish. For this reason, we started looking toknown
words in the corpus. In this sense, it was nogfheof this study
to look for errors in which a correctly spelled was substituted
for another word that exists in the same language.,from-
formin English, andndsmasin Spanish).



# of Uni- Substitution | informacion- informacion 0.5
que # of Uni- of diacritic
# of Unknown | que Mis- # of character
Words | Words pell. Mispell. Addition bue na- buena 0.4
Balanced | 4,159,886 32,743 6,63} 14,046| space
(BAL) Substitution | fotograficas s— fotogréaficas 0.1
Highly | 1,933,586 11,674 359 584] | of the letter
edited with diacritic
(HE) Transposition | haora— ahora 0.1
OWC — 305,529 8,729 5,64 28,117| one character
Mexico beginning
(MEX) word
owcC - | 1,782,657 22,771 14,04 31,590 Transposition | hayq ue- hay que 0.04
Madrid space
(MAD) Total single 89.34
error mis-
Table 1. Breakdown of the corpora spellings
Multi-error: paguina— pagina, muestame 3.6
3. The error typology ?ubftgytion .ﬁf muést.ram';af y
: includin informacio- informacion, co-
We derived from the corpus an initial classificatiof diacritics%] + menze— comencé
142 error types that exhaustively exploit combiradi of | addition,
the four editing operations. This classificatiorcdrpo- | omission
rates also multi-error misspellings, position o #rror in- |"Multi-error: Nesecitaria Necesitaria 28
side of a word, character distance from the intdnelerd, | other
and edit operation type. Additionally, we have aiced [M7-iterror: jose — José 11
finer-grained categorization on idiosyncratic featulike capitalization
diacritics, space, and case. A new distinction akE® + addition
made in order to collect frequency information @ym- | 4 icsion ’
tive errors of the phonetic type (substitution@qgfhoneti- substitutibn
cally correct but orthographically incorrect letter se- (including
guence of letters for the intended word) (KukicB92). diacritics)
Table 2 shows some examples from this initial dizss - - — —
tion. Multlljerror. aficcion- aficion, 0.6
addition + desfraccmentar. defragmentar,
Error type Example % substitution
Omission of | dia— dia 51.5] | (including
diacritics digcritics)
Omission onel mostar— mostrar 6.8 | | Multi-error: tratataba- trataba 0.4
character repetition of
Capitalization | windows- Windows 6.2] | Same Ig.tters
beginning by anmon
word Multi-error: sombolo- simbolo, sabamos 0.06
Cognitive er- | biene~ viene 59| | substiution | sabemos
rors vowel + addi-
Addition of aereopuerto» aeropuerto 4.7 g%nncgcgrgrﬁ'
one character Multi-error: alomejor— a lo mejor 0.03
Substitution | calavara— calavera 4.1 orzislsion s:pa- jor= ) '
one character ce
'(;g(ilrtilt(i)gsc’f fuf ~ fui 2.9 Multi-lerror:_ linguistica— linglistica 0.02
gprgicsesion esque- es que 2.0 gi%lﬁ]boef gir:_ls
critics
Transposition | Interpetracion- interpretacion 17| Motal multi- 861
one character| movimineto- movimiento error mis-
\r/lvc())rt()jeglnnlng spellings
E:r[r)]itilt;%r;rogy dirreccion- direccion 11 Rest \s/g;ggg\;arlnn:]oe?: 32?;;3;2{_‘105 205
addition mente
V%ﬁg:teauvz:rtéon fifa ~ FIFA 1.3 Table 2: Error type distribution in the corpus
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This typology shows that a full 51% of the misspell may be very helpful for a spelling correction apation
ings found in our corpus are omissions of a dimcdh a  for Spanish.
vowel? An analysis of the error rate variation across the In addition, Figures in Table 2 show that in Sphnis
different sets of texts ratifies that the high freqcy of — omission is the most common spelling efréollowed by
this error type is not due to a lack of balance mgnthe  substitution, addition, and transposition in thates.
various texts (Table 3).
4. Findings on Error Patterns

The error patterns in Spanish seem to corroboraie o
Error type BAL |HE |MEX |MAD partially some of the pattern findings reportedkaykick

Omission of diacritics | 57% | 33%| 52.6%| 52%]| (1992). Kukick's conclusions are the following:

1. most errors (i.e. roughly 80%) tend to be sirigle

. L stances of insertions, deletions, substitutiongrasrsposi-
Table 3. Breakdown of diacritic omissions 1eoTsp

tions,
Conversely, capitalization at the beginning of wurd 2. most errors tend to be within one letter in ténof
is remarkably more frequent in one of the sets thahe the intended word,
others (as shown in Table 4). 3. few misspellings occur in the first letter ofvard,

4. strong keyboard adjacency effects,
5. strong letter frequency effects, and
Error type BAL HE MEX ImaD 6. phonetic errors are harder to correct becausg th

o ) o 0 result in greater distortion of the misspelledngiri
Cap. word 1.10 1.8%] 14.22%| 2.15% In the following sections we revisit these statetsen

and compare them with our data from Spanish.
Table 4. Breakdown of word initial capitalization

Regarding cognitive errors, in Spanish this erypet 4.1. Most errors are single letter errors
mostly consists of substitutions of a phoneticaltyrect The vast majority of errors found in the corpus, as
but orthographically incorrect sequence of lettére.  Shown in Table 2, are single error misspellingsefov
homophones, mistakes on similar phonetic pairs asbh ~ 89%)? Multi-error misspellings are less than 9%. There i
v, sx, cs, ll-y for instance, as in drchiboarchivg, ~ an insignificant remaining percentage of noiseteeldo
*estenciorextension*llendoyendq. This type of error is  spaces in multiple locations, extreme multi-errcords
common in single and multi-error patterns. A breakd and indecipherable strings of characters. Demar@64),
of the total number of cognitive errors found ie torpus ~ Pollock and Zamora (1984) and Ren and Perrault2)199
shows that unedited sets exhibit more frequentlyyatror ~ report similar rates.
type than edited sets (Table 5). Most of cognitveors
are instances of substitutionsbigneviend, omission 4.2. Most errors tend to be within one letter in
(*acerhace), and addition (hacercaacercd. length of the intended word

Our data also confirm this statement: 77% of mikspe
ings are in length distance 0; 12.2% are 1 charabiarter
Error type BAL HE MEX  JMAD than the intended word, and 9% are 1 characterelong

Cogn. Errors 2.17% 6.67%| 4.67%| 4.62%]| than the correction. See Figure 1. These findimgscan-

sistent with the frequency of error types in Spangnis-
. sion of diacritics, substitution of upper case afidone
Table 5. Breakdown of cognitive errors character, followed by omission and addition of char-

Although it could be argued that the cause of tie s acter.
stitution of ab for v could be a keyboard adjacency effect
rather than a cognitive error, the overwhelminghhige-
quency of this error pair (614; see Table 6 below),
comparison to the lower frequency rate of otheaeeit
keys (ti-u (51) and t-i (38), for instance) would remain
unexplained.

On the other hand, the source of errors involviiag d
critics and case could be considered a misconaein
the part of the writer, and, hence, cognitive exrdrhis
fact would imply that a full 63% of the errors falim the
corpus would be instances of cognitive erfofis figure
suggests that prioritizing some instances of thisreype

3 Ren & Perrault (1992) also found that accentsaaspecial
class of errors in French. They subdivide thesergrinto four
types: accent insertion, accent deletion, subgiitubf one ac- 5 There are other studies reporting omissions asntthst fre-
cent for another and repositioning of the accent. quent error in other languages as well. See (Hobma Zamora,
4 Veronis (1988) reports the importance of phonetiors for  1984) and (Ren and Perrault, 1992) for similaistias.

French. See Kukich (1992) and references thereisifoilar re- 6 In the following sections, figures reported assdx only on
ports for Dutch and English. the total number of single error misspellings.
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Figure 1: Comparison of the length of the error tred
length of the intended word

4.3. Few misspellings occur in the first letter
of a word

Based on the results of studies carried out byoBbkll

and Zamora (1984) and Yannakoudakis and Fawthrop

(1983), Kukich (1992) considers that few misspegtiroc-
cur in the first letter of a word (see also Ren &trRult,
1992). In Spanish, given the high rate of substitubf
capital letters in proper nouns, first-positionoesr total
more than 6% of the misspellings, the third most@rent
type of error. Error typologies from other langusgpeo-
vide interesting figures for comparisb&f. Figures 2-4.
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Figure 2: Probability of a misspelling happeningin
given position in a word in Spanish

French surpasses German in first-position missy|i
(because of substitution of capital letter in propeuns,
omission of diacritic and omission/substitution firfst
character, e.g. marcetlMarcel, *egliseéglise *aper

taper, *fint-vint). The most probable position for misspell-

ings in Spanish is around the 3rd, 4th or 5th attaran
the word. In German, the 4th character is thecalifposi-
tion for a misspelling. Zamora and Pollock (198dpart
that 23% errors occurred in 3rd position in English

7 With a similar process than the one done for Bpam typol-
ogy of errors was elaborated as well for French@adnan. For
French we derived 26,680 misspellings occurrerfoesserman,
12,765.
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Figure 4: Probability of a misspelling happeningin
given position in a word in German

4.4, Strong keyboard adjacency effects

Keyboard adjacency typing errors are caused by hit-
ting an adjacent key on the keyboard instead ofithe
tended one, or by hitting two keys at once instefadne.
Typing mistakes have also been found in the corplis,
though their frequency is not comparable to thatagfni-
tive errors. Table 6 shows the number of timesvargiet-
ter is substituted for another letter, space (SR)athing
(NULL).® Higher frequencies appear associated to cogni-
tively based misspellings.

Let’s observe errors in which the charaaés substi-
tuted, for instance. The characteris frequently mis-
spelled as the topologically close in the keyboard, not
adjacents (399 times) and (141 times). These are differ-

8 We have constrained the table to 35 characters the 102
ones we worked with because of lack of space. Bheptete list

is: <SPACE>, &, 4, ,,-,..,.,?2,A,B,C,D,E, B, H, |, J, K, L,

M,N,O,P,Q,R,S, T,U,V,W, X,Y,Z ",ad,defghi
i, k,l,mn o, p qrstuvw,Xy<NULL>, i ¢ g ° A,

A CEETLLTLNOOG U0 U 4 4@.¢868686,1iTi,
0

,0,06,6,0,0,4,y, f.

=1l =t



ent characters that have the same pronunciaticorime
dialects. Substitutions of strictly adjacent key$20), v

most frequent errors should have happened on tret mo
frequent characters in the corpus. The most fregehear-
(8), x (2) forc, however, are much more scarce. acters in a Spanish edited corpus are unaccentsdls0
An interesting example are the adjacent keyandn.  and the consonantsr, t, d, n ands, as it is shown in Fig-
The substitution of for m happens 238 times and that of ure 5. However, most errors affect the least fratjohar-
m for n, 122 times. There is a specific orthographic mle acters: accented vowels and capital letters.
Spanish that says that beforb ar ap the only nasal letter
that can be written i, hence the expected higher amount 4.6. General agreement that phonetic errors
of n for m error substitutions. are harder to correct
This frequency is similar to other substitutiontally Kukich (1992) also states that phonetic errors are
unrefated to keyboard effects, as the ones withel&e 5 qer 1o correct because they result in greastortion
(292 times) ) that was wrongly substituted for VOWe o the misspelled string. However, this fact depeod
and a for e (306 times). These figures are indicativep,, ciose or how far the orthographic system ofvery
enough to suggest that some add|_t|ongl expllanatson language is from its phonetic system. In’ Spanishiec-
needed for adjacent keys that get a significariiérigeore  ion of phonetic errors usually implies one of et op-
than the other adjacent keys (cf. Armenta et 803} erations, mainly substitution of one/two lettersyae have

The keys adjacent @, such as , g andz were typed  4ready explained in previous sections. Veroni88)ge-
32, 7 and 2 times, respectively, insteach.of was typed ports the high complexity of this task for Frenchem us-

310 times when the intended character wadlote that i, 5 correction technique based orelit distancenodel
the reverse case (i.e. substitutioragfunaccented vowel) (cf. the Spanish error/correction pairipstenusa

for & (accented vowel)) appears 7,584 times in the ®rpu pingtenusa vs. the French pair ippeautaineuz
Errors concerning accented vowels in Spanish coul ypotenuse

be attributed to mechanical reasons due to theigroaf
tion of the Spanish keyboard: two key strokes, foméhe
accent and another one for the vowel, are necegsary
type an accented vowel and the user could misobtiee - ] )
strokes. French refutes this hypothesis: we foinad in ~ found in the literature about spelling error patteapply
French, the first, second and fourth most frequmgle ~Mainly to English and cannot be extrapolated teiokan-
letter errors are related ®and its combination with dia- 9u@ges. It also reveals the beneficial and prodeiasf-
critics é andé. Errors involvingé represent an 18% of the fects of working with real-life data in the targetéan-
errors; errors involving represent 9%, and errors involy- 9uage for the elaboration of an error typology.sTtype
ing & amount 3.5%. The French keyboard, however, doe’f data provides clues about which error pattetreuls
have its own specialized keys f@andé, so misspellings D€ promoted to enhance the generation of suggedisis
on these accented vowels cannot be attributecetortiis-  for corrections and, if dealing with context-depenter-
sion of a keystroke for the accent. rors, to promote _those_flags related to the mostmon
Another reason to discard keyboard motivations fof!for patterns. It is obvious that errors involvimgmoph-
the high numbers of misspellings in Spanish thatrar 0Ny in Spanish are the most likely contextual ertorbe
lated to accented vowels is that when an accerdeahis ~ flagged.
misspelled, it is substituted by its unaccentedntenpart
in almost all the cases (see Table 2 above). Onlgra
small number of errors in accented vowels are duibe
omission of the vowel with the result of a diacribiy it-
self ( instead ofd), or to the insertion of the wrong dia-  para aplicaciones de conversion texto-vozPiacesa-
critic that is in a key close to the key for thaccent § in- miento del Lenguaje Naturadl, pp. 65-72.
stead o#, i instead of). If errors in accented vowels were Damerau, F. (1964). A technique for computer aiive

5. Conclusions
This paper shows that some of the general statsment
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