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ABSTRACT

Most orthographies contain both accented and non-accented vowels. But
are they processed as variants of the same letter unit or as separate abstract
units? Recent research in French has revealed that accented vowels seem to
be processed as separate units. Here we examined whether this phenom-
enon is universal or language-specific. We chose Spanish because, unlike
French, accented and non-accented vowels only convey stress information.
We conducted a masked priming alphabetic decision experiment and a
masked priming lexical decision experiment, each with three priming con-
ditions (identity, visually similar, visually dissimilar). Results showed an
advantage of the visually similar over the visually dissimilar condition.
Furthermore, for non-accented primes, the visually similar condition was
as effective as the identity condition. Thus, these findings suggest that: 1)
accented and non-accented vowels share their abstract letter representa-
tions in Spanish; and 2) the nature of orthographic representations is
molded by the characteristics of each language.

Letters are the key ingredients of visual word identification in alphabetic languages (see Paap, Newsome,
McDonald, & Schvaneveldt, 1982, for early evidence; see Grainger, 2018, for review). In the course of
letter/word identification in Latin-based orthographies, most theorists assume that the visual input is
mapped onto a case-specific (allograph) level of representation (e.g., a = a # A) and subsequently onto a
case-invariant (abstract) level of representations (e.g., a = a = A) that would, in turn, drive word
identification (see Grainger, Rey, & Dufau, 2008; Schubert & McCloskey, 2013). Currently, researchers
have at their disposal a large number of letter-based computational models that allow them to obtain
quantitative predictions of word identification times (e.g., LETRS model: Adelman, 2011; DRC model:
Coltheart, Rastle, Perry, Langdon, & Ziegler, 2001; spatial coding model: Davis, 2010; multiple read-out
model: Grainger & Jacobs, 1996; interactive activation model: McClelland & Rumelhart, 1981). A
limitation of the above-cited models, however, is that the letter level is exclusively based on the
English orthography. Unlike the vast majority of languages written with the Roman alphabet (e.g.,
German, Spanish, Czech, Finnish, to cite instances from different language families), English does not
contain any accented vowels. This raises the fundamental question of how accented and non-accented
vowels are represented in the letter/word recognition system. What is the letter é? Is it just a variant of e
or is it a separate abstract unit by itself? (see Hofstadter, 1985).

Recent research with Forster and Davis’ (1984) masked priming technique has shown that
accented vowels may not be mere variants of their non-accented counterparts. In two masked
priming experiments using an alphabetic decision task (“is the stimulus a letter?”; see Jacobs &
Grainger, 1991) with non-accented target vowels, Chetail and Boursain (2019) found that the
responses in the identity condition were faster than in a visually similar condition consisting of its
accented counterpart, whereas there were no differences between the visually similar condition and a
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visually dissimilar condition consisting of a consonant (i.e., a-A < d-A = z-A)'. Furthermore, they
found the same pattern in a masked priming lexical decision experiment with non-accented word
targets (taper-TAPER < tdper-TAPER = tuper-TAPER). Chetail and Boursain (2019) concluded that
accented and non-accented vowels activate different letter representations in French. To justify the
“full status of letters” for accented vowels, they argued that not only accented vowels provide
unambiguous phonemic information in French (e.g., é—/e/, é—/¢/), but that they help discriminate
between otherwise homonym words (e.g., tache [stain] vs. tdche [task]).

The main goal of the current masked priming experiments was to examine whether the
separate letter representations for accented and non-accented vowels is a language-specific or
universal phenomenon. Here we focused on Spanish. Unlike French, accented vowels in Spanish
only signal the stressed syllable without altering phonemic information (e.g., plétano—/’pla.ta.
no/[banana]) and the use of accent marks to distinguish otherwise homonyms is restricted to a
small set of short function words (e.g., é/ [he] vs. el [the]). Indeed, Chetail and Boursain (2019)
claimed: “there is no reason that visual inputs such as a and 4 in Spanish words (e.g., pdjaro or
bailar) would activate separate letter representations (...) since in this case the diacritics are not
relevant for letter perception” (p. 2). A similar prediction comes from the learning model of
letter identification proposed by Hannagan and Grainger (2013), according to which visual
features impact on letter identification to the extent that they provide relevant information for
identifying a letter. If so, one would predict that both e and ¢ would activate the same abstract
representations in Spanish. Alternatively, if accented vowels constitute separate abstract repre-
sentations from their non-accented counterparts regardless of their phonemic information or
their discriminating role among lexical items, one would expect to obtain the same pattern of
findings as Chetail and Boursain (2019).

The second goal of the present experiments was to examine not only whether non-accented
vowels are more effective at activating their counterparts than accented vowels - note that
Chetail and Boursain (2019) only examined prime stimuli with accented vowels. There are
reasons to believe that accented vowels might be less effective as primes than non-accented
vowels. Leaving aside that accented vowels are less frequent than non-accented vowels (see New
& Grainger, 2011, for a letter-frequency effect in letter identification), accented vowels are more
complex visually than non-accented vowels (the accent mark in é is not present in e)>.
Furthermore, as a reviewer suggested, the accent mark in a prime stimulus (e.g., é, tdper)
represents a visually salient feature and this could potentially limit its impact on the target
stimulus as a function of whether or not this salient feature is also present in the target.

In sum, we designed a masked priming alphabetic decision experiment and a masked priming
lexical decision experiment to examine whether accented and non-accented vowels in Spanish
activate the same representations during the initial moments of processing. We employed three
priming conditions with non-accented targets (identity [a-A; feliz-FELIZ] {happy in English} vs.
visually similar [d-A; féliz-FELIZ] vs. visually dissimilar [1-A; fdliz-FELIZ]) and accented targets
(identity [d-A; fdcil-FACIL] {easy in English} vs. visually similar [a-A; facil-FACIL] vs. visually
dissimilar [u-A; feliz-FELIZ]). We made two modifications with respect to the Chetail and
Boursain (2019) experiments. First, the visually dissimilar letter in Experiment 1 was a vowel
instead of a consonant (i.e., #-A and not z-A) - note that consonants and vowels may be
processed differently (New, Aratjo, & Nazzi, 2008). Second, the visually similar and visually
dissimilar conditions in Experiment 2 were matched in the presence/absence of an accent mark
(e.g., the control for féliz-FELIZ was fdliz-FELIZ, not faliz-FALIZ).

The predictions are fairly straightforward. If accented and non-accented vowels activate
separate abstract representations in Spanish, one would expect an advantage of the identity
condition over the visually similar condition and no differences between the visually similar and
the visually dissimilar conditions. This outcome would reveal that accented and non-accented
vowels would activate separate letter representations even in orthographies where accent marks
do not carry phonemic information. Alternatively, if base letters and their accented counterparts
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are variants of the same abstract representations in Spanish, one would expect similar responses
in the identity and visually similar conditions, together with an advantage of the visually similar
over the visually dissimilar condition. This pattern would suggest that the nature of the abstract
representations of accented and non-accented vowels is shaped by the peculiarities of each
language (see Hannagan & Grainger, 2013, for a model of letter learning). Finally, as discussed
above, these patterns of effects might be modulated by whether the prime stimuli contain an
accent mark or not.

Experiment 1 (alphabetic decision task)
Method

Participants

Forty-eight university students, all of them native speakers of Spanish, took part voluntarily in
the experiment. This sample size allowed us to have 3840 observations in each priming condi-
tion, which is above the guidelines given by Brysbaert and Stevens (2018). The two experiments
reported in this paper were approved by the Experimental Research Ethics Committee of the
Universitat de Valéncia and they were in accordance with the Declaration of Helsinki. All
participants signed a consent form before the experiment.

Materials

The target letters were the five Spanish vowels in uppercase, both accented (4, E, I, O, U) and non-
accented (A, E, I, O, U). For each target letter, we created three lowercase primes: 1) identical to the
target (identity condition; e.g., a-A or d-A); 2) identical to the target except for the addition/removal
of the accent mark while keeping the same base letter (visually similar condition; e.g. d-A or a-A);
and 3) a different vowel with/without an accent mark in consonance with the visually similar prime
(visually dissimilar condition; #i-A or u-A). For the purposes of the alphabetical decision task, we also
selected five artificial letters in uppercase taken from the BACS (Vidal, Content, & Chetail, 2017). To
add an accent mark to the non-artificial letters, we used TypeLight 3.2 software (https://www.
cr8software.net/typelight.html). Each non-letter target was preceded by a non-accented or an
accented vowel in the same manner as the letter targets (see Table 1). We created a list composed

Table 1. Depiction of the prime-target pairs in Experiment 1.

Type of stimulus

Letter Non-Letter
Targets Type of prime Targets Type of prime
Identity Visually Similar Visually Dissimilar Identity Visually Similar Visually Dissimilar
A a a ua o} a a a
E [ (S | S e é i
I i 5 6 q i i 1)
(0] o 6] a o) o ) a
U u a é U u a &
A a a u [} a a u
E é e il ) é e i
I fi ad o i i i o
o) 6 o a 1) 6 o a
U a u e U a u e
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of 480 experimental trials (240 letters [80 in each priming condition]) and 240 non-letters. Sixteen
practice trials preceded the experimental trials.

Procedure

The experiment was conducted in a quiet room with four computers running DMDX software
(Forster & Forster, 2003). Participants were instructed to decide, as quickly and accurately as
possible, whether the stimulus that appeared in the computer screen was a letter or not. On each
trial, a pattern mask (###) appeared for 500 ms in the centre of the computer screen. The mask was
then replaced by a lowercase prime letter, which remained on the CRT screen for 50 ms. Then, the
prime was immediately replaced by the target stimulus, which remained on screen until the
participant pressed the “green” (yes) or the “red” (no) buttons. If there was no response within
the 2-sec deadline, the trial was automatically categorized as an error. Both primes and targets were
presented in 40-pt Courier New font in black on a white background. The session took 15-18 min.

Results

Error responses (4.2%) and response times shorter than 200 ms (less than 0.1%) were omitted
from the analyses of the latency data. The mean response times and accuracy in each experi-
mental condition are shown in Table 3. To perform the inferential analyses on the letter targets,
we employed linear mixed effects (LME) models (Bates, Maechler, Bolker, & Walker, 2015) in R
(R Development Core Team, 2019) with Type of target (Accented, Non-accented) and Prime-
target relationship (Identity, Visually Similar, Visually Dissimilar) as fixed factors. Type of target
was encoded centred in zero. Prime-target relationship was encoded to test the two research
questions: 1) identity vs. visually similar (i.e., “are visually similar primes as effective as identity
primes?”); and 2) visually similar vs. visually dissimilar (i.e., “are visually similar primes more
effective than visually dissimilar primes?”). An inverse transformation (-1000/RT) was applied to
the latency data to reduce the positive skew of response time (RT) distributions. The p values
were obtained from the lmerTest package (Kuznetsova, Brockhoff, & Christensen, 2017). The
most complex model that converged in terms of random effect structure was: LME_RTs = lmer
(-1000/RT~typetarget*prime+(prime+1|item) +(prime+1|subject),data = letterRTs). The analyses
on the accuracy data were analogous to those in the latency data, except that we used generalized
linear effect models because of the binomial nature of the dependent variable (1 = correct,
0 = incorrect).

The analyses of the latency data showed no overall differences between accented and non-
accented vowels, t < 1, p > .63. More important, we found faster response times to target letters
when preceded by an identity prime than when preceded by a visually similar prime,
b = - 0.0258, SE = 0.0099, t = — 2.604, p = .011. This interacted with type of target,
b = 0.0559, SE = 0.0197, t = 2.834, p = .006, reflecting that the advantage of the identity
condition occurred for non-accented targets (10 ms; a-A < d-A), but not for accented-targets
(-2 ms; 4-A = a-A). Furthermore, target letters were responded to faster when preceded by a
visually similar prime than when preceded by a visually different prime, b = 0.0752, SE = 0.0174,

Table 2. Mean response times (ms) and accuracy (proportion) for accented and non-accented letters in each condition in
experiment 1.

Prime Type Accented letter Non-accented letter
Identity 459 (0.955) 443 (0.968)
Visually Similar 457 (0.966) 453 (0.968)
Visually Dissimilar 472 (0.941) 464 (0.951)

For the non-letter targets, the mean response time and accuracy (in parenthesis) were 491 ms (0.963) and 487 ms (0.958) for the
non-accented and accented targets, respectively.
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Figure 1. Vincentile plots with the different prime-target conditions for accented targets (left panel) and non-accented targets
(right panel) in Experiment 1. The bars reflect the Standard Errors.

t = 4.311, p = .001. This effect did not differ for accented and non-accented targets (interaction:
t<1,p> .4l ie, a-A < a-A and d-A < 4-A).

The analyses of the accuracy data only showed that participants were more accurate on the target
letters when preceded by a visually similar prime than when preceded by a visually dissimilar prime
(b=-0.5176, SE = 0.1143, z = — 4.530, p < .001). None of the other effects approached significance
(ps > .20).

To corroborate the findings from the latency data using untransformed data, we averaged the
deciles for each participant and condition, thus obtaining a vincentile plot. As usual, the effects of
prime-target relationship (see Figure 1) reflected a shift in the RT distributions (see Gomez, Perea, &
Ratclift, 2013, for modeling evidence). Thus, the vincentile plots mimicked the same pattern as the
inverse-transformed latency analyses.

Experiment 2 (lexical decision task)
Participants

Thirty-six students from the same population as in Experiment 1 participated. The number of
observations per priming condition was 2160. All participants signed a consent form before the
experiment.

Materials

We selected 180 Spanish words from the EsPal database (Duchon, Perea, Sebastidan-Gallés, Marti,
& Carreiras, 2013), half of which contained an accented vowel (e.g., FACIL) and the other half
did not contain an accented vowel (e.g., FELIZ). The sets of accented and non-accented words

Table 3. Mean response times (ms) and accuracy (proportion) for accented and non-accented words in each condition in
experiment 2.

Prime Type Accented Word Non-accented Word
Identity 601 (0.965) 610 (0.971)
Visually Similar 597 (0.970) 627 (0.965)
Visually Dissimilar 627 (0.962) 630 (0.932)

For the pseudoword targets, the mean response time and accuracy (in parenthesis) were 739 ms (0.927) and 733 ms (0.928) for the
non-accented and accented targets, respectively.
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were matched in Zipf frequency (4.3 vs. 4.3), number of letters (5.6 v. 5.6), and orthographic
similarity (OLD20) to other words (1.9 vs. 1.7). Each uppercase target word was preceded by a
lowercase prime that could be: 1) the same as the target word (identity condition: fdcil-FACIL;
feliz-FELIZ); 2) the same as the target word except for the addition/deletion of an accented mark
in a vowel, creating a pseudoword (visually similar condition: facil-FACIL; féliz-FELIZ); or 3) the
same except that the critical vowel was replaced with another vowel, creating a pseudoword
(visually dissimilar condition: fecil-FACIL; fdliz-FELIZ). Visually similar and visually dissimilar
primes were matched in mean token frequency (141.1 vs. 134.6 per million, p > .56). To act as
foils, we created 180 pseudowords with Wuggy (Keuleers & Brysbaert, 2010), half of them with
an accented vowel. The prime-target manipulation was the same for word and pseudoword
targets. We prepared three lists to counterbalance the pairs across priming conditions (e.g., fdcil-
FACIL [list 1], facil-FACIL [list 2], and fecil-FACIL [list 3]). The pairs are presented in the
Appendix.

Procedure

It was parallel to Experiment 1, except that the task was lexical decision and the stimuli were
presented in 16-pt Courier New.

Results

Incorrect responses (3.9%) and RTs shorter than 250 ms (less than 0.1%) were removed from the
latency analyses. The mean RTs and accuracy in each condition are displayed in Table 2. As is
customary in masked priming experiments, we focused on the word targets. The statistical
analyses were equivalent to those in Experiment 1. The most complex model that converged
in terms of random effect structure in the RT analyses was: LME_RTs = Imer(-1000/
RT~typetarget*prime+(1 + 1|item)+(prime+1|subject), data = wordsRTs).

The analyses of the latency data showed that, on average, accented words were responded to
14 ms more rapidly than non-accented words, b = — 0.0819, SE = 0.0190, t = — 4.313, p < .001.
More important, word targets were responded to more rapidly when preceded by an identity
prime than when preceded by a visually similar prime, b = — 0.0538, SE = 0.0154, t = — 3.499,
p < .001. Importantly, this effect interacted with type of target, b = 0.0624, SE = 0.0207,
t = 3.016, p = .002, reflecting an advantage of the identity condition for non-accented targets
(17 ms, p < .001; feliz-FELIZ < féliz-FELIZ), but not for accented-targets (-3 ms; fdcil-
FACIL = facil-FACIL). In addition, word targets were responded to more rapidly when preceded
by a visually similar prime than when preceded by a visually different prime, b = 0.0290,
SE = 0.0154, t = 1.883, p = .0.06. This effect also interacted with type of target (b = 0.0616,
SE = 0.0201, t = 2.959, p = .003), reflecting that the advantage of the visually similar condition
was higher for accented targets (20 ms, p < .001; facil-FACIL < fecil-FACIL) than for accented-
targets (3 ms, p = .099; féliz-FELIZ = filiz-FELIZ).

None of the models of the accuracy data converged. As accented and non-accented targets
behaved differently in the latency data, we examined their effects separately. For accented targets,
accuracy was similar across conditions (both ts < 1.1, ps > .27). For non-accented targets,
accuracy was lower in the visually dissimilar than in the visually similar condition
(b = - 0.7074, SE = 0.2079, z = — 3.403, p < .001), whereas there were no differences between
the identity and visually similar conditions (t < 1, p > .38).

Finally, as in Experiment 1, we conducted RT distributional analyses (See Figure 2). Results
mimicked those of the LME analyses with one exception. For non-accented targets, the visually
similar condition produced faster response times than the visually dissimilar condition in the
leading edge of the RT distribution (around 10-15 ms in the .1 to .3 quantiles, ps < .02). This
difference disappeared in the higher quantiles.
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Figure 2. Vincentile plots with the different prime-target conditions for accented targets (left panel) and non-accented targets
(right panel) in Experiment 2.

General discussion

We conducted two masked priming experiments to examine whether accented and non-accented
vowels activate shared or separate representations. We did so in an orthography in which accented
vowels do not convey any phonemic information (Spanish). For accented targets, visually similar
primes were more effective than visually dissimilar primes (i.e., a-A < e-A; facil-FACIL < fecil-
FACIL) - this was reflected as a shift in the RT distributions. Furthermore visually similar primes
were as effective as identity primes (i.e., a-A = d-A; facil-FACIL = fdcil-FACIL), as deduced from the
LME analyses and the RT distributions. This pattern strongly suggests that, as anticipated by Chetail
and Boursain (2019), accented and non-accented vowels share the same abstract representations in
Spanish. Furthermore, given that visually similar primes (e.g. facil) in Experiment 2 do not share the
syllable stress with their target word (i.e., FACIL; compare/fa.’0il/and/‘fa.0il/), this finding suggests
that, in the absence of accent marks, syllable stress information is not encoded very early in word
processing. Keep in mind that Spanish orthography has a complex set of rules to decide when a
vowel should be accented or not”.

In addition, for non-accented targets, we found that visually similar primes containing an
accented vowel (e.g., d, féliz) were more effective than the visually dissimilar condition (i.e., d-
A < é-A; féliz-FELIZ < faliz-FELIZ [accuracy data and leading edge of the RT distribution]), but they
were not as effective as the identity primes (i.e., a-A < d-A; feliz-FELIZ < féliz-FELIZ). As indicated
earlier, a plausible explanation for this pattern is that accented vowels contain a salient visual feature
that could have limited their impact on the target stimulus when this salient feature is not present in
the target. Furthermore, an accented pseudoword prime such as féliz contains unambiguous mis-
matching stress information for the target word FELIZ (compare/fe liz/and/fe.’liz/), and this may
have had a detrimental effect on target processing.

In sum, we found that - unlike French - accented and non-accented vowels in Spanish (e.g., é and
e) can be considered as variants of the same abstract representations. Therefore, the nature of
orthographic representations appears to be modulated by the peculiarities of each language
(Hannagan & Grainger, 2013). We believe that the current experiments offer an avenue to design
further research in different orthographies to examine the similarities/differences in the processing
of diacritical letters during letter/word recognition and reading (e.g., in Finnish, a and 4 [/a/and/e/]
are treated as separate entries in the dictionary and cannot coexist in the same monomorphemic
word).



SCIENTIFIC STUDIES OF READING . 441

Notes

1. As accented vowels and their non-accented counterparts share the base letter, they have a high degree of visual
similarity (e.g., 6.30 out of 7 for the pair e-¢ in the Simpson, Mousikou, Montoya, & Defior, 2012, norms).

2. We acknowledge that the effects of letter complexity in letter recognition are only beginning to be understood
(e.g., more complex letters also tend to be more distinctive; see Wiley & Rapp, 2018, for discussion).

3. For instance, the word sabana, which ends in a vowel, is pronounced/sa.’ba.na/, whereas the word sabanal, which ends in
a consonant different from 7 or s, is pronounced/sa.ba.’nal/. Indeed, in the last edition of the norms of the Spanish
Academy (Real Academia Espariola, 2010), the chapter on when to use accent marks occupies nearly 90 pages.
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Appendix Materials of Experiment 2

The items are presented in quadruplets (identity prime, visually similar prime, visually dissimilar prime, TARGET)
Words: dulce, dulcé, dulci, DULCE; joven, jovén, jovin, JOVEN; conejo, conejo, cunejo, CONEJO; famoso, fimoso,
fémoso, FAMOSO; tocino, tdcino, ticino, TOCINO; abril, 4bril, ébril, ABRIL; madre, madré, madrd, MADRE; teatro,
téatro, téatro, TEATRO; verano, vérano, virano, VERANO; hueso, huesd, huesa, HUESO; feroz, féroz, firoz, FEROZ;
dolor, délor, dilor, DOLOR; establo, éstablo, dstablo, ESTABLO; nevera, névera, navera, NEVERA; oreja, 6reja, areja,
OREJA; sudor, sudor, sédor, SUDOR; cartero, carterd, carteré, CARTERO; cocina, cdcina, ctuicina, COCINA; suelo,
sueld, suelu, SUELO; magia, magid, magid, MAGIA; canal, canal, conal, CANAL; legal, légal, lagal, LEGAL,; feliz, féliz,
faliz, FELIZ; aroma, droma, éroma, AROMA; debajo, débajo, dabajo, DEBAJO; insecto, insecto, unsecto, INSECTO;
cordero, cordero, curdero, CORDERO; calor, célor, cilor, CALOR; activo, activo, dctivo, ACTIVO; nieve, nievé, nievi,
NIEVE; botas, botds, botés, BOTAS; bonita, bdnita, bunita, BONITA; taberna, téberna, téberna, TABERNA; boxeo,
boxeo, buxeo, BOXEQ; fatal, fatal, fital, FATAL; enorme, énorme, inorme, ENORME; fruta, frutd, fruté, FRUTA;
huevo, huevd, huevi, HUEVO; breve, brevé, brevi, BREVE; gusano, gasano, gésano, GUSANO; reloj, réloj, riloj,
RELQJ; tobillo, tébillo, tébillo, TOBILLO; cuchara, ctuchara, céchara, CUCHARA; intenso, intenso, untenso,
INTENSO; abeja, abeja, ibeja, ABEJA; final, final, funal, FINAL; nariz, nariz, nériz, NARIZ; alegre, dlegre, élegre,
ALEGRE; basura, basura, bosura, BASURA; ballena, béllena, bullena, BALLENA; vital, vital, vital, VITAL; cemento,
cémento, cimento, CEMENTO; ruido, ruidd, ruidd, RUIDO; capaz, cipaz, cOpaz, CAPAZ; etapa, étapa, atapa, ETAPA;
local, 16cal, 1écal, LOCAL; aguja, 4guja, 6guja, AGUJA; bigote, bigote, bugote, BIGOTE; pijama, pijama, ptjama,
PIJAMA; falda, fald4, faldé, FALDA; picante, picante, pucante, PICANTE; celda, celdd, celdé, CELDA; resumen,
résumen, risumen, RESUMEN; pelota, pélota, palota, PELOTA; enero, énero, anero, ENERO; humor, humor, himor,
HUMOR; cortina, cértina, curtina, CORTINA; total, total, tital, TOTAL; moral, moral, miral, MORAL; oscuro, dscuro,
uscuro, OSCURO; tablero, tablero, téblero, TABLERO; letal, létal, lital, LETAL; sabor, sdbor, sibor, SABOR; civil, civil,
cévil, CIVIL; licor, licor, lucor, LICOR; adulto, adulto, édulto, ADULTO; barato, bérato, bérato, BARATO; evento,
évento, avento, EVENTO; piano, piano, poéano, PIANO; anual, 4nual, énual, ANUAL; veloz, véloz, véloz, VELOZ;
sirena, sirena, surena, SIRENA; amable, amable, émable, AMABLE; papel, papel, pépel, PAPEL; dinero, dinero,
dinero, DINERO; patada, patada, potada, PATADA; salud, silud, sélud, SALUD; cintura, cintura, céntura,
CINTURA; natal, natal, nétal, NATAL; monja, monjd, monjé, MONJA; espia, espia, espua, ESPIA; tnico, unico,
inico, UNICO; mévil, movil, mevil, MOVIL; irénico, ironico, irinico, IRONICO; época, epoca, apoca, EPOCA; balén,
balon, balen, BALON; jamds, jamas, jamés, JAMAS; quiza, quiza, quize, QUIZA; célula, celula, cilula, CELULA; clinica,
clinica, clunica, CLINICA; arbol, arbol, erbol, ARBOL; oidos, oidos, oedos, OIDOS; éxito, exito, axito, EXITO; lider,
lider, luder, LIDER; fisica, fisica, fosica, FISICA; unién, union, unian, UNION; tdnel, tunel, tinel, TUNEL; vagon,
vagon, vagun, VAGON; cémico, comico, camico, COMICO; sibado, sabado, sebado, SABADO; méximo, maximo,
meximo, MAXIMO; técnica, tecnica, ticnica, TECNICA; jabon, jabon, jabun, JABON; atrés, atras, atres, ATRAS;
cédigo, codigo, cadigo, CODIGO; océano, oceano, ociano, OCEANQ; cdmara, camara, comara, CAMARA; idolo,
idolo, edolo, IDOLO; tragico, tragico, trogico, TRAGICO; latin, latin, latun, LATIN; método, metodo, matodo,
METODO; vibora, vibora, vebora, VIBORA; revés, reves, revis, REVES; pénico, panico, penico, PANICO; jamon,
jamon, jamun, JAMON; ojald, ojala, ojale, OJALA; década, decada, dacada, DECADA; ética, etica, atica, ETICA;
comun, comun, comon, COMUN; clasico, clasico, clesico, CLASICO; adi6s, adios, adias, ADIOS; ratén, raton, ratun,
RATON; demds, demas, demes, DEMAS; vacio, vacio, vaceo, VACIO; sétano, sotano, sutano, SOTANO; pajaro,
pajaro, pejaro, PAJARO; algtin, algun, algon, ALGUN; musica, musica, misica, MUSICA; atico, atico, otico, ATICO;
quimica, quimica, quemica, QUIMICA; tipico, tipico, tepico, TIPICO; séptimo, septimo, saptimo, SEPTIMO; 4guila,
aguila, eguila, AGUILA; cajén, cajon, cajan, CAJON; timido, timido, tumido, TIMIDO; c6moda, comoda, cumoda,



http://dx.doi.org/10.1111/j.1467-9280.2008.02228.x
http://dx.doi.org/10.1016/j.actpsy.2011.07.001
http://dx.doi.org/10.1037/0033-295x.89.5.573
http://dx.doi.org/10.1080/02643294.2014.880677
http://dx.doi.org/10.3758/s13428-012-0271-4
http://dx.doi.org/10.3758/s13428-016-0844-8
http://dx.doi.org/10.3758/s13423-018-1550-6

SCIENTIFIC STUDIES OF READING . 443

COMODA; minima, minima, menima, MINIMA; léser, laser, leser, LASER; hébil, habil, hobil, HABIL; rapido, rapido,
repido, RAPIDO; limén, limon, limun, LIMON; cafién, cafion, caiun, CANON; tictica, tactica, tectica, TACTICA;
botén, boton, botun, BOTON; liquido, liquido, lequido, LIQUIDO; botin, botin, boten, BOTIN; légico, logico, lugico,
LOGICO; timén, timon, timun, TIMON; débil, debil, dabil, DEBIL; rifi6n, rifion, rifitun, RINON; avién, avion, aviun,
AVION; 4lbum, album, elbum, ALBUM; razdn, razon, razun, RAZON; régimen, regimen, rigimen, REGIMEN;
simbolo, simbolo, sembolo, SIMBOLO; judia, judia, judua, JUDIA; facil, facil, fecil, FACIL; bésico, basico, bosico,
BASICO; buzén, buzon, buzen, BUZON; crédito, credito, cridito, CREDITO; acido, acido, ocido, ACIDO; salén, salon,
salun, SALON; pélvora, polvora, pilvora, POLVORA; érabe, arabe, erabe, ARABE; victima, victima, vectima,
VICTIMA; ntcleo, nucleo, nacleo, NUCLEO; higado, higado, hugado, HIGADO; ldmpara, lampara, lempara,
LAMPARA; varén, varon, varin, VARON; l4piz, lapiz, lepiz, LAPIZ

Pseudowords: volce, volcé, volci, VOLCE; pobin, pobin, pobtin, POBIN; cocepa, cocepa, clicepa, COCEPA; nacoco,
nécoco, nécoco, NACOCO; bonano, bénano, binano, BONANO; ablel, éblel, éblel, ABLEL; patre, patré, patri, PATRE;
beagro, béagro, béagro, BEAGRO; fecino, fécino, facino, FECINO; huino, huiné, huini, HUINO; leloz, 1éloz, ldloz,
LELOZ; goror, goror, guror, GOROR; escitro, éscitro, ascitro, ESCITRO; neceto, néceto, niceto, NECETO; ocepo,
6cepo, écepo, OCEPO; rucor, rucor, ricor, RUCOR; zalcera, zalcerd, zalcer, ZALCERA; conaro, conaro, cunaro,
CONARQO; tuere, tueré, tuerd, TUERE; mabio, mabid, mabid, MABIO; mabal, mébal, mébal, MABAL; bemal, bémal,
boémal, BEMAL; ferez, férez, firez, FEREZ; acopu, dcopu, 6copu, ACOPU; depimo, dépimo, dipimo, DEPIMO; incurto,
incurto, 6ncurto, INCURTO; calcero, célcero, colcero, CALCERO; cacer, cacer, cucer, CACER; abtapo, dbtapo, ébtapo,
ABTAPO; gieve, gievé, gievd, GIEVE; dalen, dalén, dalan, DALEN; tomeda, tdmeda, timeda, TOMEDA; tadirma,
tddirma, tédirma, TADIRMA; tixeo, tixeo, tixeo, TIXEO; lotaz, 16taz, lataz, LOTAZ; econfe, éconfe, dconfe, ECONFE;
fluda, fluda, fludé, FLUDA; huejo, huejo, huejé, HUEJO; creje, crejé, creja, CREJE; fumino, fimino, fimino, FUMINO;
rerob, rérob, rorob, REROB; bovallo, bovallo, bévallo, BOVALLO; culliro, ctlliro, célliro, CULLIRO; incanco, incanco,
uncanco, INCANCO; anepo, dnepo, énepo, ANEPO; liral, liral, laral, LIRAL; marez, marez, mérez, MAREZ; acitre,
acitre, ocitre, ACITRE; ticuro, ticuro, ticuro, TICURO; tarrero, tarrero, térrero, TARRERO; getal, gétal, gital, GETAL;
cecisto, cécisto, cicisto, CECISTO; ruico, ruicd, ruica, RUICO; caboz, cdboz, coboz, CABOZ; ecifa, écifa, dcifa, ECIFA;
bodal, bodal, badal, BODAL; acupo, acupo, écupo, ACUPO; nucote, nucote, nicote, NUCOTE; pifiza, pifiza, pufiza,
PIFIZA; lalca, lalcd, lalcd, LALCA; risente, risente, risente, RISENTE; cezca, cezcd, cezcd, CEZCA; resujos, résujos,
rosujos, RESUJOS; secona, sécona, sacona, SECONA; ecena, écena, dcena, ECENA; husor, husor, hisor, HUSOR;
caltana, caltana, céltana, CALTANA; lotad, 16tad, latad, LOTAD; polal, pdlal, pélal, POLAL; utnuro, atnuro, itnuro,
UTNURO; naplera, naplera, néplera, NAPLERA; rital, rital, rutal, RITAL; tapor, tapor, tépor, TAPOR; cijel, cijel, ctjel,
CIJEL; fidor, fidor, fudor, FIDOR; apolto, apolto, épolto, APOLTO; vacito, vacito, vécito, VACITO; ecisto, écisto,
acisto, ECISTO; piaso, piaso, péaso, PIASO; acuar, dcuar, écuar, ACUAR; deroz, déroz, diroz, DEROZ; ticera, ticera,
tacera, TICERA; asitre, asitre, ésitre, ASITRE; pabil, pabil, pébil, PABIL; ticera, ticera, ticera, TICERA; macida,
mdcida, mdcida, MACIDA; sarid, séarid, sorid, SARID; culcura, ctlcura, célcura, CULCURA; zadal, zddal, zddal,
ZADAL; murfa, murfd, murfé, MURFA; engio, engio, engeo, ENGIO; tcaso, ucaso, icaso, UCASO; mojel, mojel,
mejel, MOJEL; imécina, imocina, imacina, IMOCINA; éjolo, ejolo, ajolo, EJOLO; rardn, raron, raren, RARON; padas,
padas, pades, PADAS; chaz4, chaza, chazu, CHAZA; cécuzo, cecuzo, cicuzo, CECUZO; blisaca, blisaca, blesaca,
BLISACA; anzol, anzol, enzol, ANZOL; eibos, eibos, eubos, EIBOS; énato, enato, anato, ENATO; ficer, ficer, fucer,
FICER; ginaca, ginaca, genaca, GINACA; ucién, ucion, ucian, UCION; susel, susel, sisel, SUSEL; fabén, fabon, faban,
FABON; cécaso, cocaso, cucaso, COCASO; ravido, ravido, rovido, RAVIDO; padimo, padimo, pidimo, PADIMO;
tétbaca, tetbaca, totbaca, TETBACA; gajon, gajon, gajan, GAJON; ibrés, ibres, ibras, IBRES; cépamo, copamo, cupamo,
COPAMO; oméaca, omeaca, omoaca, OMEACA; céciro, caciro, cociro, CACIRO; icoza, icoza, ucoza, ICOZA; pravaco,
pravaco, prevaco, PRAVACO; nevin, nevin, neven, NEVIN; sécoda, secoda, sacoda, SECODA; nicoro, nicoro, nucoro,
NICORO:; nijés, nijes, nijis, NIJES; masaco, masaco, mosaco, MASACO; gabén, gabon, gaban, GABON; ovis4, ovisa,
oviso, OVISA; rérida, rerida, ririda, RERIDA; écasa, ecasa, ucasa, ECASA; mondn, monun, monan, MONUN; bldnaco,
blanaco, blenaco, BLANACO; apién, apion, apian, APION; fedén, fedon, fedan, FEDON; fess, fesas, feses, FESAS;
fanio, fanio, fanuo, FANIO; décino, docino, dacino, DOCINO; méfiro, mafiro, mofiro, MAFIRO; aspun, aspun, aspin,
ASPUN; punaca, punaca, penaca, PUNACA; 4cala, acala, ocala, ACALA; quésaca, quesaca, quisaca, QUESACA;
bivaco, bivaco, buvaco, BIVACO; sédtigo, sedtigo, sidtigo, SEDTIGO; achisa, achisa, echisa, ACHISA; mabén,
mabon, maban, MABON; bimado, bimado, bomado, BIMADO; c6dora, codora, cudora, CODORA; pisiza, pisiza,
pesiza, PISIZA; faner, faner, foner, FANER; héjel, hajel, hejel, HAJEL; samado, samado, semado, SAMADO; fison,
fison, fisan, FISON; mabo6n, mabon, maban, MABON; tébtafa, tabtafia, tebtana, TABTANA; difén, difon, difan,
DIFON; tiguedo, tiguedo, teguedo, TIGUEDO; lorin, lorin, lorun, LORIN; févaco, fovaco, favaco, FOVACO; cisén,
cison, cisan, CISON; véjil, vejil, vujil, VEJIL; sizén, sizon, sizan, SIZON; evids, evios, evias, EVIOS; élfem, alfem, elfem,
ALFEM; najon, najon, najin, NAJON; révajen, revajen, ruvajen, REVAJEN; suncolo, suncolo, sincolo, SUNCOLO;
zoififa, zofiia, zofiea, ZONIA; fasel, fasel, fesel, FASEL; vacaco, vacaco, vocaco, VACACO; rujén, rujon, rujin, RUJON;
clépato, clepato, clipato, CLEPATO; é4vada, avada, ivada, AVADA; tarén, taron, tarin, TARON; pélnora, polnora,
pulnora, POLNORA; acipe, acipe, ecipe, ACIPE; véltiga, veltiga, viltiga, VELTIGA; taplea, tuplea, toplea, TUPLEA;
hivida, hivida, hévida, HIVIDA; vémpira, vempira, vompira, VEMPIRA; dalén, dalon, dalan, DALON; fajiz, fajiz, fejiz,
FAJIZ
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