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PARONYMS FOR ACCELERATED CORRECTION OF SEMANTIC ERRORS *
l. A. Bolshakov, A. Gelbukh

Abstract: The errors usually made by authors during text preparation are classified. The notion of semantic
errors is elaborated, and malapropisms are pointed among them as “similar” to the intended word but essentially
distorting the meaning of the text. For whatever method of malapropism correction, we propose to beforehand
compile dictionaries of paronyms, i.e. of words similar to each other in letters, sounds or morphs. The proposed
classification of errors and paronyms is illustrated by English and Russian examples remaining valid for many
languages. Specific dictionaries of literal and morphemic paronyms are compiled for Russian. It is shown that
literal paronyms drastically cut down (up to 340 times) the search of correction candidates, while morphemic
paronyms permit to correct errors characteristic for foreigners and not studied so far.

Keywords: error correction, correction candidates, semantic errors, malapropisms, paronyms, literal paronyms,
morphemic paronyms, paronymy dictionaries.

Introduction

Various errors made by authors in theirs natural language texts can be categorized as follows;

o Orthographic errors transform a correct word to a senseless letter string, e.qg., interesting vook (instead of
book);

e Syntactic errors transform one real word to another, thus violating syntactic correctness of the texts
concerning agreement of adjectives with their ruling nouns in gender and/or number in Slavic or Romance
languages, e.g. Rus. manexbkull mansyuku ‘littlese boysp.’ instead of ManeHbkuer,; grammatical cases of the
valence dependent noun in Slavic languages (Rus. dosornbHbil npasumenbcmeypar lit. ‘content to the
government’ instead of npasumernscmeomins); personal verb forms (he go for goes) (SG, PL are singular and
plural; DAT, INS are dative and instrumental case), etc.

e Semantic errors leave the text orthographically and syntactically faultless, but make it senseless or absurd
(inculpation period for incubation period, massy migration for massive migration, etc.).

All modern text editors have tools for error detection. Purely orthographic errors are detected always, and lists of

potential correction candidates are given out similar to the suspicious string in letters and/or sounds. Grammatical

errors are not always detectable because of deficiencies of modern syntactic analyzers, and thus variants of
syntax corrections are rare so far. Semantic errors are not detected at all.

Meanwhile, methods are already proposed of how to correct one type of semantic errors. For this type, one real

word is replaces by another “similar” to the intended one in literal or sound content. If such errors violate semantic

correctness of texts, they are referred to as malapropisms.

In [Hirst & St-Onge, 1998; Hirst & Budanitsky, 1998] detection and correction of malapropisms use paradigmatic

semantic links between words occurring in adjacent paragraphs and sentences. These are links between direct

word repetitions, a word and its hyperonym (vacuum cleaner \'s. appliance), a part and the whole (steering wheel

Vs. car), etc. For several languages, such links are recorded in thesauri, among which EuroWordNet is well

known [Vossen, 2000]. For example, the replacement of wheel by weal semantically isolates weal from words car,

brakes or gas within a text.

In [Bolshakov, 2002] malapropism processing uses syntagmatic links between words in a sentence.

Malapropisms destroy stable syntactically linked and semantically admissible combinations of content words

(=collocations). E.g., massive migration is collocation, whereas the syntactically correct massy migration is not, cf.

[Bolshakov & Gelbukh, 2001, 2002]. Thus malapropisms make some content word(s) in a sentence semantically

isolated concerning collocations.
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For any method of malapropism detection, a generator of correction candidates is necessary. They should be
somehow “similar” to the intended words. Such generation is analogous to candidate search for orthographical
errors but it differs in the rational search strategy.

Indeed, word forms of natural language are rare interspersions in the space of literal strings. For approximate

evaluation of this rarefaction, let us take into account that in such highly inflexional language as Russian there

exist ca. 1.2 million different word forms, whereas in low inflexional English, say, four times less. To calculate the
number of all possible strings above a given alphabet of A letters, suppose their length equal to the mean length

L of real words in a corresponding dictionary. Then the total string number equals Af, i.e. 32° ~ 3.5%10% in

Russian and 268 ~ 2.1%10" in English. This means that in Russian a real word form contrasts 29 millions of

senseless strings, while in English, contrasts 700,000. The change of the mean length of word form in a

dictionary to the mean textual value decreases this contrast, still leaving it striking.

Would word forms as letter strings be absolutely stochastic in structure, the probability to meet two forms at a

short distance were inconsiderable. In fact, words are built of few thousands of radixes and even fewer prefix and

suffix morphs (they are few hundreds in the whole functional morphemarium). Some semantic and
morphonological restrictions are imposed on the sets of radixes, prefixes, and suffixes, since not all combinations
are reasonable and not all reasonable ones are utterable.

Just this circumstance facilitates the candidate search for replacement of one real word by another. Whereas for

an orthographical error a wrong string can be arbitrary and the task to gather beforehand, for each string, literally

close real words seems impractical, the environments of a real word form, as our evaluations show, contains only
few other real words. Hence, the close words can be gathered for each word that has them. Being put in a special
dictionary, they could be used for malapropism correction, cutting down the search of candidates. Indeed, for
correction of one-letter error in a string with the length L, it is necessary A(2L+1)+L~1 tries, that for a word of nine
letters equals 616. For two-letter errors already ca. 360,000 tries are necessary. In the same time, forehand
gathered one-letter-apart candidates are numbered few units, for two-letter-apart ones, humbered few tens. For
words that are not in the dictionary of substitutes, the candidate search is unneeded, and this also cuts the search.

This work has the objective to classify semantic errors in some detail and to propose, for the sake of malapropism

correction, dictionaries of paronyms, i.e. of words similar to each other in some specific sense. Paronyms can be

introduced of the following intersecting types:

o Literal paronyms [['yceB & CanomatuHa, 2000, 2001] differ in few letters, so they are within easy distance in
the space of letter strings, e.g., Rus. oxwxams o liquidize’ Vs. oxudams “to wait,’” pok ‘doom/rock’ Vs. cpok
‘period.” They are intended for correcting errors characteristic for careless and/or poorly literate persons.

e Sound paronyms differ in few sounds, so they are within easy distance in the space of phonological records
of speech, e.g., Rus. npoekmuposams ‘to design’ Vs. npoeuuposams 'to project’). They are indispensable for
poorly literate persons.

o  Morphemic paronyms, known in Russian lexicography as paronyms proper [bencinkoB & [laHioLweBa,
1994], have the same radix, pertain to the same part of speech (POS), and differ only in prefixes and/or
suffixes. E.g., sens-ible V's. sens-itive differ in one suffix; re-volu-tion Vs. in-volu-tion, in one prefix; sens-
ation-al Vs, sens-itive, in two suffixes. Such paronyms can be close in the space of strings of morphemic
symbols. They are important for both poorly educated native speakers and foreigners.

This work reports on compiling Russian dictionaries of one-letter and morphemic paronyms. The dictionaries’

fragments and their general statistical parameters are given. Literal paronyms cut the search trials by

approximately 340 times, while morphemic paronyms permits to quickly detect the errors not yet discussed
anywhere but really occurring in texts and speech.

Sources of semantic errors and their effect

Let us classify semantic errors against their sources, giving minimal contexts.
1. Random error directly giving a real word. This could occur by the following reasons:
o Awriting slip immediately gives another real word, e.g. Rus. ucnsimamerbHbil pok ‘trial rock’ instead of
cpox ‘period.’
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o Adlip gives senseless string that is falsely “corrected” based on a spelichecker menu, since the author
took incorrect candidate among those proposed by text editor. If we enter Rus. ucnbimameribtbiti
mpok(?), the menu of spellchecker will contain for the highlighted string the items mupok, Mpak, npok,
POK, CPOK, ypok, along with some non-nouns, and the careless author can select a wrong item.

e Acorrect but very rare word is entered, for which the spellchecker contains one or more alternatives. For
example, in the sentence Ethology of these animals is not studied spellchecker will propose to replace
ethology by the more known etiology or ethnology, and the author can hastily accept such corrections.

e An entered rare word is automatically corrected by a special utility of autocorrection embedded in the
text editor. In this case the user transfers a power to the software to make some amendments without
any consultations.

2. Ignorance or imprecise knowledge of the intended word, so that instead of it a different word is entered
similar to the intended one in sound, e.g. scientific hypotenuse instead of hypothesis.

3. Imprecise knowledge of meaning for words with the same radix (which really can have the same semantic
components), e.g. sensual news instead of sensational news.

4. Wrong facts or incorrect logic of reasoning transferred in the text. This rarely implies an error in one word,
and if so, the resulting word frequently differs from the correct one: His mother died in infancy (for youth?);
Haendel was half (for partially?) German, half ltalian, and half English. Every human (but not a computer)
knows that if a female died in infancy she had no children; that no dividable entity can have three halves, etc.

Hereafter, we deal with the errors of the types 1 to 3. In contrast to errors of the type 4, they violate purely

linguistic knowledge on how to commonly use words within the same text. The textual word proved to be:

e similar to the intended one in letters, sounds or morphs,

e preserving syntactic correctness of the utterance, and

o essentially deforming its meaning.

Just such errors are called malapropisms [Encyclopaedia, 1998]. Linguistic knowledge is violated by them in the

aspects of :

e Syntagmatic semantic links in the texts. The resulted word combinations are not collocations but are
syntactically correct. The examples were given above (except of p. 4). More examples are: polling company
(for campaign); hysterical (for historical) center; dielectric (for dialectic) materialism; travel around the word
(for world); equal excess (for access) to school.

o Paradigmatic semantic links in the texts. Here is an example fit for a single sentence: Total garniture (for
furniture) was ruined: tables, chairs, armchairs. Tables, chairs, and armchairs really are related to furniture
(not to garniture!l), and this is also linguistic knowledge: interrelation of parts and the whole. However,
furniture never form collocations with tables, chairs or armchairs.

The task of candidate search is the same for both type of violation of linguistic knowledge.

Literal paronyms

One literal string of the length L can be formed from any other with the series of editing operations [Kashyap &
Oomen, 1981; Mays et al., 1992; Wagner & Fisher, 1974]. Let us take strings above an alphabet of A letters.
Elementary editing operations are: replacement of a letter with another letter in any place within source string
((A-1)L options); omission of a letter (L options); insertion of a letter (A(L+1) options); permutation of two adjacent
letters (L—1 options).

The string obtained with any of A(2L+1)+L—1 operations mentioned, is at the distance 1 from the source string, i.e.
on the sphere of radius 1 in the string space. Making another elementary step off, we form a string on the sphere
with radius 2—with regard to the source one, etc. Points obtained with minimum R steps are on R-sphere, points
of r-spheres with r < R and the source point are not here. Among previous examples,

o word Vs. world, ethology Vs. etiology, ethology Vs. ethnology are at the distance 1,

e hysterical V's. historical, dielectric V/s. dialectic, excess Vs. access, garniture V's. furniture are at the
distance 2,
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e company Vs. campaign, massy Vs. massive, sensible Vs. sensitive, hypotenuse Vs. hypothesis are at the
distance 3 or more.

Though the mean distance between word forms is large in any language, they proved to be disposed in clusters.
Firstly, such clusters contain elements of morphological paradigms of various lexemes, word forms within them
being usually distanced 0 to 3 from each other. Just such a cluster is lexeme, and one of the composing forms is
its dictionary name. Secondly, paradigms of various lexemes with similar morphs can be close to each other,
sometimes even with intersection.
For our purposes, the paradigm pairs with the same number of elements and correlative elements at the same
distance are of interest. E.g., all four elements of paradigms of Eng. verbs bake and cake differ in the first letter
only. Let us call such paradigms parallel. If the distance equals 1, let us call them close parallel.
Thus, any element A(y) of the paradigm of A (y is a set of intra-lexeme coordinates, i.e. morphological
characteristics selecting a specific word form) can be obtained from the correlated element of the parallel
paradigm by use of the same editing operator Ri(), where i is cardinal number of the operator in an effective
enumeration of such operators. Then the relation between dictionary names (they correspond to x = o) and
specific word forms of parallel lexemes can be represented by the proportion

M)+ Mxo) = Ri(A(x)) : Ri(A(x0)). (1)
The formula (1) means that, for any suspicious form A(y) in text, it is necessary to find its dictionary form A(xo),
and, if a close parallel R{A(xo)) for it exists, Ri{A(x)) should be tried as a correction candidate. For such tries, the
syntactic correctness pertains as a rule, and some try can correct the error.
The parallelism permits to unite sets of word forms, storing in the dictionary only one their representative, i.e.
dictionary name of lexeme. However, strictly parallel paradigms are not so frequent in highly inflectional
languages. More usually the parallelism between subparadigms can be found. As such subparadigms, it is
reasonable to take grammemes corresponding to fixed combinations of characteristics .
For example, noun lexemes of European languages have grammemes of singular and plural. They play the same
role in a sentence but differ in the sets of collocations they can be in. The division by grammatical number permits
to describe easier Slavic declension and well serves our purposes. E.g., the subparadigms of singular for Russian
Memenb ‘blizzard’ and momerib ‘motel’ are not parallel, whereas they do—in plural.
Russian verbs have grammemes of personal forms (we join the infinitive to them), of active and passive
participles in all grammatical cases, and of gerund. These grammemes differ in their role in a sentence, so that
their separate use keep syntactic correctness of text after the substitution. It is also reasonable to divide each
Slavic verb grammeme to its perfect and imperfect aspects, morphonologically rather different.
Each grammeme has its own dictionary name, e.g., a participle is represented by the singular form of nominative
case in Russian. For the dictionary names and specific forms, the formula (1) pertains. Note that it is not
obligatory to require strict parallelism within whole grammemes. E.g., formula (1) applied to Rus. memps! ‘meters’
u Mepbi ‘measures’ fails in genitive case. However such failed tries are rare and not too burdensome.
The idea to divide morpho-paradigms to grammemes is not taken at random. The CrossLexica system elaborated
by authors [Bolshakov & Gelbukh, 2001] operates just with grammemes, and paronyms dictionaries under
questions are oriented primarily to systems of this kind.
Let us call literal paronyms any two grammemes that:
e are of the same part of speech;
e concern to the same grammeme type, e.g., both are participles;
e have (close) parallel forms; and, only for Russian nouns,
e have the same gender in singular or are both plural.
With such definition, we have searched close parallel literal paronyms among rather frequent content Russian
words. The pairs with at least one member being functional word (pronoun, preposition, conjunction, etc.) were
omitted. A large preliminary version of dictionary was compiled first, and then a special utility proofreads this
version for repetitions, omission of inverted pairs, larger distances, wrong orders, etc. Note that in [l'yceB &
Canomartuna, 2000, 2001] the same task has been performed for lexeme names, not for grammemes.
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In the current version, there are more than 7,600 paronym groups each having a item-head grammeme to be
replaced and the rest grammemes as substitute candidates. The mean number of candidates stably equals 2.29,
while the mean name length is 6.74.

Functional words, the shortest in any language, were excluded. Nevertheless, the mean word length in our
dictionary proved to be two letters shorter than the mean dictionary length value. So grammemes in our dictionary
are seemingly the shortest among the content words, and probably the most frequent among them.

Below, we give a fragment of our dictionary. Note that homonyms like 6orems+ to be ill' Vs. 6orems; ‘to ache’ or
benkuy ‘squirrels’ Vs, berku, ‘proteins’ enter separately, but the group for one of them does not include the others.
The number of candidates varies from 1 to 12. The maximum number is for the shortest words, i.e. of three letters.

Bes3I0MHBIN BejieThb BennTh OYyIIKU
©e3OOHHEIM OenmuTb OeJINTh YeJIKM
fes3yMHBI BojeTb 1 Beska e JIKN/

BesIyMHBI BoJieTh 2 Oyska Besnku2
©e3DOMHEI BeJIETh eJyiKa BaJsiku
Bes3yYMHEIN MeJIeThb yeJjika Benu

Bes3yYMHEIN Bejes meJika Oy IIKU
fesyMHBIN BoJes Benkul YeJIKU

OekoH MeJsies BaJsiku meJIKM
feToH OenmuTb Senu

The main gain in candidate search is reached owing to looking only candidates given in our dictionary. Using the
total number of tries for a 9-letter Russian word, we get the gain coefficient G1 = 616/2.29 = 269.

ClossLexica contains ca. 100,000 one-word grammemes. Even if after further replenishments the total number of
groups would reach 8000, this will be only 8% of the whole systemic dictionary. Nevertheless, the revealed
paronyms are supposedly the most frequent among content words. With the reasonable assumption that the rank
distribution of all words in systemic dictionary conforms to Zipf law, these paronyms cover approximately 78% of
all word occurrences in texts, and we have the additional gain coefficient G2 = In 100000 / In 8000 = 1.28 owing to
that all other 92,000 word are ignored in the candidate search. The total gain is G1 x Gy = 340.

Morphemic paronyms

Several errors of a different nature were demonstrated above: massy Vs. massive, sensible Vs. sensitive,

revolution Vis. involution. They are of the same POS and have the same radix (mass-, sens-, -volu-). In Russian

linguistics, only this similarity is called paronymy. Confusions of morphemic paronyms are usual errors, especially
for foreigners. For example, it is rather difficult to explain to them how to use Russian paronyms sucribii

‘slouching’, sucawul ‘hanging,” sucsyudl ‘bangled,” obsucwuli ‘baggy,” and nosucwud ‘flagging’ that differ only in

one suffix and/or one prefix.

We have gathered morphemic paronyms into groups with the following additional requisites:

e Grammemes are taken as units of the dictionary, so that, e.g., 6ok ‘side’ and 6oka ‘sides’ are put separately
into the same group;

e Grammemes of participles are considered as adjectives;

e All grammemes with homonymous radixes are put to the same groups, e.g., adjectives byp-Hbil ‘roaring,’
6yp-osoli ‘boring,” and byp-biti ‘brown’;

e Homonymous grammemes are given in the groups separately, but none of them can replace another;

e Some two-radix words are involved, one radix considered as the radix proper and another as the so-called
suffixoid or a prefixoid. The negation He is a common prefix, the inseparable reflexive particle —sja is
considered as suffix going after the ending.

All'in all, 2 morphemic paronym can be represented as a string P1...P»RS1...SqE, where Py,...,Pn, m=0,1..., are

symbols of prefixes; R is radix; Si,...,Sp, n =0, 1..., are suffixes; E is ending. The distance between paronyms

within a group is measured by the number of elementary editing operations in the space of morphemic symbol
strings. For example, +omey-ecme*o ‘homeland’ Vs. +omy-ecme*o ‘patronym’ and +6ed*a Vs. +6ed”b1 are at the
distance 0, +gornoc-am*bill Vs, +g8ornoc-ucm*bill; -ebi+HOC /S, -U3+Hoc; +aghgpekm-us-H-ocm*s Vs +agpchekm-H-
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ocm*b are at the distance 1, +oH-ow-eck*ull Vs, +oH*bIll, +epub-H*oli Vs, +epub-k-06*bill are at the distance 2.
Here the sign ‘+ initiates a radix; ‘- a prefix or a suffix, ™ an ending. The differences in endings are ignored,
since inflexional classes are implied by POS and the previous suffix, and a specific ending corresponds to each
element of a grammeme.

Our dictionary of morphemic paronyms contains now ca. 1200 paronymy groups with the mean length 6.1. A
group element has on an average 1.4 paronyms at the distance 0 or 1. Summarize ‘all-to-all’ links in all groups at
any distances, the total link number is up to 69,000, i.e. approximately 58 cross-links within each group. Following
is a fragment of the morphemic dictionary:

+6er* +Ber—-oB*on +6en-cTB-OBaH-U*e
+b6er*a +6er—-ym*un +6en*ul
+Ber—-sm-ocT*b —npu+Ber+arom* 1 —otben-H—-eHUN*e
t+Ber—-cTB*0O —-npu+Ber+Hy—BW* 11 +ben—-H*eThb
+Ber—yH* -pas+Bex-aBm*un-csa +Beng—-oBaThb
+6er—-yH—-OK* —-c+Ber—amwm*nun +6en—-cTB*OBATH
+6er-yH*bSA —-c+Bex—aBm*un -otben-H*eThb
—-Ha+6er* —-y+Ber—alm*nun +6en-H-em*
—npu+Bex-m*e —y+Bex-aBm*unn +Ben-H*bm
—npo+ber* t+ben*a +Ben-oB*b1
—npo+Bex—-x*a +Bemg—H-oCT*b +Ben-cTB-eHH*LII
-pasz+ber* +beg—-H-oT*a +Ben-cTB-yooW* 1t
—y+6ex-—um*e +6en—-CcTB—eHH-OCT*b -o+Ben—H-eBm*HI

+Ber—atom*un +Beg-cTB-U*e —o+6en-H—-eHH*BM
+Ber—J*Bm +6em-cTB-U*S

The search of morphemic errors is cut down by the same ways as for literal errors. If the suspicious word is in the
dictionary, its co-members at the distant 0 or 1 are taken to match first. If the textual word is not available in the
dictionary, no candidate of morphemic type is searched. We cannot compare our method with others
quantitatively, since the latter do not exist. As to the letter distance between morphemic paronyms, it is usually so
high that their direct search in the literal space is absolutely impractical.

Conclusion

It is argued that correction of some semantic errors (namely, malapropisms) is possible by the use of paronyms,
i.e. of words similar to each other in letters, sounds or morphs. It is proposed to compile paronymy dictionaries of
three types beforehand. Literal paronymy dictionary essentially cuts the search of correction candidates.
Morphemic paronyms permit to quickly correct errors specific for foreigners and not studied so far. Russian
dictionaries are already created—or literal and morphemic paronyms. The compiling of sound paronyms is the
task for the future.
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