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Abstract

This paper presents a study of misspellings, basednnotated data from the ETS Spelling corpus. The
corpus consists of 3000 essays written by examineatsve (NS) and non-native speakers (NNS) of
English, on the writing sections of GRE® and TOEF&&aminations. We find that the rate of misspe#ling
decreases as writing proficiency (essay score)easds, both in TOEFL and in GRE. Severity of
misspellings depends on writing proficiency and nat NS/NNS distinction. Word-length and word-
frequency have strong influences on production a$spellings, showing patterns associated with
proficiency. For word-frequency, there is also@acleffect of NS/NNS distinction.
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1. Introduction

The ability to write text with adequate spellingais important aspect of writing proficiency, both hative
speakers of a language (Lunsford and Lunsford 2@®8) for foreign language learners (Bestgen and
Granger 2011). Effective spelling is important éarity of communication, and also because of dsiad
overtones (Cook 1997). Nowadays, good spellingds amportant for adequate automated processing of
texts — for example, misspellings can distort wai@utomated text metrics (Granger and Wynne 1999),
and pose problems for automatic content scorintesys (Sukkarieh and Blackmore 2009; Leacock and
Chodorow 2003). Bestgen and Granger (2011) haveodstmrated that spelling errors may serve as a
reliable predictor of the quality of L2 texts.

Corpus-based studies of spelling errors are tatditly focused on identifying the causes of spgllin
errors. Such studies are considered important édagogy (Botley and Dillah 2007; Cook 1997; Bebout
1985) and for development of spellcheckers (Pollank Zamora 1984; Turba 1981). For typology of
potential causes of misspellings, a classicalrdittn is between typographic errors, cognitiveoerrand
phonetic errors (Kukich 1992). When it is assumat the writer/typist knows the correct spelling bu
simply makes a motor coordination slip (etlpe—teh spell->spee), such errors are considered
typographical (typos). Cognitive errors (ergceive—recieve conspiracy»> conspiricy are presumed to
stem from misconceptions or a lack of knowledgehenpart of the writer/typist. Phonetic errors drese
where the writer substitutes a phonetically simit@quence of letters for the intended word (e.g.
abyss—~abiss). However, reliable classification of spejlerrors in any given corpus is problematic. This i
succinctly illustrated by Kukich:

It is frequently impossible to ascribe a singleegaty to a given error. Is ‘recieve’ necessarily a
cognitive error, for example, or might it simply betypographic transposition error? Similarly, is
‘abiss’ a phonetic or typographic error? Fortunatélis often unnecessary to categorize errors in
order to develop a useful spelling correction tegh@ because many correction techniques handle
typographic and cognitive misspellings equally wElikich 1992, 387).

Notably, with the addition of phonetic algorithmesutomatic spellcheckers can handle many phonetic
misspellings as well (Flor 2012; Pollock and Zambg&4).

The question whether analysis of patterns of spekirrors is necessary for improving spellcheckers
is still open. Recent research indicates that gersgellcheckers, that are developed for nativguage
speakers, are not well suited for language learmersds, and thus studies of L2 spelling errors are
considered important for improving spellcheckerg\ermale 2010; Rimrott and Heift 2008; Mitton and
Okada 2007). On the other hand, Flor and FutagiZp®ave demonstrated that a contextually driven
spellchecker corrects spelling errors, generateddiive and non-native English writers, with almtist
same rate of success. In a related study, Flor2[284s demonstrated that the error correction padace
of an automatic spellchecker is influenced by therall quality of a text (i.e. a holistic writing-gficiency
score assigned by a human scorer). The error ¢imme@te was higher for better quality essays lamgkr
for lesser quality essays. This leads to an inimguguestion — to what extent patterns of misspgdi
reflect the native/non-native distinction, and toatvextent they reflect overall writing proficienieyels.

In this paper, we present a large-scale study ti€pe of misspellings in essays written by native
and non-native speakers of English to the writirgmpts of TOEFL and GRE examinations. We utilize th
large annotated corpus of misspellings that wagldeed for evaluating the performance of an autmmat
spell-checking system (Flor and Futagi 2013, 20A@r, 2012). An important feature of this corpughat
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misspellings were annotated in full context of #ssay and corrections were supplied. We specificall
refrain from guessing the sources of individualllspe errors. We use several objective attributés o
misspellings: severity of error (as approximatedebit distance), length of the intended correctdvand
language-frequency of the intended word.

The paper is structured as follows. First, we presietails about the corpus, and explain the
annotation process (Sections 2-3). Section 4 pesviEbme descriptive statistics on the spellingrerim
this dataset. Section 5 introduces the breakdowndtive and non-native speakers. Section 6 desah
analysis of fusion errors. Section 7 presents amalgf misspellings by edit distance (to correatrfp
Section 8 looks at the relation between misspddlisugd the length of the intended word. Sectiono8dat
the relation between word frequency and misspedling

2.  Thecorpus
The ETS Spelling Corpus is a collection of essaystesnatically annotated for misspellings. It was
produced at the Educational Testing Service in 20013, for the task of developing and evaluating ne
spell-checking software. The spellchecker develogmesearch has produced an advanced contextually-
aware spellchecker, Conspel, as described by Bit2), Flor and Futagi (2012). This system is alyea
included in automated essay-analysis systems at ETS

The corpus comprises essays written by examineethemriting sections of GRE (Graduate
Record Examinations) and TOEE(Test of English as a Foreign Language) (ETS 2®)1@he TOEFL
test includes two different writing tasks. For thdependent task, examinees receive a predefimped aod
have to write a short opinion essay on that toPic.the Integrated task, examinees receive twordifte
sources presenting conflicting arguments about sigswe. Examinees’ task is to write a summary essay
comparing the arguments from the two sources. TR& @nalytical Writing Section also includes two
different writing tasks. On the GRE Issue tasktipgrants write a short argumentative essay byntald
position on an assigned topic. On the GRE Arguntesik, test takers are presented with a short angume
text (the prompt) and then write an essay evalgahnse arguments. The writing tasks of both TOBR
GRE tests are delivered (via internet) on compuétrgest centers around the world. The setting sake
mandatory use of the standard English language smpgeyboard (QWERTY). Editing tools, such as a
spell checker, are not provided in the test-dejivanvironment (ETS 2011a). All writing tasks haved
constraints.

To illustrate the kinds of spelling errors encouetk the excerpt presented below was taken from a
low scoring essay. In addition to spelling errara)so involves grammar errors and anomalous vooder.

the person who is going to be take a movie to $@wfilm is totaknto pass the star heroes moviém suppose
to taknthat is notvaliedis todistroy to take alheroneos

Currently, the corpus includes 3000 essays, footal tof 963K words. All essays come from
operational test administrations conducted betwibenyears 2007 and 2009. The essays were selected
equally from the two testing programs (4 tasksplt@mpts per task, 75 essays per prompt). The corpus
essays cover the full range of essay scores (asxg for English proficiency levels) for each tascores
range from 1 to 6 on GRE, and from 1 to 5 on TOEWith higher score indicating better proficiencarF
each prompt, we sampled an approximately equal rumbessays for each score le¥@he majority of

2 While the typical distribution of essay scoresniormal’-like, i.e. most essays get scores inrtfiédle of the rating scale and
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essays in this collection were written by examinieesvhom English is not the first language. Outloé
1500 TOEFL essays, 1481 were written by non-nasjveakers of English (98.7%)Out of 1500 GRE
essays, 866 were written by non-native speakeEnglish (57.7%).

3. Annotation

The annotation procedure and tools used for tlagepr were described in detail by Flor and Fut2¢il@).
Annotators were required to 1) find and mark mifiss in texts, and, 2) provide the correct wojd(s
each misspelling. Since human annotation of mifiggslis tedious and also error-prone (annotatéteno
miss some misspellings), we used a semi-automaelnigque, where a system auto-detects many
misspellings (by consulting dictionary files) anidtiights misspelled words. However, the annotatast

not only accept/reject automated suggestions,lbatceck if any misspellings were missed by tretesy.

The annotation scheme for this project defines fdasses of misspellings (see Table 1). The
primary distinctions are 1) whether the words Kgfs) are found in the dictionary, and 2) whetheeaor
spans one or multiple word tokens. Single-token-word misspellings are spelling errors where an
intended word was misspelled so that the reswdtgging that is not in a dictionary, e.gusineeswhere
“business was intended. This category also includes fustorors (e.g. taketd where ‘take td was
intended). Another category involves single-tokemors where the resulting string happens to be daan
the dictionary, but is not the proper or 'intendedtd in the context. For example, typinyéy for “ther.
Such errors are known under a variety of labelsh s malapropisms, real-word errors, confusioargrr
or contextual errors (because the error is appavatyt in context). The third category are non-word
misspellings that span more than a single wordeNlwdt these are not simply cases of adjacentesingtd
misspellings. Multi-token misspelling is definedasase where a correction involves simultaneousise
than one token (e.gmfor efuri when “more furi was intended). For this category, at least ontheftokens
in a sequence is not a dictionary word. The comphaary fourth category are multi-token real-word
misspellings where all component strings are dietig words (e.g. With out for “without’). This
categorization schema was motivated by the effofrtthe spell-checking software development. Single-
token non-word errors (NW) are the most abundgme tyf errors (see Table 1), while dictionary looksip
the most reliable error-detection approach (KukieB2).

In the annotated corpus, different spelling vasa(dlternative spellings of same word) were
acceptable. This consideration stems from thenatenal nature of TOEFL and GRE examinations — the
examinees come from all around the world, beingistocened to either British, American, or other Esigli
spelling standards; so, it is only fair to accdpbfthem.

In annotation we deliberately ignored repeated wofelg. the thé&), missing spaces around
punctuation (e.g. *.home.Tomorrow.”) and improper capitalization (e.gBAnK). Many of the essays in
our corpus have inconsistent capitalization, whdene essays are written fully in capital lettershdugh
issues of proper capitalization fall under the gahambrella of orthographic errors, we do not cders
them 'spelling errors'. Another issue involvedhs boundary between spelling and other grammarsgrro
especially cases bordering on the real-word erabegory. In annotation we did not consider improper

fewer essays get extreme scores, for this studselexted a stratified sample — for each promptogk almost equal numbers
of essays from each scoring level, so as to prazigeod amount of data for extreme ends of thagattale. For example, for
one of the GRE prompts, for scores 1,2,3,4,5,6 atkh14,14,14,12,12 essays respectively.

% The native language of a test-taker is self-repo Writers of our 1500 GRE essays came fromdbihties, of them 583 from
USA and 517 from India. Writers of our 1500 TOERsays came from 55 countries, the largest subgtoeipg from China
(393), Korea (351) and Japan (209).
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inflectional variants as misspellings (such as raage when subject-verb agreement is violated, “éhg.
kids plays in the patketc.). Also, preposition errors (such as/at’) and article errors g/an’) were not
considered as misspellings and were not annotated.

Table 1. Classification of annotated misspellingshie ETS Spelling Corpus

Type Description Count in cor pus

1 (NW) single token Non-Word misspelling (e.g. Sinees”) 21,142 (80.05%)
also includes fusion errors (e.g. “niceday” forcaiday”)

1b NW misspelling for which no plausible correctionsMaund in contest 52 (0.20%)
multi-token non-word misspelling (e.g. “mor efuiot “more fun”) 574 (2.17%)
(RW) single token Real-Word misspelling (e.dnely” for “then”) 3,393 (12.85%)
multi-token Real-Word misspelling (e.g. “with dfidr “without”) 1,251 (4.73%)
Total 26,412 (100%)

The dictionaries used for this project include &b®B80,000 entries. The core set includes about
130,000 single token entries and 110,000 multi-werndries, providing a comprehensive coverage of
modern English vocabulary. This lexicon includesimdlectional variants for a given word (e.g. ‘l@y
‘loved’, ‘loves’, ‘loving’), and international spkhg variants (e.g. American and British English).
Additional dictionaries include about 120,000 exgrfor international surnames and first names namaes
for geographical places, brand names and manyiadalithnames. Inclusion of a wide variety of nanmees i
particularly important for an international testisetting, such as TOEFL and GRE examinations -ysssa
written on these tests often include names of farmeople, places and brands from all over the world
Inclusion of names-dictionaries provides for a&@ershift in categorization of spelling errors. lexample,
“hincé’ is a misspelling of 'hence’, but 'Hince' is alBa@ommon surname, so in our corpimsnte’ is
classified as a real-word misspelling.

4.  Annotation process

Corpus annotation was carried out in two stageis péper presents the results of the first staperevthe
exhaustive annotation effort focused on non-wordgspellings. An in-house annotation software was
developed for the project (Flor and Futagi 2018automatically highlighted all non-words in a giveext
and provided candidate corrections. Each text wdspgendently reviewed by two annotators. They were
required to check all highlighted strings, accepéftt flagged words and candidate corrections, candd
also provide their own correctioig hey also marked real-word misspellifg8lassification of annotated
strings was automatic: an annotated string was-mattked as non-word if it was not found in the sgst
dictionaries, and as a real-word misspelling ifveis found in the system dictionaries. Annotatos® al

4 For example: “In agriculture side, a lot of csogexploish<. And the pollution is growing.”

® Annotators could provide out-of-dictionary caiens, or accept non-dictionary words as correspiglled. Such new words
were later vetted and added to the dictionary.

® In the first stage, the annotators were inséito mark real-word misspellings when they sawrthisut they were not
instructed to look for such errors exhaustively.tHe second stage, we focused specifically orweadl errors. Annotators used
the same software, and saw the adjudicated anosdaftiom the first stage. The task was to scan eassay and look for
additional (yet undiscovered) cases of real-worsspellings. This task is currently in adjudicationt yet fully completed.
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marked multi-token errors, and the annotation safénautomatically tagged them as 'multi-token wwith-
word' (if at least one of the tokens was a non-wordmulti-token real-words'. Inter-annotator agreent
was calculated in two steps. First, we considergceeament on marking of misspellings (with two
categories: misspelled or not misspelled). Agreemes 99.3%, Cohen’s Kappa=0.85, p<.001 (notably,
most words in the whole corpus are not misspellkd}rict criterion was applied for calculating agment

on corrections: correction of a misspelling wassidered ‘agreed’ only if two annotations both malrke
word as misspelled and provided exactly same ciiorecAmong all cases initially marked by annotator
they strictly agreed on correction in 82.6% of tases. For all cases that were not in strict ageagnall
differences and difficulties were resolved by ajuditator.

5. Descriptive Statistics

This section provides general descriptive stagsdilbout the texts in our corpus and misspellingsdoin
them. The annotated corpus has 3000 essays. Avessgy length is 321 words (the range is 28-798
words). 130 essays turned out to have no misspgelib all. Total spelling error counts are givefable 1.
The average error rate was 2.74% for all spellingre in general, 2.2% for single-token non-words.
Notably, both TOEFL and GRE scoring guides do mojuire penalizing essays for spelling errors (ETS
2011a,b). In general, lower quality essays oftarolve many spelling, mechanics and grammar errors,
though their holistic scores also take into accotldir 'narrative’ and topical/argumentative qualit
(Ramineni et al. 2012a,b). In this study, we use hblistic essay scores, assigned by human scars,
estimators of writing proficiency.

Table 2. Summary statistics for the ETS SpellingpGo

GRE GRE TOEFL TOEFL TOTAL
Argument I ssue Independent | Integrated
Total essay 75C 75C 75C 75C 3,00(
Essays without misspellin 60 21 18 21 12C
Total Word Cour 263,57¢ 336,30: 212,93( 151,03: 963,84(
Average Word Coul 351 44¢ 284 201 321
Total count of Misspelling 5,93t 7,962 7,28 5,23( 26,41.
Misspellings as % of all wor 2.25% 2.37% 3.42% 3.46% 2.74%

Next we examine whether there are differences e rdte of misspellings between the testing
programs. Table 2 provides the breakdown of esaagsspelling error counts by program/task. Essays
written for the GRE tasks are, on average, lonpan tthose written for TOEFL. The proportions of
misspellings are also unequal. Overall, essays$enrfor TOEFL have a larger proportion of spellergors
than essays written for GRE. We used a test fofel@ihce Between Two Independent Proportions to
compare the error ratéshe average percent of misspellings for GRE Ismsays (2.37%) is significantly
larger than the average percent of errors for GRiuent essays (2.25%), z=2.96, p<0.002. The agerag
percent of misspellings for TOEFL Independent esg@y46%) is significantly larger than the average
percent of errors for GRE Issue essays (2.25%)3.464, p<.0001. For the two TOEFL tasks, the
difference in average error rates is not signifi¢ar0.25).

In sections 6-11, we focus on the single-token word errors, keeping the distinction between

" Two comparisons are within testing program (GREOEFL). The third comparison is between GREé¢sand TOEFL

Independent — those have similar writing assignsiemtite and support an opinion on a given topic.
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GRE and TOEFL essays, but dropping the task distimcFigure 1 shows that such errors are the $rge
category for every program/task. TOEFL Integratesbgs have the largest proportion of single-tokam n
word errors (85%), which is significantly largerath that for TOEFL Independent (80.9%), z=5.918,
p<.0001. The proportion for TOEFL Independent is,turn, significantly larger than for GRE Issue
(78.4%), z=3.829, p<.0001. The proportion for GREuUE is significantly larger than for GRE Argument
(76.7%), z=2.428, p<0.008. Despite those differenites evident that single-token non-word errams the
most prevalent type of error in all programs/taisa very large margin, and unification into tw@gps
(TOEFL vs. GRE) is reasonable.

85.0%
TOEFL Int

80.9%

TOEFL Ind m non-word

Mreal-word
78.4%
GRE Iss NW multi-tokens

W RW multi-tokens
76.7%

GREArg SO 15.2%

5.3%

0.0% 200% 40.0% 60.0% 80.0% 100.0%
Figure 1. Relative proportions of various typesri$spellings by program/task

6. Native and non-native speakers

In this section we examine some differences inniln@ber of misspellings between native (NS) and non-
native (NNS) speakers of English. Following Cool097), we start with a broad question: which
population produced more error-less essays? Tleiglgiresented in Table 3. For NS writers, 10.7% of
essays have no spelling errors, while for NNS wsjtenly 2.3% of essays have no errors. This may
suggest that NNS writers are more prone to makpeliag errors. Such a suggestion may be supported
with data from Table 2 in the previous section,vging that the error rate (misspellings as % ofaadrds)

in TOEFL is larger than in GRE; in TOEFL 98.7% afays in our corpus are NNS, whereas NS are well
represented in GRE.

Table 3. Essay counts in ETS spelling corpus, $lypi®gram and NS/NNS status

Group | TOEFL | GRE Total count Essayswithout
misspellings

NS 19 634 653 67 (10.7%)

NNS | 1481 866 2347 53 (2.3%)

® In the analyses in this paper, we use only TOENIS data and exclude the 19 TOEFL NS essays.
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A closer look at GRE essays, by NS/NNS status asdyescore, reveals a more complex picture
(see Figure 2). Most of the NS essays in our colay® high scores (4-6), while most of the essay® f
NNS have low scores (1-3). Thus, we should condiderextent to which the quantity of spelling esror
reflects NS/NNS status or writing proficiency (aepresented by essay score). This consideration is
presented in Figure 3, consisting of two paralkel bharts — one for GRE and one for TOEFL. For each
population, the average percent of misspelled w(pds essay) decreases with higher proficiencyrd e
a gap between NS and NNS at lower proficiencies rfi®e fewer misspellings, on average), but it dose
quickly as the scores go up. Analysis of varian@enfl a significant main effect of score,
F(5,1500)=65.173, p<.0001, a significant effect M6/NNS status, F(1,1500)==48.86, p<0.0001, and
significant interaction F(5,1500)=5.447, p<0.000fTdata for TOEFL NNS essays show a similar trend:
the average percent of misspellings (per essaygdses with higher writing proficiency.

Proportions of GRE essays by score and NS/NNS status
35.0%
[=2
g 300% 250 183 =
3
214
E 25.0% —
w
£ 20.0% 158 119 —
= 140 NS
Y 15.0% — — — —
=<3 ’ NNS
m
£ 100% = 590 .
]
& 5% 11 | — | — | — | —] B8
0.0% T 1
1 2 3 4 5 6  Essay Score

Figure 2. Percent of GRE essays by score and NSAt#NGs. The total for each color is 100%.
Note: Essay counts are provided, but the bars eadesl by relative percentage.

8.00% Average % of misspelled words per essay (GRE] B.00% | Average % of misspelled words per essay (TOEFL NNS)
7.00% 7.00%
6.00% 6.00% | |
NNS
ENS
5.00% 5.00% ——
NNS
400% 4.00% {—
300% - 2.00% {—
2.00% - 2.00% |
1U0% | 1 —l - oos [ -
oo N IS HE ES BS EE ‘ ‘ . ‘ |
A 1 2 3 4 5 Essay Score B 1 2 3 4 Egsay Score

Figure 3. Average percent of misspelled words geag, by NS/NNS and score (panel A — GRE data] Ban@ OEFL data)
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7.  Fusionerrors

Fusion errors (also known as run-on errors) arglsitoken non-word misspellings that result froraidm

of two intended words, often due to omission of $pace or hyphen between words. Examples from our
corpus:schoolstudentgschool studentsglithe (all the),doesnot(does not)jnour (in our), selfconfidence
(self-confidence). Our research question in thigtise is whether the rate of fusion errors (amofig a
single-token non-word misspellings) is related tating proficiency and whether it is influenced by
NS/NNS status. For GRE data, we compared how matheasingle-token non-word errors are fusions, by
NS/NNS status and essay score level. The datarasenged in the two panels of Figure 4. NNS writers
produce more fusion errors than NS writers. A MaNhitney U test indicates that the distribution of
fusions is not the same for GRE NS and GRE NNSppqW=4, n1=n2=6, p<0.02, one-tailed). The left-
hand chart indicates that for NS writers only datascore level 1 seems to be different (6.8%),levttie
proportions of fusions for other score levels témdtabilize around 3%. The improvement comes yéarl
and stabilizes. Indeed, for GRE NS data, the ptapoof fusions at score level 1 is significantliglmer
than at score level 2 (z=1.898, p<0.03), but nohthe pair-wise comparisons of proportions for othe
score levels are significant. For the GRE NNS d#ie, tendency is different, continued reduction in
proportion of fusions as writing proficiency impes: The difference of proportions between GRE NNS
groups of score 2 and 3 is significant (z=1.892).p3), and so is the difference between groupsd34an
(z=1.945, p<0.03), but the differences between ggod, 5, and 6 are not statistically significanbr F
TOEFL NNS data, the proportions of fusions are lsimfior all five score levels, fluctuating arounéo5

10.00% - - - - 10.00% - . . .
Fusions in NW misspellings (GRE data) Fusions in NW misspellings (TOEFL NNS data)
9.00% 9.00%
=B NS )
8.00% 8.00% NNS
NNS )
7.00% —j 7.00%
6.00% \ 6.00%
5.00% \ 5.00%
4.00% \ 4.00%
3.00% \/W 2 00%
2.00% 2.00%
1.00% 1.00%
0.00% . . . . : | | 0.00% ; ; ;
1 2 3 4 5 6 1 2 3 4 5
A Essay score B Essaf’swre

Figure 4. Proportion of fusion errors among singtden non-word misspellings, by essay score, foaftNSENNS populations in
GRE data (panel A) and NNS TOEFL data (panel BalTmunts are 80, 609, and 509, respectively.

Fusion errors may arise randomly when writers tygg@dly on the keyboard. If this were the only
cause for fusions, one might expect the rate oiofissto be roughly equal for all proficiency levels
However, fusion errors (or a writer’s failure tor@xt them) may also be influenced by lack of krexige
on how to correctly write certain English word candiions. In such case, one might conjecture that t
rate of fusions would decrease as the overall ngiproficiency improves. The pattern of resultsaoied
for GRE NS and GRE NNS data is consistent withkim@vledge hypothesis: the rate of fusions decreases
as essay scores increase. For native English spethlecknowledge transition is rather abrupt — fisare
level 1 to score level 2, and rather steady aftet. tOn the other hand, the decrease in the rdtesins for
GRE NNS data continues at least until score levelvBich might reflect continued acquisition of
orthographic knowledge for word combinations. Cantrto GRE NNS data, the TOEFL NNS data is not
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consistent with the knowledge-influence hypotheBiee rate of fusions in the latter is almost fletoss all
score points. This discrepancy between the two bdi&ulations is puzzling, leaving an open questan f
further research.

8.  Error severity

Edit distance is the minimal number of charactbed heed to be changed in order to transform amggst
into another (Levenstein 1966, Damerau 1964). #&idiance between the correct word-form and ther erro
can be used as a rough indicator of the severity spelling errof. A misspelling that differs from the
correct form by one character is a rather sligrespelling, while a misspelling that differs by 4achcters

is a rather strong distortion of a word. For examplicessfubsuccessfu(e.d.=1),voultaneer»volunteer
(e.d.=4),naiberhouad-neighborhood(e.d.=6). In this study we use simple edit diséarvehere insertion,
omission, and substitution of one character coont fpoint, and transposition of two letters alsards for

1 point.

Our research question is whether severity of eri®reelated to writing proficiency and to the
NS/NNS distinction. Table 4 presents the breakdafrsingle-token non-word misspellings by edit
distance, for NS and NNS populations in our corfiigerall, NNS writers produce larger proportions of
severe errors. The proportion of least severe £(ed.=1) is larger for NS writers (83.15%) thanMINS
writers (79.47%). This difference is statisticaflignificant, z=4.436, p <0.0001. We may be tempted
infer that NNS writers produce more severe errblgwever, a breakdown by proficiency level (essay
score) reveals a different picture (see Figuréb)the left panel of Figure 5, there seems to beffext of
NS/NNS status, and the average error severityreckhs writing proficiency improves. With the GRidad
(all single-token NW errors), we conducted a twop@NOVA by essay scor@ and NS/NNS status, with
edit distance as dependent variable. There is rafisgnt effect of score, F(5, 10799)=9.954, p<0D0
while the effect of NS/NNS status is decisively rmgnificant (F(1, 10799)=0.772, p=0.38, and the
interaction is also not significant (F(5, 1079956, p=0.155. For the TOEFL data (only NNS), a was-
ANOVA showed a strong effect of proficiency levE(4, 10260)=20.699, p<0.0001. Our present findeg i
that ‘severity of spelling errors’ (as measureddat distance) is directly related to writing pméncy.

There is no evidence that the NS/NNS distinctios dnay role.
Table 4. Sample misspellings and their edit distanc

: Total NS data NNSdata
Edit NW errors o o
Distance (tokens) Count % Count Yo
1 16908 2393 83.15% 14515 79.47%
2 2957 372 12.93% 2585 14.15%
3 827 88 3.06% 739 4.05%
4 296 22 0.76% 274 1.50%
5 100 2 0.07% 98 0.54%
6 41 1 0.03% 40 0.22%
7 7 7 0.04%
8 2 2 0.01%
9 4 4 4 0.02%
Totals: 21142 2878 100% 18264 100%

° Notably, edit distance plays an important ral@itomatic spelling correction algorithms, fromlearoposals in the 1960s,
through the advent of advanced spell-checkers ¢ukB92) and today with contextually driven spéiécking (Flor 2012).
10 Each misspelling carries the score of the eséeye it was found.
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Figure 5. Average error severity (edit distance)rfion-word misspellings, by essay score
(panel A — GRE data, panel B — TOEFL data)

9.  Word length and spelling

In this section we address the relations betweew femgth and misspellings: whether short or lorggyds

are more likely to be misspelled, and whether thera difference between NS and NNS populations on
this issue. We consider only single-token non-wenebrs which are not fusions (i.e. we focus on sase
where one intended word was misspelled and resuitetie non-word). There are 2715 such cases from
GRE NS data, 7395 cases from GRE NNS data, and @&&sk from TOEFL NNS data. For all such errors,
we took the corrections (the intended words) andutated their lengths (number of characters). FEdh
presents the relative distribution of errors focle@opulation, by length of the intended correctdvd-or

all three groups, the proportion of errors increaae word length increases from 2 to about 7-8achears,
and then decreases, with a sharp drop after lel@@tiihere are some obvious differences betweenndS a
NNS.
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Figure 6. Relative proportion of single token NVEél§pg errors by length of the intended word.
For each population group — distinct line on theadh- all errors sum to 100%
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In GRE data, for words 3-7 characters long, NNSesxsi tend to produce more errors than NS
writers (for each word length, the point on the NINfe is higher than the corresponding point on Ni&
line). For example, about 5% of all errors madeN$ are words of length 5, but for NNS, such words
account for more than 8% of errors. Words of lertionstitute about 8% of all errors for NS, bu¥didr
NNS. This trend reverses for longer words (lengttd8haracters) — NS writers produce relatively enor
misspellings in such words than NNS writers do. phdern for TOEFL NNS data resembles GRE NNS
more than GRE NS data. The two NNS lines are almwstlapping for word lengths 2-6, and similarly
peak at word length 7. They also overlap for wertgths 11 and longer. For words of length 7-10, FDE
NNS data shows a rather steep drop in the propodfoerrors, while GRE NNS data shows a leveled
decrease. The average length of the intended v8o8d#d characters for TOEFL NNS, 8.13 for GRE NNS
and 8.85 for GRE NS.

The data above suggest that NNS writers have mouble with shorter words than NS writers.
This is quite puzzling. One expects the non-nasipeakers to have more trouble spelling longer words
which are supposed to be more difficult. Howevee, should consider different interpretations foisthi
finding. NNS writers may overuse short words andarase long words, as compared to NS writers, and
thus the opportunities for misspellings might bi#edent between the groups. Alternatively, it coble an
effect of proficiency levels, rather than NS/NN&tss (in the GRE dataset, the distribution of N&ags is
skewed toward higher scores, and the distributibNNS essays is skewed towards lower scores, see
Figure 2). In the following paragraphs we consitter distribution of words by word length, both falt
words in the essays, and for the misspelled words.

One direct approach is to compare data for migsgslfrom GRE essays, by NS/NNS populations
and by essay score. This dataset has 10110 swigte-NW errors (excluding fusions). Panel A in Feyd
presents average length of the intended word ftwlo groups, by six proficiency levels. It illuesties that
there is indeed an effect of proficiency — averbgggth of intended word (misspelled to NW) increase
with higher proficiency. A two-way ANOVA indicated significant main effect of essay score F(5,
10110)=22.071, p<0.0001, and a significant maieatfof NS/NNS status, F(1, 10110)=12.885, p<0.0001.
The interaction was not significant (p=0.188). erage, at almost each proficiency level, nativgliEh
speakers misspell words that are slightly longantthose misspelled by non-native speakers. Thd sma
gap between NS and NNS closes at score=4, butwidans at scores 5 and 6. The data for TOEFL NNS
population (n=9751 misspellings) is presented ingbadB of Figure 7. A one-way ANOVA showed a
significant main effect of score level, F(4,97516=&.9, p<0.0001. Indeed, as the essays improve, the
tendency for misspellings shifts to longer wordsali three populations.

If the finding presented in Figure 6 stems frompogunity’ to misspell long words, we need to
consider overall patterns of usage for words ofed#nt lengths. We expect that as essays get better
utilization of longer words also increases, anchwiiat — the opportunity to misspell them.
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Figure 7. Average length of ‘intended’ words (thegulted in single token NW errors), by essay sdorehree populations
(panel A — GRE data, panel B — TOEFL data)

We computed average word length (for all words) gesay for the 1500 GRE essays. The data is
presented in Figure 8, panel A. A two-way ANOVAealed a significant main effect of proficiency @ss
score): F(5,1500)=18.667, p<0.0001. The main effeft NS/NNS was marginally significant,
F(1,1500)=3.317, p=0.069. The interaction was mptiicant (p=0.711). There is a slight tendency &
writers to use longer words, however this tenderscyot statistically significant. The gap closes as
proficiency improves, and disappears at the higliggency levels (scores 5 and 6). A similar anesysas
performed for 1481 TOEFL NNS essays. A one-way ARG¥iowed a significant effect of proficiency
level (score): F(4,1481)=24.181, p<0.0001. Morefipient writers use a higher proportion of long asr
than do less proficient writers. This provides s@upport to the idea of increasing opportunity isspell
longer words. However, although the average wandtle per essay increases with higher proficienote n
that the difference between averages of extreme ggoups (1 vs. 6) is just about 0.3 characters.
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Figure 8. Average length of words per essay, bgyessore, for three populations (panel A — GRE datmel B — TOEFL data)

As noted above, for each group (GRE NS/NNS and TOHRS), we tallied the number of all
words by word length. We also tallied the numbesiofjle-token non-word misspellings for each group,
tallying by the length of the correct intended woFbr each group, we calculated the proportion of
misspelled words out of all words, for each wordgl. The data is presented in Figure 9. This ketai
breakdown reveals patterns that were not cleahenanalyses above. Despite inevitable noise, arall sm
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counter-examples, the general trend is commonlipadulations: for words of every length group, the
proportion of NW errors made with words of thatdéntends to decrease as the writers’ proficiency
increases. For example, in GRE essays written by5Nfér words of length 8 characters, lowest-
proficiency writers make a spelling error in 15%tbéir 8-character words, at proficiency level £yth
misspell 3.8% of their 8-character words, and afigiency level 6 — just 2%. Thus, as writers oéaper
proficiency introduce more of the longer words (K 8), the proportion of misspellings they makéhwi
longer words actually decreases (Figure 9). Thisbminterpreted as improving lexical knowledge.
Another trend is also visible in Figure 9. For gv@opulation, for each proficiency level, the
relative proportion of NW misspellings tends to reese as the word length increases. Within each
proficiency level, longer words are more diffictdtspell correctly than shorter words are. For gxaffor
TOEFL NNS essays scored at level 3, writers mi$sh8P6 of their 6-character words, 6% of their 7-
character words, 9.4% of 8-character words, 10.8%aharacter words, 14.4% of 10-character words an
19% of 11-character words. Note that Figure 6 iatdis that most of the errors occur with shorterdaer
relative to total amount of misspellings. This scause shorter words are overall used more oftah. B
when percent of misspellings is expressed as veladi the amount of words of given length, as iguFe 9,
it shows that the proportions of misspellings aesater for longer words.
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Figure 9. Relative proportions of NW-spelling-espby word length (of the correction) and essayecfor three populations
Note that the sum of percents for each color (sgooeip) does not add to 100%.
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10. Word frequency and spelling errors

In this section we consider how word frequency nhey related to spelling errors. Are misspellings
committed more often with frequent or infrequentrés® Infrequent words might be considered more
difficult — the relative lack of familiarity may odribute to lack of knowledge about how to spebrth
correctly. We label such view a ‘knowledge-basegdthesis. This view predicts more errors with rare
words than with more common words. The ‘opportubiéged’ hypothesis, by contrast, assumes that
misspellings are random. Following this view, on@wd expect to find more spelling errors of thegfrent
words — because they are used more often and saergreater chance for committing errors. We labk
the interplay of word-frequency, NS/NNS status awmdrall writing proficiency, focusing the analysia
single-token non-word errors (excluding fusions).

For every word in every essay in our corpus, waetjdency was obtained from a very large
collection of English textst As our frequency measure we computed Standardu€ney Index (SFI;
Carroll, Davies, and Richman. 1971), calculated @$ogo(WF)+10), whereWF is the relative frequency
of a word form in the large collection. The SFI @@ conveniently maps frequency values into a®-10
range*? For each misspelling we retrieved the correct wionch corpus annotations and obtained the SFI
of the intended correct word.

We begin with a comparison of average SFI of miksgpentended words. The chart for GRE NS
and NNS populations, broken down into 6 proficieheyels, is presented in panel A of Figure 10. The
average SFI of the intended word decreases withehigroficiency, i.e. errors are committed witherar
words. A two-way ANOVA indicated a significant maieffect of proficiency, F(5, 10110)=21.008,
p<0.0001, and a significant main effect of NS/NN&uss, F(1, 10110)=12.371, p<0.0001. The interactio
is also significant, F(5, 10110)=2.588, p<0.03)eTihteraction is due to an unexpectedly high aweSig|
of misspelled words in the lowest-scoring essagmflNS writers. If we consider only scores 2-6, ¢hisr
an effect of score, F(4, 8267)=17.734, p<0.000#], M8/NNS status, F(1, 8267)=41.955, p<0.0001, but n
interaction. Words misspelled by NS writers areaverage of lower frequency than those misspelled by
NNS writers of comparable proficiency. The data TQEFL NNS population is presented in panel B of
Figure 10. A one-way ANOVA showed a significant maiffect of score level, F(4, 9751)=46, p<0.0001.
As proficiency increases, the average SFI of miksphevords becomes lower; same trend as the one see
in the GRE data.

Is there a relation between the trends for missms] presented in Figure 10, and overall word
usage in essays in our corpus? One may expedifatriters utilize more rare words than NNS writers
and that usage of lower frequency words increasegswyiting proficiency (leading to lower averagew
frequency). If this is the case, it might expldie trends observed for the misspelled words. Testigate
this assumption, we consider the general trendwartl usage by word-frequency. Using the all-spell-
corrected versions of essays, we computed wordf@Fevery word in our corpus. Figure 11 presents
average word frequency of all essay words, for gagulation, by proficiency level. A two-way ANOVA
for GRE data showed a significant main effect affigiency level, F(5, 597442)=37.362, p<0.0001, a
significant main effect of NS/NNS status, F(1, 597%-8.441, p<0.005, and even a significant intéoact

1 For word frequency data, we used a combinedusoop 1.5 billion word tokens. It combines the GMgd 2003 corpus
(Graff and Cieri 2003) and an ETS internal cormasisisting of popular science and fiction texts.

12" Theoretically, a formula like 10(lggWF)+K) maps frequency values from [0,1] range in{e-8100] range. Carroll, Davies,
and Richman (1971) used K=4, but their WF was copet million. With our WF, for a corpus up to dibh words, using

K=10 ensures mapping into a [0,100] range. Sincaeference corpus is larger, all negative SFl @alwere taken as zero.

Learner Corpus Research: LCR2013 Conference Proceedings 2015, BeLLS Vol. 6, BeLLS.uib.no

122



Patterns of misspellings in L2 and L1 English

F(1, 597442)=2.903, p<0.02. For TOEFL NNS dataABI®VA showed a significant main effect of score
level, F(4, 356181)=34.733, p<0.0001. Overall, #verage word frequency decreases as the essay score
increases, and average word frequency is lowessays written by native speakers. Overall, thes#ifgs

are similar to the finding for misspellings. Howeveve consider that this trend does not sufficientl
explain the patterns for misspellings. For all-wedata, the actual average frequency values ayeclase,
between SFI 69 and 68 for all groups and levels BBgure 11). For average SFI on all words, thgeaof
variation is very small (about 1 SFI point), whilee range of variation of average frequency of pe#ed
intended words is much larger — about 9 SFI pdmt$GRE and 4 SFI points for TOEFL (Figure 10). The
decrease in average frequency of misspelled wardauch more dramatic than the overall decrease in
average word frequency.
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Figure 10. Average language-frequency of ‘intendeatds (that resulted in single token NW errorsg) essay score, for three
populations (panel A — GRE data, panel B — TOEFaga
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Figure 11. Average language-frequency of all esgasds (spell-corrected essays), by essay scorghfee populations
(panel A — GRE data, panel B — TOEFL data)

We conducted another, different analysis. Instebdooking at average word frequency, we
calculated how many words from different frequeteyels are used by writers, and what are the welati
proportions of misspellings. First we looked at @leword usage by word frequency. We defined Ifsbi
for word frequency bands, from very rare words 3B, to the most frequent words (SFI=>80). Forheac
population (GRE NS/NNS and TOEFL NNS), we tallibé number of all words by SFI values, using the
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spell-corrected versions of essays. The data isepted in Figure 12. The tendencies for all three
populations are quite similar. Words that are mioeguent in English are also used more often in the
essays. For frequency bands of SFI:40-45 to SES(are to moderately-rare words), the relativeget

of such words tends to increase with increasedgxeoty. For frequency bands SFI:65-70 and SFI:Z0-7
there is an inverse tendency — as proficiency ages, the relative percent of such words decre&ses.
frequency bands SFI:60-65 and SFI:75-80 the redgbercent is rather stable across score levelseSom
difference is apparent for bin SFI:55-60: the GRES\population has increase in relative percenuohs
words with increased proficiency, but for GRE NSIarOEFL NNS populations, such trend is barely
apparent. For all three populations there is almdency to use more words of the highest frequbaad
(SFI1:80+) as proficiency increasts.

Next, we looked at the distribution of misspellirgstheir word-frequency. We counted the number
of single-token non-word misspellings (excludingi@ins), binning by the SFI value of the intendeddvo
(the spelling correction). Figure 13 presents ttaportion of NW errors in each bin — out of all N&kfors,
counting separately for each score level (colorshaand for each population (separate charts). For
example, for TOEFL essays written by NNS writerang@ C), consider the highest scoring essays (score
5). Out of all NW misspellings in this score groughout 8% are with words of lowest frequency
(SFI:<=40), 6.5% are with words of SFI:40-45, 15.%%all misspellings are with words of SFI:45-50,
19.8% are with words of SFI:50-55, 23.9% are withrag of SFI:55-60, and 14.7% are with words of
SFI1:60-65. However much fewer of their misspellirrge with very frequent words: 6.6% with words of
SFI:65-70, 3.8% with words of SFI:70-75, 0.7% witlords of SFI:75-80 and just 0.3% with words of
SFI:80+.

The chart shapes for the three populations (GRENNS/and TOEFL NNS) are rather similar. For
each chart in Figure 13 we distinguish a left plihs SFI:<40 to SFI:55-60), where proportion of
misspellings increases with word-frequency, anmlat part (bins SFI:60-65 to SFI:80+), where prdjzor
of misspellings decreases with word-frequency. &reme similar patterns within every proficiencydev
(bars of same color): on the left side proportiérewors tends to increase with word-frequencytoleed
by a decreasing trend on the right side. This trignalot consistent with the hypothesis that midsyms
happen most often with the frequent words (wheesdpportunities are). If misspellings happen mare o
less randomly, we would expect to see most migsgslifor high-frequency groups of words. The charts
indicate that for each population group, most me#isgs happen with words of moderately-rare to
medium-high frequency (SFI 45 to 65), whereas tlgh-frequency words (SFI>65) receive very low
proportions of misspellings. Recall from Figurethat those high-frequency bins carry the largestiquo
of the essay words, and yet they have the lowasiopoof misspellings. The right-side parts of tterts
are consistent with a knowledge-based hypothesi®rds that are more frequent are likely to be bette
known, and thus fewer misspellings there. The es&bn on the left side of the charts are consistim
the ‘opportunity hypothesis’: as word frequencyreases from very rare to moderate, more such warels
used in essays (left sides in Figure 12) and tbhegtion of misspellings also rises with word fregay
(left sides in Figure 13). However, note that fitards (Figure 12), the increase of usage reaehlesal

13 This may stem from increase of essay length imittroving proficiency. The frequency band SFI:80eludes just four
words:the, in, of, andAs essays become longer, they have more clansieghaiases, and thus need more determiners and
frequent prepositions. Those are often qualifiethwan article the), a prepositionif, on), or coordinated with a connect@ng).
The absolute counts for those words should risethéerelative increase in their usage in longeegs is intriguing and deserves
a separate study.
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peak in bin SFI:60-65, whereas for misspellinggFe 13) the bin SFI:60-65 already shows a decrease
the proportion of misspellings.

There is another trend seen in charts of FigureVi&.consider how word frequency relates to
writing proficiency (comparing different color bargthin each SFI bin). In each population, withirosh
word frequency bins on the left side of the chaststers of higher proficiency produce more mistpgb
than writers of lower proficiency (e.g. bin SFI:46-in every panel). In the right side of the chatie
trend reverses: in most bins, as proficiency ingesathe proportion of errors decreases (e.g. Bir6S 70
in every panel). More proficient writers are possibetter acquainted with medium-to-high-frequency
words, which may explain that decreasing trendhiwieach bin) on the right sides of the charts.
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Figure 13. Rates of NW-spelling-errors in studesgays, by word-frequency (binned SFI) and by peofixy, for three groups of
essays. Each color in panels A-C represents a Bpgubficiency (score) level. The sum for eachredevel (color) on each
panel is 100%
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For the third analysis, we calculated the propartid misspelled words out of all words, for each
SFI bin, for each proficiency level, for each paiidn. The data is presented in Figure 14. Givgnoap
of essays (defined by population and score leve)find all words in those essays that belong ¢ivan
word frequency bin, and count how many of them weisspelled (as single-token non-words). For
example, in GRE essays written by NNS writers (p&)gefor words of SFI band 50-55, we compare the
different-color bars in the bin: low-proficiency iars make a spelling error in 14% of such words; a
proficiency level 2 writers misspell 9.3% of suclerds; at proficiency level 3 — 6.5%; and at praigy
level 6 — just 1.2%. Similar tendencies can be nlesefor GRE NS and for TOEFL NNS data.

There is a strong pattern. For each populationwirds of every frequency band, as the writers’
proficiency increases, the proportion of NW misBpgs they make with words of that frequency-band
decreases. This overall trend is remarkable, agists despite the fluctuations of overall usevfords of
different frequency bands (as seen in Figure 1@)words of SFI bands 40-45 to 50-55, the usagriof
words increases with proficiency (writers are usimgre of infrequent words), yet the tendency tospedl
such words decreases with proficiency. This treawl loe interpreted as a clear sign of improvingcleixi
knowledge — proficient writers may know more of th&equent words, and use these words more often
than the less proficient writers do, but proficieniters misspell such words less than the noniqeoft
writers do.

Another pattern in Figure 14 is apparent withinhepooficiency level: the proportion of misspelled
words is higher for rarer words, and tends to desmeas word frequency increases (bars of same geifor
lower for higher-SFI bins, i.e. left to right). Bhirend may reflect the tendency of rarer word$éo
generally more difficult to spell, at any given é&\of writing proficiency. However, there is a roaable
exception: on the far left side of each panel, b&same color tend to increase (get higher) irfitisethree
bins, before they begin to decrease. This sub-tiesdrprising and deserves a separate investigatio

The third pattern in Figure 14 relates to diffeefhidetween native and non-native speakers. For
rare to medium frequency bands, GRE NNS writerslypce larger proportions of misspellings than GRE
NS writers. For example, for the band SFI:45-50GRE NNS essays of score 2, 14.3% of such words are
misspelled, while in GRE NS essays of same scarepthportion is 12%. For the same SFI band, for
essays of score 3, GRE NNS have 9.5% misspelleie @RE NS have 6.6%. Generally, the bars in the
GRE NNS chart are higher than in GRE NS chart. pitogortions in TOEFL NNS data are also higher
than in GRE NS data (although the essay scoredeavrel not directly comparable, due to differentes)a
The differences between the three populations tertisappear with increased proficiency levels lalts
diminish on the right sides of the charts).

Those three patterns can be seen as manifestaifoimsproving lexical knowledge. As lexical
knowledge increases, we expect greater use ofaraténfrequent words, as demonstrated in Figuré\§2.
lexical knowledge improves, we also expect to segnishing rates of misspellings for words of every
frequency band, as demonstrated in Figure 14.

Several factors contribute to the steep decreasev@fage word-frequency of misspelled words,
with improved writing proficiency (Figure 10). Ome hand, writers (both NS and NNS) increase thssr u
of rare and less-frequent words (Figure 12), andyntd those words come out misspelled. Even ifrdte
of misspellings for those words were rather constiarcould contribute to the lowering of averagel S
across proficiency levels. Actually, the rate okspellings for such words increases with proficjelevel
(left sides of the charts in Figure 13), which losvéhe average SFI even more. In addition, as @eoifty
improves, writers make relatively less misspellinggh the common (frequent) words, which also
contributes to the trend of lowering the averagedbfisspellings.
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Figure 14. Percent of NW-spelling-errors (out dfwabrds of given word-frequency bin, by proficieteyel (essay score),
for three populations. Note that the sum of persént each color (score group) does not add to 100%
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11. Conclusions

In this paper, we presented patterns of misspallibgsed on data from the ETS Spelling corpus. The
corpus comprises essays written by examinees owtitiag sections of GRE and TOEFL examinations.
The metadata of these essays includes scores edsigrnthe essays in operational testing, as well as
background information indicating whether test takeere native (NS) or non-native speakers (NNS) of
English. The corpus was manually annotated for meitiegs of various types, and corrections were
provided. The majority of misspellings (80%) wenggée-token non-word misspellings.

Analysis of average percentage of misspellings geway showed that the rate of misspellings
decreases as proficiency (essay score) increas#s,irb TOEFL and in GRE. While this finding is not
surprising, the comparison between NS and NNS aoipuls in GRE data has shown that there is a large
difference at lower essay score levels (NNS wripgogluce more misspellings), the difference shrinkhk
increasing proficiency and disappears at the higeesl of proficiency.

Using edit distance as an indicator of spellingeseverity, we analyzed all single-token non-word
misspellings. We found that severity of misspelindepends on writing proficiency. Writers of lesser
proficiency produce more of the severe errors, #rel average error severity decreases with better
proficiency. We found no evidence that error sdyasiinfluenced by the NS/NNS distinction.

Analysis of single-token non-word misspellings byndth of the correct (intended) word, revealed
some general trends. With increased proficiengasbecome longer (more words). Writers of in@éas
proficiency introduce more long words, but theyoalstroduce more short words, and the relative
proportions of words of different lengths remaiosghly similar for all levels of proficiency, forRE NS,
GRE NNS and TOEFL NNS populations. When amountradre (non-word misspellings) was expressed
as relative to the total amount of words of givendth, we observed two patterns. First, for every of
the three population groups, for each proficiereyel, the relative proportion of non-word misspejk
tends to increase with the increase of word lengtus, word length is related to misspellings —glem
words are more difficult to spell correctly. Anothgattern, repeated in each population group, as fibr
words of every length group, as the writers’ prefncy increases, the proportion of misspellingy timake
with words of that length decreases. So, whileassitof greater proficiency introduce more long veofich
absolute measure, such as average word lengtrspay)e they are also less prone to misspell sucdsvo
(as compared to writers of lesser proficiency).sTimding may be taken as a sign of improving lekic
knowledge.

Misspellings are also influenced by word frequentige average frequency of words that are
misspelled to non-words declines with writer prigficy, both in GRE and in TOEFL essays. GRE data
show that for each proficiency level (except therdst one), the average frequency of words where NS
writers make misspellings is lower than that for SiMriters of same level. We also asked whether
misspellings occur more often with infrequent woftlee knowledge-based hypothesis) or with frequent
words (the opportunity hypothesis). The resultspsuipthe knowledge hypothesis. When error propostio
are expressed relative to the number of words witfrequency bins, the dominant influence of word-
frequency becomes evident. For each population (IBEINS and TOEFL NNS) we observed two clear
trends. For words of every frequency band, as thigens’ proficiency (essay score) increases, the
proportion of NW misspellings they make with wordfghat frequency decreases. Within each profigienc
level, the proportion of misspelled words is higf@rrarer words, and tends to decrease as woquiérecy
increases. The similarity of trends in the threpyations suggests that for misspellings in collEyel
essays, writing proficiency might be a more impatrfactor than native/non-native distinction.

This paper presented a broad overview of findimgmfthe ETS spelling corpus. Our future work
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will concentrate on more specific investigationghwnore detailed categorizations of spelling esy@nd
also on investigation of spelling errors that spaross multiple tokens.
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