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Abstract

Letter position dyslexia is a deficit in letter position encoding in the orthographic‑visual
analysis stage. We report here the first cases of deaf signers who show letter position
dyslexia in both written and fingerspelled words. Their error pattern was identical in the
twomodes of presentation, written and fingerspelled: in bothmodes, they had almost only
within‑word letter transpositions; their transpositions involved middle letters and almost
never exterior letters; they had errors of doubled letters; and their errors occurred almost
only in migratable words. They showed no transpositions in reading multi‑digit numbers.
These results indicate that despite the temporal separation between the fingerspelled let‑
ters, the reading of fingerspelling uses the same cognitive processes, and specifically, the
same letter‑position‑encoding mechanism, as the reading of written words.

Keywords: letter position dyslexia; sign language; fingerspelling

1. Introduction
Reading is a multi‑staged process (Castles, 2006; Coltheart, 2006a; Coltheart et al.,

2001; Friedmann & Coltheart, 2018). This study focuses on the early stage of this process,
the visual‑orthographic analysis of the letter string (Figure 1). Specifically, we explore
impairment in one process that takes place in the early stage: letter position encoding. We
examine this component via the study of the way a deficit in letter position encoding is
manifested in reading fingerspelled words and in reading written words.

1.1. The Reading Process and Types of Dyslexia

The initial reading stage, the orthographic‑visual analyzer, involves three processes:
identification of the individual letters, analysis of their relative positions within the word,
and binding of the letters to theword inwhich they appear. This information is then held in
a short‑term orthographic buffer, which is also in charge of graphemic and morphological
analysis. The following stage is the orthographic input lexicon, inwhich familiarwords are
retrieved from the long‑term store of writtenword forms. From the orthographic input lex‑
icon, information proceeds to semantic and conceptual systems, enabling the comprehen‑
sion of the written word. The orthographic input lexicon is also connected to phonological
output components—the phonological output lexicon and the phonological output buffer
(POB)—which participate in the production of the word. Pseudo‑words (and real words)
can also proceed from the orthographic input buffer through the sub‑lexical route, where
they undergo grapheme‑to‑phoneme conversion, which ends in the POB (Friedmann &
Coltheart, 2018).
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In line with the different stages of reading, neuropsychological research from the
last few decades revealed that dyslexia, an impairment in reading, is not a single deficit.
Rather, there exist several different impairments in different stages of the reading pro‑
cess that lead to different types of specific reading impairments, which in turn lead to
different patterns of errors (Beauvois & Dérouesné, 1979; Bub et al., 1985; Funnell, 1983;
Marshall & Newcombe, 1973; McDougall et al., 2005). As many as 22 types of dyslexia
have been identified (Coltheart & Kohnen, 2012; Friedmann & Coltheart, 2018; Friedmann
& Haddad‑Hanna, 2014; Güven & Friedmann, 2022; Potier Watkins et al., 2023; Traficante
et al., 2024); each can be associated with specific stages in the dual‑route model.

Figure 1. Stages of reading words and pseudo‑words.

1.2. LPD and What We Know About It in Hearing Speakers

One specific type of dyslexia that has been identified is letter position dyslexia (LPD).
LPD is an impairment in the visual‑orthographic analyzer in the encoding of the letter
position within the word, which has been demonstrated both in acquired and in develop‑
mental cases (Friedmann&Gvion, 2001, for the first report on an acquired case; Friedmann
&Rahamim, 2007, for the first developmental case). Individualswith LPD transpose letters
within words, especially the middle letters, mainly in migratable words (words in which
transposition of the middle letters creates another existing word, e.g., files → flies and
signer → singer). They also make omission and insertion errors with letters that appear
twice in the word (non‑geminates, e.g., drivers → divers; starts → stars). Friedmann and
Rahamim (2007) suggested that such errors with doubled letters occur in LPD because dou‑
bled letters differ only in their position. When position encoding is impaired, the reader
loses the only property that distinguishes between the two instances of the same letter,
leading to errors such as omitting a doubled letter or doubling a single letter.

LPD has already been identified in English, Hebrew, Italian, Arabic, French,
and Turkish (Friedmann & Gvion, 2001; Friedmann & Haddad‑Hanna, 2012;
Friedmann & Rahamim, 2007; Güven & Friedmann, 2019; Kohnen et al., 2012; Potier
Watkins et al., 2023; Traficante et al., 2024), but until now, it had never been reported in
deaf signers of any sign language, nor was it tested in the reading of fingerspelling.
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1.3. Sign Language and Fingerspelling

Sign languages are natural languages, with unique grammars, separate from the
grammars of the spoken languages in their environment (Cecchetto, 2016; Geraci, 2015;
Meir & Sandler, 2007). Signs in sign languages are composed of smaller visual elements
corresponding to spoken language phonology, such as handshape, movement, and place
of articulation (or location in space) (Stokoe, 1960/2005). As sign languages do not have
their own writing systems (Quer & Steinbach, 2019), deaf signers learn to read the ortho‑
graphic system of the spoken language surrounding them (which inmany cases is not their
native language). Many sign languages also have systems of fingerspelling—a set of hand‑
shapes representing the orthography of the surrounding spoken language—which is used
to spell out words that do not have a corresponding sign (e.g., names of people or places
or borrowed common nouns—Padden & Gunsauls, 2003; Sutton‑Spence & Woll, 1999).

In Israeli Sign Language (ISL), the sign language spoken by the Deaf community in
Israel, the fingerspelled alphabet corresponds to the Hebrew orthography. Interestingly,
many of the fingerspelled letters in ISL do not resemble the Hebrew letters visually, since
they are borrowed from the fingerspelling system of American Sign Language (ASL), with
some adaptations (Meir & Sandler, 2007; see Figure 2).

Figure 2. The fingerspelled alphabet in ISL. Printed letters show the parallel letter in the
Hebrew orthography.

Fingerspelled words are produced letter by letter, with temporal separation between
the letters. Research and reading instruction practice consider fingerspelling important for
deaf signers not only as a means to convey words that do not have a sign but also as an
effective way to teach reading to deaf signers, as a bridge between the signed and spoken
language (Blackburn et al., 1984; Crume, 2013; Haddad‑Hanna, 2025; Haptonstall‑Nykaza
& Schick, 2007; Hirsh‑Pasek, 1986; MacGlaughlin, 2018; Miller et al., 2021; Puente et al.,
2006; Stone et al., 2015; Tucci et al., 2014). The process of fingerspelling and reading finger‑
spelled words (finger‑reading) has never been studied in a neuropsychological approach;
types of dyslexia in finger‑reading have never been identified; and cognitive stages nec‑
essary for finger‑reading have never been incorporated into neuropsychological models
of reading.

Nevertheless, there are reasons to believe that similar mechanisms underlie the read‑
ing of written and fingerspelled words in deaf signers. The stage that is expected to differ

https://doi.org/10.3390/bs16050654

https://doi.org/10.3390/bs16050654


Behav. Sci. 2026, 16, 654 4 of 24

the most between written and fingerspelled word reading is the orthographic‑visual anal‑
ysis stage, the early stage of the reading process. However, brain research has actually
shown that finger‑reading engages the Visual Word Form Area (VWFA), a region that is
involved in the early orthographic‑visual processing of written words (Bolger et al., 2005;
Cohen et al., 2000, 2002). This indicates that similar brain regions process orthographic
input, regardless of the modality of input (Waters et al., 2007). Furthermore, research has
shown that there is a correlation between reading skills forwrittenwords and performance
in finger‑reading (Puente et al., 2006), that there exist orthographic plausibility effects sim‑
ilar to the ones known for written words when reporting the letters of finger‑read words
(Hanson, 1981), and that similar priming and short‑term memory effects influence both
written and fingerspelled words (Lee et al., 2025; Sehyr et al., 2016; Williams et al., 2015).

1.4. Testing LPD in Signers Can Help Decide Between Theories

The existence of the fingerspelling system in sign language enables researchers to
learn both about the nature of specific types of dyslexia, and about the cognitive mech‑
anisms underlying finger‑reading.

The way a type of dyslexia is manifested in finger‑reading can reveal the properties
of this dyslexia and the exact nature of the deficit leading to it. Specifically, finger‑reading
can contribute to a better understanding of the cognitive processes underlying the early
stages of orthographic‑visual analysis in reading and of dyslexias that result from a deficit
in this stage. The fact that fingerspelled letters have temporal, rather than spatial, separa‑
tion can help answer theoretical questions regarding the nature of letter position encoding
andmigration errors in reading. Friedmann and Gvion (2001) claimed that the deficit is or‑
thographic, in the letter‑encoding function. They also backed up this proposal by showing
that individuals with LPD do not transpose numbers (see also Dotan & Friedmann, 2019,
and Friedmann et al., 2010a, for dissociations between number and word reading). How‑
ever, there are alternative proposals linking LPD to general visual failures (e.g., Stein, 2019).
One explanation given for LPD is a deficit in visuo‑spatial separation—or crowding (Gori
& Facoetti, 2015; Martelli et al., 2009; Spinelli et al., 2002). Other proposals refer to lateral
interference (see Friedmann & Gvion, 2001 for a discussion of this possibility). If we find
that LPD is expressed similarly in fingerspelling, despite the fact that fingerspelled words
are not presented visually together but are rather presented sequentially letter by letter,
this would indicate LPD is an orthographic‑specific failure rather than a general visual
failure. Such findings would suggest that this deficit is tightly related to the processing of
letter sequences and specifically to the encoding of letter positions within words.

Complementarily, studying dyslexia in finger‑reading can be instrumental for under‑
standing the cognitive mechanisms underlying finger‑reading. This can be done via the
exploration of the manifestation of the same dyslexia, in the same person with dyslexia,
in two orthographic systems: the written and the fingerspelled systems, representing
the same words. This can help us better understand the mechanisms underlying finger‑
reading and reveal whether the same cognitivemechanisms are responsible for the process
of readingwritten and fingerspelled words, supporting their generality and independence
from stimulus mode.

Two alternative parallels could be imaginedwith respect to the cognitivemechanisms
of the reading of fingerspelling: one would be that reading a fingerspelled word is parallel
to reading a written word. The other is that reading a fingerspelled word is parallel to
readingwritten letters presented one by one. Friedmann and Rahamim (2014) showed that
in LPD, reading each written letter separately reduces transposition rate in comparison to
reading a whole word. This provides us with a tool to examine the question of parallelism
and identify the written parallel of reading a fingerspelled word. Because the letters are
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signed one after the other rather than presented in parallel, if LPD in finger‑reading is less
pronounced, this would indicate that reading fingerspelled words is parallel to reading
written letters presented one by one. Alternatively, if similar transposition rates are seen
in the reading of fingerspelled and written words, this would indicate that finger‑reading
is parallel to reading whole written words and that the letter‑position‑encoding deficit in
LPD affects an orthographic stage in which the word is represented as a whole.

In writing, we have recently shown that a Hebrew–ISL bilingual with orthographic
(graphemic) output dysgraphia showed exactly the same pattern of errors with handwrit‑
ing and fingerspelling (Haluts et al., 2025). We interpreted this result as indicating similar
cognitivemechanisms for handwriting and fingerspelling. A parallel examination for read‑
ing, assessing whether the cognitive mechanisms are independent of modality in reading
as well, has never been done in individuals with dyslexia.

1.5. Dyslexia in Deaf Individuals

A large body of research has been devoted to difficulties in reading and reading com‑
prehension of deaf individuals (Allen, 1986; Beal‑Alvarez et al., 2012; Harris et al., 2017; Holt,
1993; Lederberg et al., 2013; Luckner &Handley, 2008; Schirmer &McGough, 2005; Tomazin
et al., 2025; Traxler, 2000). It seems that in general, reading at the word level for deaf indi‑
viduals is similar to the experience of their peers (Burden & Campbell, 1994; Fischler, 1985;
Wauters et al., 2006). Difficulties in reading comprehension, which are typically assessed at
the text rather than word level, may be a result of language difficulties, such as reduced lex‑
ical knowledge of the spoken language and difficulties with syntax (Marschark et al., 2009;
Padden & Ramsey, 1998; Szterman & Friedmann, 2020; Tomazin et al., 2025; Wauters et al.,
2006), which have been shown to be present in deaf and hard‑of‑hearing children, indepen‑
dently of reading (Delage & Tuller, 2007; Friedmann & Haddad‑Hanna, 2014; Friedmann &
Szterman, 2006, 2011; Haddad‑Hanna & Friedmann, 2009; Friedmann et al., 2010b; Volpato
& Adani, 2009).

In contrast, there are very few reports of impairments specific to reading single words
and pseudo‑words in deaf children or adults, no neuropsychological case reports at all of
specific types of dyslexia in deaf signers, and no reports of specific types of dyslexia in
reading fingerspelled words.

One study that did report dyslexia in deaf signers was Enns and Lafond (2007). They
reported two cases of deaf signers with dyslexia; however, they focused only on the num‑
ber of correctly read words and did not specify the pattern of errors their participants
exhibited, nor the specific type of dyslexia they had.

We have previously reported a deaf signer with a very specific impairment in reading‑
then‑signing multi‑digit numbers, who showed a dissociation between impaired reading
of numbers and preserved reading ofwords (Friedmann et al., 2021), and another (hearing)
aphasic signer who showed a selective and specific impairment in spelling, expressed both
in handwriting and in fingerspelling, without an impairment in reading per se (Haluts
et al., 2025); both cases show it is possible to dissociate different types of impairments in
users of a sign language and support the need to identify specific impairments in the deaf
signing population.

One possible explanation for the absence of reports of specific types of dyslexia in
deaf signers is the lack of reading assessment tools suitable for deaf signers. For many deaf
signers, speech production does not reflect their reading ability well enough. Using tasks
of reading aloudmay lead to errors related to speech production rather than to reading and
lead to underestimation of their reading abilities. A reading‑then‑signing task, which we
use in our reading assessments of deaf signers and in the current study, avoids this issue,
and also ensures that the origin of the transposition is in the orthographic input, rather than
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in the phonological output (see Toledano&Friedmann, 2023, for transpositions originating
in orthographic input vs. phonological output).

In this study, we thus showhowdyslexia can be assessed in sign language users, using
reading tasks that do not require spoken output, such as reading‑then‑signing and word–
picture matching. Using these tasks, we are able to identify a selective type of dyslexia
in signers.

The current study aims to provide a detailed description of how LPD is manifested
in the reading of fingerspelling, in order to address questions concerning both the nature
of LPD and the cognitive mechanisms underlying finger‑reading. The study also aims to
demonstrate how selective types of dyslexia can be assessed in deaf signers. Identifying
specific types of dyslexia in signersmay enable better diagnosis of such impairments in this
population and lead to better treatment and teaching for signerswith reading impairments.

2. General Method
2.1. Participants
2.1.1. Participants with Dyslexia

The participants with LPD were two adults who were congenitally deaf late signers
of ISL (born to hearing parents and started acquiring sign language during late childhood).
Both signers reported difficulties in reading.

Alon

Alon was tested in 3 sessions between 2019 and 2021 starting when he was 21 years
old. He is a male, born in Israel. In early childhood he underwent several cochlear implant
surgeries, which were unsuccessful. This led to him, together with his family, switching to
learning Israeli sign language, when he was 3 years old. He graduated from high school.
He was not using hearing aids in any of the sessions.

Yona

Yona was tested in 4 sessions between 2018 and 2022 starting when she was 20 years
old. She is a female, born in Russia, and moved to Israel at the age of 3, where she also
started learning sign language, ISL. She is not familiar with any sign languages other than
ISL. She used hearing aids from kindergarten until the age of 21; however, she stopped
using them because they did not improve her hearing and, as she described, she could
only hear noise.

2.1.2. Control Group

The performance of Alon and Yona on the various tasks was compared to control
groups of deaf readers of Hebrew and ISL fingerspelling, including native and late signers
of ISL, of up to 40 participants depending on the test (total 58 signers; ages 18–60; M = 36.1;
SD = 10.4), all of whom use ISL as their main means of communication and are part of the
Deaf community in Israel. We specify the size of the control group used in the sections
describing each test.

2.2. Statistical Analysis

In line with the long tradition of cognitive neuropsychology (Caramazza, 1986;
Coltheart, 2006b; Ellis & Young, 1996; Marshall &Newcombe, 1984; Medina& Fischer‑Baum,
2017; Nickels et al., 2022; Shallice, 1979, 1988), this study used a single‑case approach to de‑
scribe in detail two cases of signers with dyslexia. We therefore used the statistical method‑
ology accepted for single‑case studies (Crawford & Howell, 1998; Crawford & Garthwaite,
2002, 2005, 2007; Crawford et al., 2003, 2011; Willmes, 1990, 2010). This single‑case method‑
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ology allowed us to compare the performance of each case to the performance of a con‑
trol group and to determine for each task, stimulus type or error type whether the partici‑
pant’s performance was significantly different or worse than that of the control participants.
We compared the performance of each of the signers with dyslexia to the controls using
Crawford and Howell’s (1998) t‑test, specifically designed for case–control comparison in
single‑case studies. This test was shown to minimize type‑1 errors compared to other meth‑
ods (Crawford & Garthwaite, 2012). We used p < 0.05. When other tests were used, we spec‑
ified them in the relevant section.

3. Assessment—Method and Results
To test the nature of Alon and Yona’s reading difficulties, we examined their read‑

ing of written (printed) words as well as their reading of fingerspelled words sensitive to
specific types of dyslexia.

3.1. Reading Written Words

Because reading aloud is not an ideal method for assessing reading in deaf signers—due
to potential output inaccuracies related to hearing loss rather than true reading difficulties—
we used alternative reading tasks: reading‑then‑signing and word–picture matching.

3.1.1. Reading‑Then‑Signing Written Words Sensitive to Various Types of Dyslexia
Method

We assessed reading‑then‑signing of Hebrew words sensitive to different types of
dyslexia using the existing word‑reading screening task from the TILTAN battery for the
diagnosis of dyslexia in Hebrew (Friedmann & Gvion, 2003), which we adapted to ISL
(Friedmann et al., 2021; Haluts et al., 2025). In adapting the test to ISL, we selected words
that are familiar to deaf signers, have a sign in ISL, and for which different types of errors
lead to a visible change in the sign—namely, for which different errors in the same item
would yield different signs from each other and a different sign from the target sign. The
participants were presented with 90 words, printed one under the other on a sheet, and
were asked to sign the corresponding ISL sign for each word. The items included words
sensitive to different known types of dyslexia, including, among others, surface dyslexia,
vowel letter dyslexia, neglect dyslexia, visual dyslexia, and attentional dyslexia. Careful
analysis of the error pattern in reading can also point to other suspected types of dyslexia
(see Friedmann & Coltheart, 2018). Importantly, for the current study, one of the word
types that this screening test included was migratable words, which are the stimulus that
is most difficult for individuals with LPD, and the test is therefore also sensitive to the
identification of LPD. Across all reading tasks, when the participant said that they did not
know a given target Hebrew word, this was counted as a “don’t know” response, and
reading errors were not counted for this word.

Results

Alon and Yona’s most prominent error type in this task was typical of LPD—letter
transpositions (mean control = 0.82, SD = 1.19; Alon = 5, t(16) = 3.41, p = 0.002 for the com‑
parison of his errors to the controls’; Yona = 14, t(16) = 10.76, p << 0.0001). Namely, they
signed the sign corresponding to a transposition result of the target word they were read‑
ing. For example, for the target word ,כבלים KVLIM, cables, they signed DOGS, parallel
to the word resulting from a transposition of the second and third letters, ,כלבים KLVIM.
These transpositions occurred exclusively with migratable words—in which a transposi‑
tion leads to other existing words (including transpositions the participants performed
when fingerspelling the target word prior to or instead of signing the target sign, which
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they sometimes did when they did not understand/did not know the sign, and transposi‑
tions in the pronunciation of the Hebrewword that sometimes accompanied their signing).
Thiswas by far themost pronounced error type, and none of the other error types exceeded
two errors per participant (see Figure 3).

Alon andYona’s pattern of errors on the screening task ledus to suspect theymayhave
letter position dyslexia, a deficit in the encoding of letter position within the word. Thus,
we continued with additional tasks of written word reading that are specifically designed
to test reading of migratable words.

Figure 3. Number of errors of each type that Alon and Yona made on the written screening task,
compared to the controls.

3.1.2. Reading‑Then‑Signing Written Migratable Words
Method

We further assessed the participants’ letter position encoding by asking them to read
and then sign written migratable words, which are the type of stimulus most sensitive to
identifying letter position dyslexia (LPD) (Friedmann & Gvion, 2001). We used a migrat‑
able words reading test from the TILTAN battery, adjusted to ISL (Friedmann et al., 2021;
Haluts et al., 2025).

The participants were presented with 162 migratable words, printed one under the
other on a sheet, and were asked to read each word and then sign the corresponding
ISL sign.

Results

Alon and Yona’s most prominent error type in this task was, again, letter transpo‑
sitions (in similar rates for consonants and vowels) and errors with doubled letters (see
Table 1, which details all relevant error types that exceeded 2% of the target words). In
this word list, too, they made significantly more errors of these types than the controls
(transpositions: control M = 2%, SD = 1%; Alon = 8%, t(30) = 5.91, p << 0.0001; Yona = 15%,
t(30) = 12.80, p << 0.0001; doubled letters: control M = 1%, SD = 1; Alon = 5%, t(30) = 3.94,
p = 0.0002; Yona = 4%, t(30) = 2.95, p = 0.003).
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Table 1. Percentage of errors of different types made by Alon, Yona, and the controls (average and
SD) when reading‑then‑signing written migratable words.

Control Alon Yona

Letter transpositions 2 (2) 8 15

Doubled letter error 1 (1) 5 4

Morphological 1 (1) 6 6

Don’t know 1 (2) 3 27

3.1.3. Comprehension of Written Migratable Words—Word‑to‑Picture Matching

To further examine Alon and Yona’s transpositions in written word reading, we ad‑
ministered a comprehension task with migratable words.

Method

Participants were presented with a written migratable word that appeared in the cen‑
ter of a computer screen for 1200 ms. Then two pictures appeared on the screen and the
participants were asked to choose the picture that matched the word by clicking on the
corresponding key on the keyboard (“a” for the left picture and “l” for the right picture).
The pictures appeared on the screen until a choice wasmade. The tasks were administered
using the Testable platform (see Rezlescu et al., 2020). The words were migratable words,
and each pair of pictures included the target word and the result of a letter migration (e.g.,
the written word “files” followed by pictures of files and flies). The task included a total
of 69 items, of which 2 were example items with pairs including the target and a picture of
an orthographically unrelated item, 57 test items with migratable pairs, and 10 were fillers
with pairs including the target and the result of a letter substitution (e.g., theword “cat” fol‑
lowed by pictures of a cat and a mat). The letter‑substitution fillers were included to allow
for a comparison between the letter‑migration pairs and pairs with a similar Levenshtein
distance (Navarro, 2001).

Results

Yona’s performance with migratable words was significantly worse than the controls’
(64% correct, controls: mean = 97%, SD= 4%, t(28) = 8.11, p << 0.0001)1. In contrast, shemade
only one error with the letter‑substitution fillers. Alon’s accuracy rate was comparable to
the controls both with migratable words (96% correct) and with fillers (100%).

Both Alon and Yona had significantly longer reaction times (RTs) for the migratable
test items than the controls2 (mean controls: 1367 ms, SD = 358; Alon: mean = 3068 ms,
t(28) = 4.67, p << 0.0001; Yona: mean = 3700 ms, t(28) = 6.41, p << 0.0001). Interestingly, the
difference between mean RTs for migratable test items and letter‑substitution fillers was
significantly greater for both Alon and Yona than for the controls (control mean difference:
116 ms, SD = 281; Alon: 930, t(28) = 2.85, p < 0.01; Yona: 905, t(28) = 2.76, p < 0.01), indicating
a greater cost of the need to accurately analyze letter position within the word for both
participants with impairments than for the controls.

3.2. Reading Fingerspelled Words

The tests of reading written words indicated that Alon and Yona had an impairment
in letter position encoding. We next examined their reading of fingerspelled words, which
is an integral process in the use of sign languages including ISL, to answer two theoretical
questions. First, it was investigated whether written and fingerspelled words are read
via shared cognitive mechanisms. If we found that LPD affects written and fingerspelled
words in a similar way and leads to similar pattern of errors, we can conclude that both
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modes of presentation are processed by shared mechanisms and that the deficit leading to
LPD affects these shared mechanisms.

A second question that can be answered by testing finger‑reading in individuals with
LPD is whether LPD is a visual deficit which stems from the simultaneous presentation
of the letters in the word. One possible explanation for the pattern of errors seen in in‑
dividuals with LPD is that a deficit in visually separating the letters is the factor causing
difficulty with encoding their position (as has been suggested for dyslexia in general by
approaches relating to effects such as crowding, Gori & Facoetti, 2015; Martelli et al., 2009;
Spinelli et al., 2002). Because the fingerspelled letters do not appear simultaneously in
one visual presentation but rather are signed one after the other with a temporal distinc‑
tion between them, if LPD is indeed a deficit in visual separation, we would expect the
letter‑by‑letter presentation to remove interference from neighboring letters, leading to a
reduction in transposition errors when the words are fingerspelled. Alternatively, if LPD
is an impairment in orthographic processing of letter position rather than a visuo‑spatial
impairment (as claimed by, e.g., Friedmann & Gvion, 2001; Friedmann & Haddad‑Hanna,
2012; Friedmann & Rahamim, 2007; Güven & Friedmann, 2019; Kohnen et al., 2012; Potier
Watkins et al., 2023; and Traficante et al., 2024), we would expect a similar pattern of errors
regardless of presentation modality.

To test these two questions, we administered the same tests described in Section 3.1
to Alon and Yona, this time with fingerspelled words.

3.2.1. Reading‑Then‑Signing Fingerspelled Words Sensitive to Various Types of Dyslexia
Method

Participants watched a video in which a native signer fingerspelled a word at a slow
but natural pace. The participants were asked to sign the corresponding ISL sign (e.g., they
saw B‑O‑A‑T fingerspelled and had to sign BOAT). The words were similar to the items in
the written words reading task, described in Section 3.1.1, but in a mixed order. Alon and
Yona read 81 and 66 items in this test, respectively, and their performance was compared
to that of the controls for the same items.

Results

In their reading of fingerspelled words, similarly to their reading of written words,
Alon and Yonamademainly letter transpositions. Alonmade transpositions on 19% of the
words he read, significantly more transpositions than the control group for the items he
read (control M = 7%, SD = 6%, t(7) = 1.89, and p = 0.049). Yona had 15% transpositions,
trending towards but not significantly greater than the controls for the items she read (con‑
trol M = 7%, SD = 5%, t(7) = 1.52, and p = 0.08). As in the written word version of this test
(Section 3.1.1), these transpositions occurred exclusively in migratable words. Alon also
made three morphological errors (Figure 4). Yona said she did not know the word/sign
for 20 of the items (30%), possibly a reflection of her limited Hebrew lexicon. Other error
types did not exceed two errors. Thus, in a test that was designed to expose all kinds of
dyslexias, via the elicitation of all kinds of reading errors, the participants showed a pic‑
ture of a selective deficit in reading which affected the encoding of letter position, just like
when reading written words.
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Figure 4. Percentage of errors of each type that Alon and Yona made on the fingerspelled screening
task, compared to the controls.

3.2.2. Reading‑Then‑Signing Fingerspelled Migratable Words
Method

Participants watched a video of a native signer fingerspelling a word at a slow but
natural pace and were then asked to sign the corresponding ISL sign. The words were
the same migratable words that appeared as written words in the task described in Sec‑
tion 3.1.2 but in a different order. Alon performed the full test (162 items), and Yona finger‑
read 100 of the items, as did the controls.

Results

Alon and Yona’s most prominent error type in the fingerspelled word reading task
was, like in their reading of the written words, letter transpositions. They performed
significantly more transpositions than the controls (Alon = 38%, t(12) = 4.98, p = 0.0002;
Yona = 25%, t(12) = 3.37, p = 0.003). They also made significantly more errors with doubled
letters than the controls (Alon 6%, t(12) = 2.41, p = 0.02; Yona 4%, t(12) = 1.45, p = 0.09). See
Table 2.

Interestingly, for many of the words he read (24 words), Alon tried to fingerspell the
target word himself, before producing the sign or when his error in reading did not lead to
an existing word. In these self‑initiated fingerspelled responses, he also performed mostly
middle‑letter migrations (9) and errors with doubled letters (3). These errors were almost al‑
ways compatible with his transposition error reflected in the sign he produced (e.g., instead
of KVLIM, cables, he signed the result of a transposition, KLVIM, dogs, and made the same
error when he fingerspelled the word to himself, which he fingerspelled K‑L‑V‑I‑M).

Alon and Yona also made some morphological errors in this test (M controls = 2%,
SD = 1%; Alon = 8%, t(12) = 5.78, p < 0.0001; Yona = 9%, t(12) = 6.75, p < 0.0001). Their
letter errors (substitutions, omissions, and insertions not involving doubled letters) did
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not exceed two errors (with the exception of Yona’s five consonant substitutions). Yona
said she did not know the word/sign for 26 of the items in this test.

Table 2.Percentage of errors (and SD) of different types made by Alon, Yona, and the controls when
reading‑then‑signing fingerspelled migratable words.

Control Alon Yona

Letter transpositions 7 (6) 38 25

Doubled letter error 1 (2) 6 4

Morphological 2 (1) 8 9

Consonant substitutions 0.8 (1.4) 2 5

Don’t know 1 (2) 3 26

3.2.3. Comprehension of Fingerspelled Migratable Words—Word‑to‑Picture Matching
Method

Participants watched a video in which a native signer fingerspelled a word at a slow
but natural pace3. The video appeared in the center of the screen until the word was com‑
pleted, followed by two pictures. The participants were then asked to choose the picture
matching the word, in a similar procedure to the one described in Section 3.1.3 above, with
the same test items in a mixed order and with different example items and fillers.

Results

Both Alon and Yona had a significantly worse performance formigratable words than
the controls (M controls = 94%, SD = 5%; Alon = 82%, t(21) = 2.35, p = 0.03; Yona = 53%,
t(21) = 8.02, p << 0.0001). Alon also made two errors on the letter‑substitution fillers.

As in the written version of the test described above in Section 3.1.3, Alon and
Yona had significantly longer RTs for the migratable test items than the controls (M con‑
trols = 1074 ms, SD = 418; Alon = 2131 ms, t(21) = 2.47, p = 0.02; Yona = 2378 ms, t(21) = 3.05,
p = 0.006)4.

3.2.4. Interim Summary—Similar Pattern When Reading Written and Fingerspelled
Words

The results of the reading tasks presented so far show that Alon and Yona had very
similar patterns of errors when reading written and fingerspelled words. Their reading of
writtenwords showedmostly errors typical of LPD: letter transpositions and errors in dou‑
bled letters, both when reading‑then‑signing and in a picture‑matching task. This resem‑
bles the error pattern of hearing speakers with such an impairment (Friedmann & Gvion,
2001; Friedmann & Haddad‑Hanna, 2012; Friedmann & Rahamim, 2007, 2014; Güven &
Friedmann, 2019; Kohnen et al., 2012; Potier Watkins et al., 2023; Traficante et al., 2024).

Strikingly, their finger‑reading showed exactly the same pattern of errors, withmostly
letter transpositions and errors with doubled letters, demonstrating for the first time that
LPD is manifested similarly for written and fingerspelled words.

To test whether letter transpositions occur even when comprehension of the word is
not required (and hence, to rule out the semantic component as a source for the transposi‑
tions), we administered tasks of repetition and lexical decision of fingerspelled words.

3.2.5. Repetition of Fingerspelled Words
Method

Participants watched a video of a native signer fingerspelling a word at a slow but
natural pace and were asked to repeat the fingerspelling (i.e., to fingerspell the word them‑

https://doi.org/10.3390/bs16050654

https://doi.org/10.3390/bs16050654


Behav. Sci. 2026, 16, 654 13 of 24

selves). The test included 25 migratable words of 4–6 letters (M = 4.8, SD = 0.8) and one
training item of 3 letters, with which no participant made any errors.

Results

Alon and Yona’s most prominent errors in this task were letter transpositions. They
made significantly more transpositions than the controls (M controls = 6%, SD = 7%;
Alon = 36%, t(21) = 4.19, p = 0.0002; Yona = 24%, t(21) = 2.51, p = 0.01), and Yona also made
significantly more errors with doubled letters (M controls = 2%, SD = 4%; Yona = 12%,
t(21) = 2.45, p = 0.01). Alon also made three consonant substitutions. Neither of the partici‑
pants committed any additional errors in this task.

3.2.6. Lexical Decision of Fingerspelled Words
Method

Participants were presented with a fingerspelled Hebrew word or pseudo‑word and
were requested to decide whether it was a real word (by responding “yes” or “no”). The
stimuli were 41 letter sequences: 16 migratable words, 20 migratable pseudo‑words (in
which a transposition creates an existing word), and 5 non‑migratable pseudo‑words (in
which a transposition does not create an existing word. Yona was not presented with these
5 items).

Results

Both Alon and Yona performed worse than the controls with migratable words (i.e.,
they judged the existing migratable word as nonexistent; M controls = 2% errors, SD = 3%;
Alon = 13%, t(10) = 3.51, p = 0.003; Yona = 19%, t(10) = 5.43, p = 0.0001). With migratable
pseudo‑words, the controls also performed rather poorly (i.e., responded that the pseudo‑
word was a real word; M = 28% errors, SD = 17%); however, Alon still performed much
worse (75% errors, t(10) = 2.65, p = 0.01). In contrast, Alon did not make any errors with
the five non‑migratable pseudo‑words.

3.2.7. Interim Summary

The performance of Alon and Yona for repetition and lexical decision of fingerspelled
words further suggests that their impairment does not stem from a comprehension/semantic‑
related deficit: even in such tasks where reaching the meaning of the word is not necessary
for performance, both participants still performed many letter transpositions and showed
difficulty with migratable words and pseudo‑words.

3.2.8. Letter‑by‑Letter Reading

Fingerspelled words differ from written words in that they are signed letter by letter.
Nevertheless, we found that both signers with LPD performed transpositions in finger‑
spelled words. We further tested reading of letters that appear sequentially by presenting
the written words letter by letter, at the same location on the screen with temporal sepa‑
ration between them. Only Yona performed this task, as we came up with this test rather
late in the evolution of this study, when Alon was no longer available for testing.

Method

We presented Yona with 20 migratable written words (and three fillers) presented in
such a way that each letter of the word appeared in the center of the screen for 750 ms,
followed by a question mark. When the question mark appeared, the participant was re‑
quested to sign the word.
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Results

Yona performedmostly letter transpositions in this task (45%), significantlymore than
the controls (M controls = 10%, SD = 9%, t(11) = 3.74, p = 0.002). She said she did not know
the word/sign for four of the words.

The fact that Yona made similar transposition errors when the written word was pre‑
sented letter by letter, with temporal rather than spatial separation between the letters,
suggests that LPD cannot be explained by a deficit in visually separating between simulta‑
neously presented letters.

3.3. Pattern of Letter Migrations—Middle‑ Versus Exterior‑Letter Transpositions

Previous studies have shown that speakers of spoken languageswith LPD,when read‑
ing written words, perform letter transpositions mostly with letters in the middle of the
word. Transpositions involving an exterior letter of the word (i.e., the first or final letters)
occur at a far lower rate (Friedmann & Rahamim, 2007; Kohnen et al., 2012).

In all the reading‑then‑signing tasks, we examined whether Alon and Yona also
showed the samepattern ofmainlymiddle‑lettermigrations in fingerspelling (andwhether
their written word reading replicated earlier findings regarding middle‑letter transposi‑
tion being the most common).

We analyzed all target words in which both middle‑ and exterior‑letter migrations
could create other existing words, in all of the tests with signed/fingerspelled output. This
analysis indicated that the participants with LPD performed many middle‑letter migra‑
tions with these words and only a few exterior migrations. Alon made 42 middle migra‑
tions and 5 exterior migrations; Yona made 41 middle migrations and 2 exterior migra‑
tions. For both participants, the number of middle‑letter transpositions was significantly
greater than the number of exterior‑letter transpositions, both for written words (χ2 = 8.99,
p = 0.003 for both participants) and for fingerspelled words (Alon: χ2 = 21.79, p < 0.00001;
Yona: χ2 = 14.52, p = 0.0001).

We also compared the middle and exterior migrations to the control group. We exam‑
ined their middle‑ and exterior‑letter transposition rate when reading‑then‑signing writ‑
ten migratable words (Section 3.1.2) and when reading‑then‑signing fingerspelled migrat‑
able words (Section 3.2.2). For written words, both Alon and Yona performed significantly
more middle‑letter transpositions than the controls (control M = 1%, SD = 1%; Alon = 8%,
t(30) = 6.89, p << 0.0001; Yona = 14%, t(30) = 12.79, p << 0.0001). Importantly, their rate
of exterior‑letter transpositions was comparable to that of the controls (control M = 0%,
SD = 0%; Alon = 0%; Yona = 0.6%). A strikingly similar pattern was observed in finger‑
reading. When reading‑then‑signing fingerspelled words, both participants also per‑
formed significantly more middle‑letter transpositions than the controls (M = 7%, SD = 5%;
Alon = 34%, t(12) = 5.20, p = 0.0001, Yona = 25%, t(12) = 3.47, p = 0.002). Again, their exterior‑
letter transpositions were comparable to those of the controls (Yona = 0%; M controls = 0%,
SD = 1%) or at a much‑lower rate than middle‑letter transpositions (Alon = 3%).

3.4. Assessing Additional Skills—Intact Processes
3.4.1. Reading‑Then‑Signing Multi‑Digit Numbers

If the letter‑position errors made by Alon and Yona are due to a general visuo‑spatial
deficit, we would expect that not only words but also other types of visually presented
stimuli that are sequences of symbols, such as numbers, would show transpositions. To
test whether reading numbers leads to similar errors, we administered a task of reading‑
then‑signing multi‑digit numbers.
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Method

We presented the participants with 60 multi‑digit numbers of three to six digits,
printed on a sheet one under the other (MAYIM battery, Dotan & Friedmann, 2014; see
also Friedmann et al., 2021, and Haluts et al., 2025). We requested the participants to read
each number and sign it in ISL.

Results

Alon and Yona performed comparable to the controls when reading‑then‑signing
numbers (Alon = 83% correct; Yona = 90%; M controls = 88%, SD = 8%, N = 24). Specifi‑
cally, Alon and Yona did not make any transposition errors in this task.

The performance of Alon and Yona for reading‑then‑signing multi‑digit numbers
shows a sharp contrast with their performance for reading‑then‑signing written and fin‑
gerspelled words. Although they make mostly letter‑position errors and errors with dou‑
bled letters when readingwords, as expected in LPD, theymake absolutely no order errors
when reading numbers. This shows a dissociation between the cognitive processes under‑
lyingword and number reading, in linewith previous findings fromhearing speakerswith
LPD and with dysnumeria (Dotan & Friedmann, 2019). It also rules out a general visual
account for their transposition errors in reading words.

3.4.2. Serial Recall Tests

If the letter‑position errors are related to impaired phonological working memory
(pWM), we would expect both participants with impairment to perform poorly on pWM
tasks. To assess participants’ pWM, we used serial recall tasks of existing signs and of
pseudo‑signs, in which the participants had to see, hold in memory, and repeat sequences
of signs (from the SIMBA test battery for working memory in ISL, Haluts & Friedmann,
2019; see Haluts & Friedmann, 2026, in press).

Method

Participants were presented with sets of signs increasing in length from 2 to 5 signs in
each set, with five sets for each length. The span score for each participant was determined
by themaximum length (i.e., number of items) for which they could correctly recall at least
three sets. For two correct sets for a given length, we added 0.5 points to their span score
(e.g., Alon could repeat three sets of three items and two sets of four items, so his span
was 3.5).

Results

BothAlon andYonahad spans comparable to the controls for pseudo‑signs (Alon = 3.5;
Yona = 2; M controls = 2.44, SD = 0.50, N = 36). In the existing signs span test, Alon showed
a span comparable to the controls (Alon = 5; control span M = 4.26, SD = 0.62), and Yona
showed a span that was smaller than that of the controls (Yona = 3, t(39) = 2.01, p = 0.026).

Alon’s intact (and even relatively high) performance on serial recall suggests that his
errors with letter position in finger‑reading cannot be attributed to a pWMdeficit, suggest‑
ing another dissociation between phonological processing of signs and pseudo‑signs and
the processing of fingerspelling.

4. Discussion
This study reports two cases of deaf signers with letter position dyslexia for both writ‑

ten and fingerspelled words. It forms the first report of a selective type of dyslexia in deaf
signers and the first neuropsychological study to investigate specific types of dyslexia in
this population. It is also the first to explore the way a selective type of dyslexia is man‑
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ifested in the reading of fingerspelling, comparing the way the same type of dyslexia is
manifested in fingerspelled and written words.

We administered a comprehensive battery of reading tasks to two deaf signers who
reported difficulties in reading. Their pattern of errors when reading‑then‑signing written
words sensitive to various types of dyslexia indicated a selective letter position dyslexia, a
deficit in letter position encoding at the stage of orthographic‑visual analysis (Friedmann
& Gvion, 2001; Friedmann & Haddad‑Hanna, 2012; Friedmann & Rahamim, 2007, 2014;
Güven & Friedmann, 2019; Kohnen et al., 2012; Potier Watkins et al., 2023; Traficante et al.,
2024). Their errors included mainly within‑word transpositions with almost no errors of
other types. Their letter position dyslexia manifested not only in reading‑then‑signing but
also in tasks of migratable word–picture matching, in which they showed lower accuracy
(for Yona) and longer RTs (for both participants) formigratablewords, aswell as in a lexical
decision task ofmigratable nonwords and in fingerspelling repetition (finger‑read and then
fingerspell).

4.1. Similar Patterns of Impairment in Reading Written and Fingerspelled Words

Previous research of LPD in the reading of written words has yielded several cen‑
tral characteristics in a variety of tasks, including reading aloud, word–picture matching,
and lexical decision tasks. Transpositions occur mostly with middle letters and very rarely
involve exterior letters (Friedmann & Gvion, 2001; Friedmann & Rahamim, 2007); in addi‑
tion to transpositions, individuals with LPD also make errors of omission for one instance
of a doubled letter, i.e., a letter that appears twice in the word, and also errors of doubling
letters (Friedmann & Rahamim, 2007); errors occur mainly in migratable words and far less
often in non‑migratable words (Friedmann & Rahamim, 2007; Kohnen et al., 2012). These
characteristics were found in hearing participants with LPD in various spoken languages
(Friedmann & Gvion, 2001; Friedmann & Haddad‑Hanna, 2012; Friedmann & Rahamim,
2007; Güven & Friedmann, 2019; Kohnen et al., 2012; Potier Watkins et al., 2023; Toledano
& Friedmann, 2023; Traficante et al., 2024). The pattern of errors that Yona and Alon, the
deaf signing participants, showed in the reading of written words is perfectly in line with
these characteristics. They show transpositions mainly involving middle letters but very
few migrations involving exterior letters; they show errors with doubled letters; and their
errors occur mainly in migratable words.

Importantly, both signers with LPD showed a strikingly similar pattern in finger‑
reading. When reading fingerspelled words, like when reading written words, they per‑
formed mostly middle‑letter migrations, with very few exterior‑letter migrations; they made
errors with doubled letters; and they made errors mainly in migratable words. This pat‑
tern was present both in reading‑then‑signing and in the fingerspelled version of the word–
picturematching. The patternwas also present in tasks that did not involve comprehension—
lexical decision and repetition of fingerspelled words and pseudo‑words.

The fact that the same type of dyslexiawas present in the reading ofwrittenwords and
in the reading of fingerspelled words, together with the finding that the characteristics of
this dyslexia were the samewhen readingwritten and fingerspelledwords, provide strong
evidence that the reading of fingerspelling uses the same cognitive mechanisms as reading
written words in deaf signers.

4.2. Where in the Neuropsychological Model of Reading Is Their Deficit?

Where exactly in the neuropsychological model of reading is their deficit? We suggest
that it is, like previously described cases of LPD, in the orthographic‑visual analyzer, in the
function of letter position encoding.
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A deficit in an earlier, general visuo‑spatial component is ruled out based on their
good reading of multi‑digit numbers, which was at the same level of performance as the
controls. This suggests that their deficit lies in a stage that is already orthographic‑specific.

Their pattern of errors also rules out a deficit at a stage that follows the orthographic‑
visual analyzer, the orthographic input buffer (OIB). The OIB holds the output of all
the functions of the orthographic‑visual analyzer, including letter identity, letter position
within the word, and letter–word binding. Hence, individuals with this type of impair‑
ment make errors related to all these functions, including errors of letter identity, errors
of letter position including the position of exterior letters, and letter migrations between
words (Friedmann & Coltheart, 2018; Sternberg & Friedmann, 2007, 2009). However, Alon
and Yona showed a very selective deficit, which affected only the position of middle let‑
ters. They did not make other errors that are typical for an OIB deficit: they did not
make letter substitutions, additions, and omissions (when the letter was not doubled)5.
They performed only very few within‑word transpositions that involved exterior letters.
They also did not perform migrations of letters between words, which are very common
in OIB deficits.

Another alternative explanation that is readily ruled out is that Alon andYona’s errors
are simply a reflection of a lexical strategy whereby they are looking, in their vocabulary,
for a close‑enough word that they know, and this is what drives their letter position er‑
rors. This alternative explanation would suggest that when they do not have the target
word in their orthographic lexicon, or when they decode the letter sequence only inaccu‑
rately, they then select an existing word that matches a large enough part of the encoded
letter string. This hypothesis is completely untenable given the results. Had this been
the case, we would also expect letter omissions, additions, and substitutions, as well as
exterior‑letter migrations. We did not see almost any of these errors, as the participants
made middle‑letter migrations almost exclusively. We would also expect errors in non‑
migratable words, which were also not witnessed. Thus, an alternative account, whereby
the errors arise solely from approximate decoding combined with reliance on existing vo‑
cabulary, can be completely discounted.

To conclude, we suggest thatAlon andYonahave a selective deficit in the orthographic‑
visual analyzer, in the function that encodes letter positions. This function receives the
representation of the ordered abstract letter identities together and then analyzes the rela‑
tive letter position of each letter, be it written or fingerspelled. A possible model extension
would be a fingerspelling buffer that holds the sequentially presented letters together and
provides the orthographic‑visual analyzer with the entire sequence of letters for the encod‑
ing of letter order.6

4.3. From LPD in Fingerspelling to the Nature of the Impairment in LPD

Testing signers with LPD enabled us to answer theoretical questions regarding the
nature of this impairment. Because fingerspelling in the surrounding spoken language
alphabet is very common for various items that do not have a sign, such as names, finger‑
reading is also very natural for signers. This allowed us to examine how LPD ismanifested
when reading words spelled one letter at a time with temporal rather than visuo‑spatial
separation between the letters.

The fact that signers with LPD still made transposition errors when they read fin‑
gerspelled words, even though letters in fingerspelled words are visually separately pre‑
sented, suggests that LPD is not a general difficulty in the visuo‑spatial separation of the
letters. For example, some researchers suggested that dyslexia is related to crowding, a
deficit that affects visuo‑spatial separation, which impairs the ability to recognize objects
in clutter (Gori & Facoetti, 2015; Martelli et al., 2009; Spinelli et al., 2002). Although it might
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be that there is a subset of readers who do experience increased crowding (Joo et al., 2018),
crowding cannot underlie LPD, given that in this study, the individuals with LPD also
showed the same effects when letters were presented sequentially, one by one. Rather,
LPD seems to emerge from an orthographic deficit in letter position encoding.

Additionally, in tasks of reading aloud in spoken languages, there is a chance that
transpositions actually result from a deficit in the phonological output, rather than a frank
deficit in the orthographic‑visual analyzer (Toledano & Friedmann, 2023). Namely, an
error of reading “slime” as “smile” can either emerge in the orthographic input stage or
in the phonological production stage. In reading‑then‑signing tasks, this is not an issue,
and a transposition can be confidently ascribed to orthographic input. The signs for “smile”
and “slime” are very different phonologically, so signing one instead of the other cannot be
ascribed to a failure in the phonological output stage. Or, to give an example fromHebrew
and ISL, the two Hebrew migratable words כבלים (KVLIM, “cables”) and כלבים (KLVIM,
“dogs”) differ only in the relative position of two middle letters, but their corresponding
signs are very different with respect to handshape and movement. Therefore, signing one
sign instead of the other cannot result from a phonological error but rather only from an
orthographic input deficit.

4.4. Dissociations with Theoretical Bearing

Our results also show, for the first time in deaf signers, theoretically important dis‑
sociations between different cognitive processes. Alon and Yona performed many letter
transpositionswhen reading‑then‑signingwords; however, they did not perform any digit
transpositions when reading‑then‑signing multi‑digit numbers. Together with our previ‑
ous findings of a deaf signer with dysnumeria who showed errors when reading‑then‑
signing numbers but had a completely intact ability to read words (Friedmann et al., 2021),
this points to a double dissociation between reading words and reading numbers in deaf
signers. This indicates that separate cognitive mechanisms participate in these processes
(as previously shown for hearing speakers, Friedmann et al., 2010b; Güven & Friedmann,
2019; Hannagan et al., 2015; Shum et al., 2013; see Dotan & Friedmann, 2019, for a review).

We also show a dissociation between LPD and an impairment in phonological WM
(pWM). Alon had an intact, and even slightly high, performance with serial recall of exist‑
ing signs and pseudo‑signs, suggesting that his errorswhen reading, andmost importantly
when reading sequentially presented fingerspelled letters, cannot be explained by an im‑
paired pWM.

4.5. Methodological Considerations for the Diagnosis of Dyslexia Types in Deaf Signers

This study proposes a methodology for identifying distinct types of dyslexia in deaf
signers. Because reading aloud is not an ideal method for assessing reading in this
population—due to potential output inaccuracies related to hearing loss rather than true
reading difficulties—alternative tasks are recommended. These tasks include reading‑
then‑signing, word–picture matching, lexical decision tasks, and finger‑reading‑then‑
fingerspelling (i.e., repetition of fingerspelling).

Given that the written language is often not the native language of many deaf signers
nor their main language of communication, test items should be familiar enough for this
population. Additionally, it is essential to ensure that both the target word and potential
error responses have clear, recognizable signs in the relevant sign language and that these
signs are distinct enough—from the target word and from one another—to make errors
observable through signing.
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To accurately map the impairment to a specific component in the neuropsychological
model, it is crucial to incorporate reading tasks that include both written and fingerspelled
words and to compare error patterns across these two modes of presentation.

To identify the whole spectrum of dyslexia types (Friedmann & Coltheart, 2018), the
tasks have to include target words that are sensitive to the detection of all known types of
dyslexia (migratable words, word pairs that allow for letter migration between them, non‑
words, irregular and unpredictable words, morphologically complex words, long words,
function words, and more).

5. Conclusions
This study shows, for the first time, the manifestation of letter position dyslexia in

fingerspelling. It has theoretical‑neuropsychological contributions regarding the nature of
this impairment and the cognitive systems involved in reading in deaf signers: it shows
that LPD is an impairment in the encoding of letter position rather than general visuo‑
spatial analysis. It also shows that the cognitive mechanisms underlying the reading pro‑
cess are shared by hearing speakers and deaf signers and for reading written and finger‑
spelled words. The study also has clinical and methodological contributions by demon‑
strating how selective reading impairments can be identified in deaf signers, which may
enable better diagnosis and better treatment of dyslexia in deaf signers, when they read
written words and when they read fingerspelled words.

Author Contributions: Conceptualization, N.F., D.L. and N.H.; methodology, N.F., D.L. and N.H.;
software, N.H.; validation, N.F., D.L. and N.H.; formal analysis, N.F., D.L. and N.H.; investigation,
N.F., D.L. and N.H.; resources, N.F.; data curation, N.F.; writing—original draft preparation, N.H.
and N.F.; writing—review and editing, N.F., D.L. and N.H.; visualization, N.F., D.L. and N.H.; su‑
pervision, N.F.; funding acquisition, N.F. All authors have read and agreed to the published version
of the manuscript.

Funding: This research was funded by the Israel Science Foundation, grant number 2777/24.

InstitutionalReviewBoardStatement: The studywas conducted in accordancewith theDeclaration
of Helsinki, and approved by the Institutional Review Board of Tel Aviv University (protocol code
0002487, 21 December 2020).

InformedConsent Statement: Informed consentwas obtained fromall subjects involved in the study.

Data Availability Statement: The original contributions presented in this study are included in the
article. Further inquiries can be directed to the corresponding author.

Acknowledgments: We are grateful to Orna Levy for identifying that Yona has dyslexia and for
administering the initial testing and for referring Yona to us. We wholeheartedly thank Yona and
Alon for their generous commitment to this study, and for their patient and dedicated participation
throughout the process. We are also grateful to Aviah Gvion and Hadar Fisher‑Green and other
members of the Language and Brain Lab for many deep and fruitful discussions of the study.

Conflicts of Interest: The authors declare no conflicts of interest.

Notes
1 In this task as well as the parallel task for finger‑reading (Section 3.2.3), we excluded outliers—items in which a participant

had RTs longer than 3 SD of their mean RT—which resulted in the exclusion of 0–3 items for each participant (written version:
mean = 1.47 items, SD = 0.73; fingerspelled version: mean = 1.64, SD = 0.70).

2 For the analysis involving RTs, we only used items for which the participants responded correctly. Taking into account all of the
items leads to similar patterns.
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3 The fingerspelling was presented in a video (rather than by live signing) to ensure all the participants were tested with the exact
same stimuli. However, if a participant had difficulty understanding a specific item in the video, the native signer experimenter
was present in the room and could fingerspell it to them.

4 On this test, RTs are harder to interpret, because we calculated them from the moment the video of the fingerspelling disap‑
peared and the two pictures appeared on the screen; however, we assume that orthographic‑visual analysis begins during the
video presentation.

5 Alon and Yona did make some morphological errors in some reading and signing tasks, in which they signed the correct root
but with an incorrect morphology. However, when they saw a written and fingerspelled word and fingerspelled it, they did
not make any morphological errors, suggesting that the input orthographic stages did not lead to the morphological errors.
We suggest that these morphological errors in signing morphologically complex Hebrew words resulted from Alon and Yona’s
unfamiliarity with the target Hebrew words, leading them to sign them according to the root in a morphological template that
created a Hebrew word they did know. The fact that Yona often said she did not know the target Hebrew words or their
corresponding sign supports this conclusion, as it indicates her relatively small vocabulary, which may lead her to try and
comprehend words based on their root.

6 There may be a selective deficit in this input buffer responsible for holding fingerspelled letters together. In this case, we expect
a deficit in reading fingerspelling but not in reading written words, and we predict this stage to be sensitive to word length
(number of letters).
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