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Abstract
We introduce a language resource for Spanish, DysList, composed of a list of unique errors extracted from a collection of texts written
by people with dyslexia. Each of the errors was annotated with a set of characteristics as well as visual and phonetic features. To the best
of our knowledge this is the largest resource of this kind, especially given the difficulty of finding texts written by people with dyslexia.
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1. Introduction
Dyslexia is a reading and spelling disorder with neurolog-
ical origin (World Health Organization, 1993; American
Psychiatric Association, 2000).1 It is characterized by dif-
ficulties with accurate and fluent word recognition and by
poor spelling and decoding abilities. These difficulties typ-
ically result from a deficit in the phonological component
of language that is often unexpected in comparison to other
cognitive abilities (Lyon et al., 2003). Secondary conse-
quences may include problems in reading comprehension
and reduced reading experience that can impede growth
of vocabulary and background knowledge (Orton Dyslexia
Society Research Committee, 1994). Although dyslexia is
universal, its prevalence varies depending on the language,
from 10-17.5% of the population of the USA (Interagency
Commission on Learning Disabilities, 1987) to 7.5-11% of
the Spanish speaking population (Carrillo et al., 2011).
The errors that people with dyslexia write are very valuable
and have been used for various purposes as shown in the
next section, ranging from diagnosing dyslexia to software
applications targeted to people with dyslexia. However, the
existence of resources, such as corpora or lists of dyslexic
errors are scarce. Therefore, in this paper we present the
first list of Spanish dyslexic errors which has been anno-
tated with different types of linguistic information. This re-
source is valuable and can serve as a basis to develop more
tools to help this target group.
The rest of this paper is organized as follows. In the next
section we show how dyslexic errors have been used for dif-
ferent purposes. In Section 3 we cover related work while
in Section 4 we show how we extracted the errors. In Sec-
tion 5 we present the annotation criteria used for DysList
and in Section 6 we present the characteristics of the re-
source. Some conclusions and future work are drawn in
Section 7.

2. Dyslexic Errors as a Source of Knowledge
In general terms, errors can be used as a source of knowl-
edge. For instance, the presence of errors in the textual

1In some literature, dyslexia is referred to as a specific reading
disability only (Vellutino et al., 2004) and dysgraphia as its writing
manifestation (Romani et al., 1999).

Web has been used for detecting spam (Piskorski et al.,
2008), measuring quality (Gelman and Barletta, 2008), and
comprehensibility of web content (Rello and Baeza-Yates,
2012a).

Since the kinds of errors that people with dyslexia make are
related to the types of difficulties that they have (Sterling
et al., 1998), their written errors have been used for vari-
ous purposes such as (1) studying dyslexia, (2) diagnosing
dyslexia, or (3) for accessibility related purposes.

First, the analyses of writing errors made by people with
dyslexia were used in previous literature to study different
aspects of dyslexia (Connelly et al., 2006; Silva Rodrı́guez
and Aragón Borja, 2000). For instance, the specific types
of dyslexic errors highlight different aspects of dyslexia
(Treiman, 1997), such as the phonological processing
deficit (Moats, 1996; Lindgrén and Laine, 2011). The
dyslexic error rates vary depending on the language writing
system (Lindgrén and Laine, 2011). However, compared to
non-dyslexics, people with dyslexia present more errors at-
tributable to phonological impairment, spelling knowledge,
and lexical mistakes (Sterling et al., 1998). Even if dyslexia
is popularly identified by the letter reversals, according to
(Meng et al., 2005) only 30% of people with dyslexia have
trouble with reversing letters and numbers.

Second, since people with dyslexia exhibit higher spelling
error rates than non-dyslexic people (Coleman et al., 2009),
there are diagnoses of dyslexia based on the spelling score
(Schulte-Körne et al., 1996; Toro and Cervera, 1984). Also,
the spelling error rate is being used as a diagnosing factor
in the current official Catalonian protocols (Speech Therapy
Association of Catalonia, 2011).

Third, the exploration of corpora of dyslexic errors (Pedler,
2007; Rello et al., 2012a), was used for various accessi-
bility related purposes such as the development of tools
like spellcheckers (Korhonen, 2008; Li et al., 2013; Pedler,
2007), text prediction software,2 games for children with
dyslexia (Rello et al., 2012b), or word processors which
perform text customization taking into account frequent
writing errors (Gregor et al., 2003).

2Penfriend XL (http://www.penfriend.biz/).
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3. Related Work
To the best of our knowledge, there is only one corpus
of dyslexic texts in English, the corpus used by Pedler
(Pedler, 2007) for the creation of a spell checker of real-
word errors made by people with dyslexia. This corpus has
3,134 words and 363 errors (Pedler, 2007). It is composed
of: (1) word-processed homework (saved before it was
spellchecked) produced by a third year secondary school
student; (2) two error samples used for a comparative test
of spellcheckers (Mitton, 1996); and (3) short passages of
creative writing produced by secondary school children of
low academic ability in the 1960s (Holbrook, 1964). To de-
velop the spellchecker, that initial corpus was enlarged to
21,524 words containing 2,654 errors, with over 800 real-
word errors. The additional sources for that corpus were:
texts from a student with dyslexia, texts from an online
typing experiment (Spooner, 1998), samples from dyslexic
bulletin boards and mailing lists, and stories written by chil-
dren with dyslexia.
For Spanish, DysCorpus is composed of texts written by
children with dyslexia, containing 16 texts (1,057 words)
with 157 unique errors. The texts are school essays from
children with dyslexia between 6 and 15 years old. In
(Rello et al., 2012a) we described the this corpus, com-
paring the frequency and the types of errors with Pedler’s
corpus (Pedler, 2007).
Regarding lists of dyslexic errors, the only similar resource
is the list of English confusion sets compiled by Pedler
(Pedler, 2007),3 extracted from the corpus of text written
by people with dyslexia mentioned before (Pedler, 2007).
This list is composed of 833 confusion sets. A confusion
set is a small group of words that are likely to be confused
with one another, such as weather and whether.

4. Extracting Errors from Dyslexic Texts
Manifestations of dyslexia varies among languages
(Goulandris, 2003) but also among subjects and ages (Vel-
lutino et al., 2004). For instance, misspelling rate in
dyslexic children is higher than in adults (Sterling et al.,
1998). However, experiments evidence that adult with
dyslexia have a continuing problem in the lexical domain,
manifested in a poor spelling ability (Sterling et al., 1998).
Hence, we collected texts written by a similar population in
terms of age, education, native language (Spanish), and that
have been diagnosed with dyslexia. These texts were all
handwritten and we transcribed them manually. The words
that we were not able to transcript due to the illegibility of
the hand writing were marked.
We used a total of 83 texts composed of (a) 54 school essays
and homework exercises provided by teachers from chil-
dren and teenagers with dyslexia between 6 and 15 years
old (Figure 1), and (b) 29 texts provided by parents with
children with dyslexia. The school essays include the ones
from DysCorpus (Rello et al., 2012a).
From our text collection we manually extracted a list of
887 misspelled words, without taking into account illegi-
ble handwritten words. We did not extracted capitalization

3http://www.dcs.bbk.ac.uk/˜jenny/
resources.html

Monday, October 21, 13

Figure 1: Example of a (corrected) handwritten text of a
teenager with dyslexia (15 years old).

or accentuation errors since most children among that age
are still learning how to capitalize and accentuate in Span-
ish. This list has 678 different target words, where sigilosa-
mente (‘stealthily’) is the word with more misspelling vari-
ants (7). From this set of words we extracted 894 different
correct-misspelled pairs with a total of 1,171 errors. For
instance, the words accesibilidad (‘accessibility’) and sig-
ilosamente are the ones that have more different errors (12).
That is, there is more than one way to correct the mistake.

5. Annotation of Dyslexic Errors
We annotated each of the word-error pairs to create DysList
with the following information:

– Target word: the intended word the person aimed to
write.

– Misspelled word: the wrongly written word or to-
kens.4

– Damerau-Levenshtein distance: the minimum num-
ber of edits (insertion, deletion, substitution, transpo-
sition) required to change the misspelled error into the
(target) correct word (Damerau, 1964; Levenshtein,
1965).

– Target and misspelled word frequencies: defined as
the number of hit counts in a major search engine for
Web pages written in Spanish.

– Target and misspelled length: number of characters.

– Error position: the position in the target word where
the error occurs.

– Target word syllables: number of syllables.

– Target syllable: the structure of the syllable where the
error occurs, such as CV, CVC, or CCV.

– Type of error: a detail analyses of the different kind
of dyslexic errors is given in (Rello and Baeza-Yates,
2012b).

4We use ‘*’ to denote this word in the examples given.
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Visual Feature Values Letter(s)
Mirror (digital) V = vertical, H = horizontal, B = both, N = none H = <n, u>, B = <b, d, p, q>
Mirror (handwriting) V = vertical, H = horizontal, B = both, N = none Y = <g, h, m, n, u, v, w, y>, B = <b, d, p, q>
Box (digital) U = upper, L = lower, B = both, N = none U = <b, d, f, h, k, l, t>, L= <g, j, p, q, y>
Box (handwriting) U = upper, L = lower, B = both, N = none U = <b, d, h, k, l, t>, L= <g, j, p, q, y, z>, B= <f>
Line (digital) V = vertical, H = horizontal, B = both, N = none H = <a, e, f, s>, V = <m, w>, B = <k>
Line (handwriting) V = vertical, H = horizontal, B = both, N = none H = <k, z>, V = <m, w>
Rotation (digital) Y = yes, N = no Y = <a, e, d, b, p, q, n, u>
Rotation (handwriting) Y = yes, N = no Y = <a, b, d, e, h, m, n, p, q, u, w, y>
Fuzzy (digital) Y = yes, N = no Y = <b, c, d, f, g, i, j, l, n, ñ, o, p, q, t, u, v>
Fuzzy (handwriting) Y = yes, N = no Y = <b, d, g, h, m, n, ñ, p, q, s, r, u, v, w, y, z>

Table 1: Visual features of the annotated target and error letters.

S Substitution: change one letter for another, for
example *reelly (really).

I Insertion: insert one letter, like in *situartion
(situation). A word that has been split in two dif-
ferent tokens is counted as an insertion, like in
*sub marine (submarine).

D Deletion: omit one letter, as in *approch (ap-
proach). Run-on word boundary errors, like in
*alot (a lot), are counted as one deletion.5

T Transposition: reversing the order of two adja-
cent letters, for example *artcile (article).

– Real word: this Boolean attribute records if the error
produced another real word. For instance, witch being
which the intended word.

– Visual information: each of the target and the error
graphemes we annotate the letters involved in the er-
ror with the following visual information, considering
both, handwritten text and digital typography (sans
serif). See Table 5.

– Mirror letter (handwriting/digital) such as
<d> and <b> or <m> and <w>, with three
possible values: vertical, horizontal, and none.6

– Box (handwriting/digital): lower box (e.g. <p,
q>, or <g>), upper box (e.g. <t>, or <b>),
both (e.g. <f>), and none (e.g. <n, m>, or
<s>).

– Line (handwriting/digital): vertical (e.g.
<m>), horizontal (e.g. <e>), and none (e.g.
<o>).

– Rotation (handwriting/digital): boolean at-
tribute that indicates if the rotation of a letter pro-
duces another letter, such as <d> and <p>.

– Fuzzy letters (handwriting/digital): boolean at-
tribute that indicates if the letter have similar vi-
sual letters (not due to rotate or mirror) such as,
such as <s> and <z>.

5Notice that a deletion in the target word is an insertion in the
misspelled word and vice versa.

6Allophones are marked with ‘[]’ and graphemes with ‘<>’.

– Phonetic information: each of the target and the error
phones associated to the graphemes in the text are an-
notated using traditional articulatory phonetic features
(International Phonetic Association, 1999):

– Phone type: vowel (e.g. [a]) or consonant (e.g.
[p]); combinations of vowels forming a diph-
thong (e.g. [i

“
a]) and consonant clusters in syl-

labic onsets (e.g. [pl]) have also been annotated
as specific phone types.

– For consonants:
∗ Voicing: voiced (e.g. [b]) or voiceless (e.g.

[p]).
∗ Manner of articulation: plosive (e.g. [p]),

nasal (e.g. [m]), trill (e.g. [r]), tap or flap (e.g.
[R]), fricative (e.g. [f]), lateral (e.g. [l]), ap-
proximant (e.g. [B

fl
]), and affricate (e.g. [tS]).

∗ Place of articulation: bilabial (e.g. [p]),
labiodental (e.g. [f]), interdental (e.g. [Tff),
dental (e.g. d”]), alveolar (e.g. [s]), palatal
(e.g. [tS]), and velar (e.g. [k]).

– For vowels:
∗ Height: open (e.g. [a]), mid (e.g. [e]), and

close (e.g. [i]).
∗ Place of articulation: front (e.g. [i]), central

(e.g. [a]), and back (e.g. [u]).
∗ Lip rounding: rounded (e.g. [u]) or un-

rounded (e.g. [i]).

– Language transfer: some of the errors in the list were
due to transference from Catalan to Spanish.7 Hence
we tagged the error caused by transference from Cata-
lan. For instance, *accessiblidad (accesiblilidad) may
be due to the existence of the word accessibilitat in
Catalan.

6. DysList Characteristics
Frequency: The target word web frequency ranged from
190, arbolazo, (‘big tree’), to 1,389,717,667 en (‘in’). The
errors words frequency ranged from 0, aczecibilidad (acce-
sibilidad, ‘accessibility’), to 1,178,165,310 in the real word
error *ha (a, ‘to’). On average correct words were 4.63
more frequent than words with errors.

7Most of the texts come from Catalan schools where the rate
of bilingual students (Catalan-Spanish) is high.

1291



Length
Errors
Rel.
Errors

1  2  3  4  5  6  7  8  9 10 11 12 13 14 15

70

60

50

40

30

20

10

0

Figure 2: Percentage distribution of DysList word lengths,
error positions and relative percentage of errors in the posi-
tion.

Syllable Type Percentage No. Syllables Percentage
CV 37.40 3 33.30

CVC 21.35 2 26.30
none 13.15 4 17.68
CCV 8.20 1 11.87
CVV 7.77 5 7.51

CVVC 6.06 6 3.25
VC 3.67 7 0.09

CCVC 1.54
V 0.60

VV 0.09
CCVV 0.09

CCVCC 0.09

Table 2: Distribution of syllable types and errors. None
refers to the boundary errors such as *a drede (adrede), ‘in
purpose’.

Length and error position: The length of the target
words range from 1 to 20, with the mode at length 6 and
an average length of 7.47 letters. Figure 2 gives the per-
centage distribution of target word lengths, the percentage
distribution of the word positions where the errors appear,
and the relative percentage of errors in the position (that is,
100 times the number of errors in that position divided by
the total number of words that have that position).

Syllables: The target words range from one to seven and
we observed eleven types of syllables with the distributions
shown in Table 2.

Damerau-Levenshtein distance In most cases the dis-
tance is just 1 (73.3%), with 21.6% of the cases at distance
2 and only 5.1% at distance 3 or greater.

Type of error: In Table 3 we give the percentages of ev-
ery error type. As we can notice, substitution errors are
the most frequent ones (near 60%) while (Bustamante and
Dı́az, 2006) states that simple omissions (deletions) are the
most frequent kind for Spanish. Even if dyslexia is pop-
ularly known for the transposition errors, less than 1% of
the errors where of this type. This is consistent with (Meng
et al., 2005) which states that only 30% of dyslexics have

trouble with reversing letters and numbers.
In our analysis we consider some special phonetic errors
coming from double letters that have a single sound in
Spanish (such as <ll> and <rr>). We found 229 differ-
ent errors (without considering the phonetics there are only
186 different errors). The most frequent errors (down to
2%) are shown in Table 4. These nine errors represent more
than 40% of all errors found, showing the extreme bias of
them (i.e. less than 4% of the unique errors cover more than
40% of the cases). The most frequent case produces more
than 11% of the errors and involve two letters that in Span-
ish have the same pronunciation, <b> and <v> (which is
not the case in English). Analyzing this and other frequent
cases, we found three big groups of errors:

1. Inserting or deleting a consonant represent 37.9% of
the errors, excluding <h> and <y>, which are in-
cluded in the next cases.

2. Deleting or inserting a vowel, including <y> that can
have the same phonetic values as <i> in certain con-
texts, represent 37.5% of the errors.

3. Substituting two letters of similar sound (e.g. <g>
and <j>) or deleting/inserting an <h>, a letter that
in Spanish most of the time has no sound, represent
15.4% of the errors.

Notice that these three groups of errors cover more than
80% of the errors.
We also studied the position of the errors without finding
any important preference, although most errors occur in-
side the target word. The four most frequent cases were
inserting an <h> at the beginning of the word (3.7%), sub-
stituting<b> by<v> at the first (2.8%) or third (2.1%) po-
sitions, and inserting an<e> in the second position (2.8%).
Finally, only 8.97% of the errors were real word errors.

Visual Analysis: To access the analyses of the visual
features we used Chi-Square goodness of fit to establish

Error Type Percentage
Substitution 58.84
Insertion 13.40
Deletion 26.30
Transposition 1.45

Table 3: Percentages of dyslexic error types.

Error Type Letter(s) Percentage
S <b, v> 11.36
D space 6.75
S <g, j> 5.46
D <h> 4.53
I space 3.07
S <c, z> 2.82
S <c, s> 2.22
D <r> 2.22
I <r> 2.13

Table 4: Percentages of frequent specific errors.
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Visual Feature Correct Letters (%) Error Letters (%)
Mirror (digital) none = 26.81, N = 57.90, H = 3.93, B = 11.36 none = 33.39, N = 54.74, H = 4.01, B = 7.86
Mirror (hand) none = 26.81, N = 47.65, H = 14.18, B = 11.36 none = 33.39, N = 39.28, H = 19.47, B = 7.86
Box (digital) none = 26.81, U = 19.04, N = 43.81, L = 10.33, none = 33.39, U = 11.44, N = 44.41, L = 10.76
Box (hand) none = 26.81, U = 18.53, N = 42.70, L = 11.44, B = 0.51 none = 33.39, U = 11.44, N = 41.33, L = 13.83
Line (digital) none = 33.39, V = 0.85, N = 58.67, H = 13.66 none = 26.81, V = 1.11, N = 54.48, H = 11.02
Line (hand) none = 26.81, V = 0.85, N = 71.22, H = 1.11 none = 33.39, V = 1.11, N = 62.43, H = 3.07
Rotation (dig.) none = 26.81, Y = 22.63, N = 50.56 none = 33.39, Y = 18.19, N = 48.42
Rotation (hand) none = 26.81, Y = 30.57, N = 42.61 none = 33.39, Y = 20.58, N = 46.03
Fuzzy (digital) none = 26.81, Y = 44.41, N = 28.78 none = 33.39, Y = 43.47, N = 23.14
Fuzzy (hand) none = 26.81, Y = 44.66, N = 28.52 none = 33.39, Y = 41.59, N = 25.02

Table 5: Visual features of the annotated target and error letters.

whether or not an observed frequency distribution (in the
error letters) differs from a theoretical distribution (the
one of the correct letters). The percentage of error let-
ters differ from the correct letters by digital visual fea-
tures (χ2(9) = 97.67, p < 0.001) as well as handwrit-
ing visual features (χ2(9) = 377.59, p < 0.001). The
percentage of correct fuzzy letters differ from the percent-
age of error fuzzy letters taking into account both, digital
(χ2(4) = 76.36, p < 0.001) and handwriting typographies
(χ2(4) = 41.10, p < 0.001). The percentage of error let-
ters differ from the correct letters by box visual features
(χ2(9) = 324.56, p < 0.001) as well as handwriting visual
features (χ2(12) = 244.13, p < 0.001). The percentage
of error letters differ from the correct letters by line visual
features (χ2(9) = 73.29, p < 0.001) as well as handwriting
visual features (χ2(9) = 34.21, p < 0.001). The percent-
age of error letters differ from the correct letters by rota-
tion visual features (χ2(4) = 23.13, p < 0.001) as well as
handwriting visual features (χ2(4) = 32.59, p < 0.001).

Phonetic Analysis: Vowel substitutions account for
5.38% (N = 63) of the total number of errors in the corpus.
After the transcription of the vowel graphemes according to
their phonetic realization in Spanish, the percentage of sub-
stitutions errors concerning single vowels has been com-
puted, as shown in Table 6.

Error Total
a e i i

“
o u u

“
(%)

Target
a 0 20.63 3.17 0 9.52 0 0 33.33
e 15.87 0 4.76 1.59 6.35 0 0 28.57
i 0 7.94 6.35 0 0 0 0 14.29
i
“

0 0 0 6.35 0 0 0 6.35
o 3.17 4.76 0 0 0 1.59 1.59 11.11
u 0 0 1.59 0 3.17 0 0 4.76
u
“

0 0 0 1.59 0 0 0 1.59
Total (%) 19.05 33.33 15.87 9.52 19.05 1.59 1.59

Table 6: Percentage of vowel substitutions.

The analysis of the phonetic features associated to each
vowel shows that the most frequent substitution errors in-
volve target unrounded vowels ([i], [e], [a]) when lip round-
ing is considered, target mid vowels ([e], [o]) in errors re-
lated to vowel height, and target front vowels ([i], [e]) when
place of articulation is studied.

In terms of shared features, the most frequent types of sub-
stitution errors involve one phonetic feature, lip rounding
being the most frequent one. It is interesting to note that
only 15.87% (N = 10) of the vowel substitution errors cor-
respond to phones that do not have any feature in common.
Errors occur most frequently in unrounded vowels ([i], [e],
[a]) as far as lip rounding is concerned, mid vowels ([e],
[o]) if the degree of opening is considered and front vowels
([i], [e]) when place of articulation is taken into account.
This confirms the findings in (Rello and Llisterri, 2012) in
a smaller sample.
The pattern arising from the study of the phonetic features
involved in substitution errors is consistent with the most
frequent substitutions found in the corpus (Table 6):

[a] ([unrounded])→ [e] ([unrounded] [mid] [front])

[e] ([unrounded] [mid] [front])→ [a] ([unrounded])

[i] ([unrounded] [front]) → [e] ([unrounded] [mid]
[front])

[o] ([mid])→ [e] ([unrounded] [mid] [front])

Substitutions in vowel combinations forming a diphthong
account for the 0.94% (N = 11) of the errors found in the
corpus. The most frequent errors in this category –2 cases
of each in the corpus– are found in the substitution of [i

“
a]

by [ea] and of [i
“
o] by [eo]. The highest proportion of errors

is observed in target [i
“
a] and [o

“
e] combinations. In terms

of the result of the substitutions, [ea] and [eo] are the two
most frequent errors. Given the small size of the sample,
no further analysis have been performed, but the trend is
coherent with the prevalence of substitutions involving [e]
and [a] described for vowels.
Substitution errors in single consonants correspond to the
46.37% (N = 543) of the total number of errors in the cor-
pus. They represent, then, the largest category of errors
present in DysList and are summarized in Table 7.
It can be observed that the most frequent errors in conso-
nants are related to the cases in which a one-to-one cor-
respondence between graphemes and phones is not main-
tained. This results in two different graphemes having the
same phonetic value:

<b> and <v>: both realized as a bilabial plosive [b]
or a bilabial approximant [B

fl
] according to the phonetic

context.
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Error Total
b B

fl
d Dfl f g G

fl
j ñ k ks l ń m n p R rr s t T x (%)

Target
b 7.73 0 0.37 0 0 0 0 0 0 0 0 0 0 0.18 0 0.18 0 0 0 0 0 0 8.47
B
fl

0.18 16.57 0 0.74 0 0 0 0 0 0 0 0.37 0 0 0.18 0 0.18 0 0 0 0 0 18.23
d 0.37 0 0 0 0 0.18 0 0 0 0 0 0 0 0 0 0 0 0 0 0.18 0 0 0.74
Dfl 0 0.74 0 0 0 0 0 0 0 0.18 0 0 0 0 0 0 0.74 0 0 0.37 0 0 2.03
f 0 0 0 0 0 0 0 0 0 0 0 0 0 0.18 0 0 0 0 0 0 0.92 0 1.10
g 0 0 0 0 0 0 0 0 0 0.55 0 0 0 0 0 0 0 0 0 0.18 0 0.37 1.10
G
fl

0 0.55 0 0 0 0 0.37 0 0 0.18 0 0.18 0 0 0.18 0 0 0 0 0 0 0.55 2.03
j 0 0 0 0 0 0 0.18 0.92 0 0 0 0 2.03 0 0 0 0 0 0 0 0 0 3.13
ñ 0 0 0 0 0 0 0.37 0.18 2.58 0 0 0 0.18 0 0.37 0 0 0 0 0 0 0.18 3.87
J 0 0 0 0 0 0 0 0 0 0 0 0 0.55 0 0 0 0 0 0 0 0 0.37 0.92
k 0 0 0 0 0 0.18 0.18 0 0 3.13 0 0 0 0 0 0.55 0.18 0 0.18 0.18 2.39 0.18 7.18
l 0 0.18 0 0 0 0 0 0 0 0 0 0 0 0 0.18 0.18 0.37 0 0.18 0.37 0 0 1.47
ń 0 0 0 0 0 0 0 0.37 0 0 0 0 0 0 0 0 0.18 0 0 0 0 0 0.55
m 0 0 0 0 0 0 0 0 0 0 0 0 0 1.66 0.37 0 0.18 0 0 0 0 0 2.21
n 0 0 0 0 0 0 0 0 0 0 0 0 0 1.10 0 0 1.10 0 0.55 0 0 0 2.76
N
fl

0 0 0 0 0 0 0 0 0 0 0 0 0 0.18 0 0 0 0 0 0 0 0 0.18
p 0.18 0 0 0 0 0 0 0 0 0.18 0 0.18 0 0 0 0 0.18 0 0 0 0 0 0.74
R 0 0.37 0 0 0 0 0 0 0 0 0 0.37 0 0 0.37 0.37 0 0.74 0.55 0.18 0 0 2.95
r 0 0 0 0 0 0 0 0 0 0 0 0 0.37 0 0 0 1.66 1.10 0 0.18 0.18 0 3.50
s 0 0 0 0 0 0 0 0 0 0.74 0 0.37 0 0 0.37 0 0.37 0.18 1.47 0 4.42 0.37 8.29
t 0.18 0 0.18 0.18 0 0.18 0 0 0 0 0 0.37 0 0 0 0 0 0 0 0 0 0 1.10
T 0 0 0.37 0.55 0.37 0 0.18 0 0 1.29 0 0 0 0 0 0.18 0.55 0.18 3.31 0.18 4.60 0.37 12.15
tS 0 0 0 0.18 0 0.18 0.18 0 0 0 0 0 0 0 0 0 0 0 0 0 0.18 0.18 0.92
x 0 0 0 0 0 1.84 3.50 0 0 0.18 0.18 0 0 0 0 0 0.18 0 0.18 0 0.37 7.92 14.36
Total (%) 8.66 18.42 0.92 1.66 0.37 2.58 4.97 1.47 2.58 6.45 0.18 1.84 3.13 3.31 2.03 1.47 5.89 2.21 6.45 1.84 13.08 10.50

Table 7: Percentage of consonant substitutions.

<j> followed by <a>, <o> or <u> and <g> fol-
lowed by <e>, <i>: both realized as a velar fricative
[x].

<z> followed by <a>, <o> or <u> and <c> fol-
lowed by <e> or <i>: both realized as an interdental
fricative [T].

<c> followed by <a>, <o> or <u> and <qu> fol-
lowed by <i> or <e>: both are realized as a velar
plosive [k].

<r> in word-initial position and after nasals or lateral
consonants or <s> and <rr> between vowels: both
are realized as an alveolar trill [r].

This is the reason of the high percentage of errors in target
consonants [B

fl
] (18.23%), <x> (14.36%), <T> (12.15%)

and [k] (7.18%) and also in the consonants resulting from a
substitution error: [B

fl
] (18.42%), [T] (13.08%) [x] (10.50%)

and [k] (6.45%) (Table 7). The lack of biunivocal corre-
spondence between phones and graphemes is also patent
in the most frequent confusions in manner of articula-
tion within the class of fricative consonants (24.68%) –to
which [x] and [T] belong–, within the group of approximant
consonants (20.07%) –[B

fl
]– and within plosive consonants

(14.55%) –[k]–. Taps and trills are also involved as tar-
get phones or as errors, although to a lesser extent. The
same trend is observed when place of articulation is con-
sidered: the largest number of confusions occur within the
class of bilabials (26.70%) –which includes [B

fl
]– and inside

the group of velars (19.15%) –which includes [x] and [k].
The interdental consonant [T] appears as the result of sub-

stitution errors in 13.08% of cases and as target phones in
confusions in 11.97% of cases.
Confusions between [s] and [T] (4.42%) and between [T]
and [s] (3.31%) observed in Table 7might be in part ex-
plained by the geolectal phenomenon known as seseo,
which consists in the systematic substitution of [T] (inter-
dental fricative) by [s] (alveolar fricative) so that [T] is ab-
sent from the phonetic inventory of the speakers of the geo-
graphic areas in which this phenomenon occurs. The anal-
ysis of features of manner and place also point out in this
direction if the confusions in the class of fricatives and in
alveolar and interdental consonants are considered.
The presence of a 3.13% of cases in which [ń] appears as
the result of a confusion error and the confusions between
[j] and [ń] (2.03%) shown in Table 7 might be partially ac-
counted for by the presence of yeı́smo, i.e., a neutralization
of the contrast between [j] (palatal approximant) and [ń]
(palatal lateral) in favor of [j] which is common in most
geographical varieties of Spanish. When substitutions in
manner of articulation are considered, 2.58% of cases of
confusions between laterals and approximants are found;
part of the substitutions within the class of palatals (6.63%)
may be also accounted for by the presence of yeı́smo.
The 2.58% of confusions in [ñ] (palatal nasal) that appear
in Table 7 may be explained by the decision taken for the
phonetic transcription of the corpus concerning a potential
transfer from Catalan spelling rules. Since [ñ] is spelled as
<ñ> in Spanish and as<ny> in Catalan, it was considered
that both <ñ> and <ny> were intended to represent the
palatal nasal consonant.
Almost half of the substitutions found in consonants
occur between phones that share their three features
(48.43%), while confusions between consonants sharing
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one (19.52%) or two (26.15%) features are less commonly
encountered. It is worth noting that confusions between
consonants that do no have any phonetic feature in com-
mon take place in 5.52% of cases.
Finally, half of the consonant confusions in the corpus af-
fect simultaneously voicing, manner and place features, a
fact to be explained by the spelling irregularities mentioned
earlier. When two features are involved in confusions, man-
ner and place are simultaneously affected in 16.99% of
cases and voicing and place in 9.77% of cases. If the con-
fusion involves only one feature, it can be either place of
articulation (9.96%) or voicing (9.57%).
In summary, the analysis of consonant substitutions reveals
that the spelling mistakes in cases of lack of one-to-one cor-
respondence between phones and graphemes are an impor-
tant source of confusions within the same class of conso-
nants and are phonetically motivated.
Substitutions affecting combinations of consonants repre-
sent a 0.60% (N = 7) of the total number of errors in the
corpus. More than half of the errors within this category
–4 cases– correspond to the target sound [ks], spelled as
<x> in Spanish. The rest of the errors are found in hetero-
syllabic clusters formed by a plosive (or their approximant
realizations) plus a liquid (i.e., a lateral or a rhotic conso-
nant). No further phonetic analysis has been carried out due
to the small size of the sample.

7. Conclusions and Future Work
Our Spanish list of dyslexic errors is still small but large
enough to find some insights about dyslexic errors and
to settle the annotation criteria. In fact, we believe that
this collection is valuable if it allows the creation of more
tools targeted to people with dyslexia. With respect to
Pedler’s confusion sets mentioned in Section 3, we be-
lieve our resource is of similar size and possibly more di-
verse as it includes a larger sample of the population. In
future work we plan to enlarge our collection with more
texts written by people with dyslexia and also using the
Web as corpus. DysList resource is freely available in
www.luzrello.com/dyslist.html
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tipo disléxico (Qualitative analysis of an instrument
to detect dyslexic errors, IDETID-LEA). Psicothema,
12(2):35–38.

Speech Therapy Association of Catalonia. (2011).
PRODISCAT: Protocol de detecció i actuació en la
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