
Marija Jozipović, Mihaela Đurenec, Mirjana Lenček, Matea Zrinjski: Reading aloud in a language with transparent orthography...

116

READING ALOUD IN A LANGUAGE WITH TRANSPARENT 
ORTHOGRAPHY: CHARACTERISTICS OF ADULTS WITH 

DYSLEXIA
1MARIJA JOZIPOVIĆ*, 2MIHAELA ĐURENEC, 1MIRJANA LENČEK, 3MATEA ZRINJSKI

1 University of Zagreb, Faculty of Education and Rehabilitation Sciences, Borongajska 83f, 10000 Zagreb, Croatia, 
contact: marija.jozipovic@erf.unizg.hr

 2University of Zadar, Mihovila Pavlinovića 1, 23000, Zadar, Croatia 
3Centar za odgoj, obrazovanje i rehabilitaciju Križevci [Center for rehabilitation Križevci, Croatia],  

Matije Gupca 36, 48260, Križevci, Croatia

Abstract: Dyslexia is a lifelong condition whose manifestations change with age (Davies et al., 2017). Although dyslexia 
may present differently in adulthood than in early childhood, the associated difficulties persist, particularly in reading accuracy, 
reading rate, and comprehension. These difficulties are particularly pronounced when reading pseudowords, unfamiliar words, 
or complex texts, and they are often accompanied by a persistent lack of self-correction (Pedersen et al., 2016; Provazza et al., 
2019; Re et al., 2011; Reis et al., 2020). However, little is known about the characteristics of dyslexia in adulthood, particularly 
in languages with transparent orthographies (Reis et al., 2020). The aim of this study was to investigate the characteristics of 
adults with dyslexia in reference to reading aloud in Croatian, a language with transparent orthography. The study included 14 
participants: 7 people with dyslexia (PwD) and 7 typical readers (TR, control group). The results indicate that PwD showed 
poorer performance than TR when reading pseudowords, real words, and texts, since they make more types and number of errors 
and are less inclined to correct these errors. However, the most persistent and striking feature of dyslexia in adulthood continues 
to be slow reading. This is consistent with the results of several studies based on transparent languages (e.g., Re et al., 2011; 
Reis et al., 2020, Suárez-Coalla & Cuetos, 2015). In the group of PwD, substitutions, omissions, and additions of graphemes 
and morphemes were most frequent, followed by substitutions of whole words. The error patterns of most participants indicate 
so-called phonological dyslexia.
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INTRODUCTION 

Reading in adults with dyslexia: 
characteristics and challenges

Dyslexia is an alternative term for a specific 
learning disorder characterised by persistent dif-
ficulties with reading accuracy, reading fluency, 
and reading comprehension, despite the individ-
ual having at least average intellectual ability 
and access to regular educational opportunities 
(American Psychiatric Association [APA], 2013). 
Although dyslexia is often identified in childhood, 
it is a lifelong condition whose manifestations 
evolve with age (Davies et al., 2017). These chang-
es require careful adaptation of definitions and di-
agnostic criteria when assessing adolescents and 

adults with dyslexia (Roitsch & Watson, 2019). 
While younger children with dyslexia typically 
exhibit many decoding errors, older individuals 
often develop compensatory strategies that mask 
some of these difficulties. In adults, subtle reading 
errors and increased cognitive effort are observed, 
rather than frequent, overt decoding errors (Re 
et al., 2011; Reis et al., 2020). Although dyslex-
ia in adults can manifest in different ways com-
pared to early childhood, challenges can still exist 
in terms of reading accuracy, especially in terms 
of reading rate and comprehension, particularly 
when reading unfamiliar words, pseudowords, or 
texts (Provazza et al., 2019; Re et al., 2011; Vizzi 
et al., 2025). Some authors argue that these dif-
ficulties are particularly apparent with long and 
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linguistically complex texts (Bazen et al., 2020; 
Carioti et al., 2021; Fletcher et al., 2007; Hulme 
& Snowling, 2016; Lenček, 2012; Warmington 
et al., 2013), as well as in the presence of time 
constraints (Gelbar et al., 2016; Re et al., 2011; 
Snowling, 2013). Accordingly, text reading re-
mains a consistent and reliable measure for as-
sessing the reading skills of people with dyslexia 
(PwD) throughout their lifespan, at least in terms 
of reading rate, which is consistently somewhat 
slower than in typical readers (TR). Others argue 
that when reading texts, as opposed to reading lists 
of pseudowords or real words, the individual can 
rely on the context. Hence, over time, it becomes 
increasingly challenging to identify PwD by sole-
ly observing the process of reading texts (see, 
e.g., Stanovich, 2000).  Therefore, in research on 
reading in older PwD, a range of materials is typ-
ically used, including lists of pseudowords, lists 
of real words, and text. Pseudoword reading pri-
marily assesses phonological decoding, while real 
word reading also involves visual familiarity and 
lexical processing (Kuvač Kraljević et al., 2022; 
Rathvon, 2004). It is recommended to assess 
pseudoword reading before real word reading to 
avoid semantisation effects that could influence 
decoding (Lenček, 2012). When reading texts, 
two approaches are commonly distinguished. 
Technique-focused reading emphasises accurate 
pronunciation and fluency, and does not assess 
comprehension, cognitive resources are primari-
ly devoted to decoding. In contrast, comprehen-
sion-oriented reading prioritises understanding, 
analysing, and integrating the content, often ben-
efiting from silent reading, which allows control 
over pace and revisiting complex sections (Fuma-
galli et al., 2019). Because these tasks differ, it is 
important to clearly inform participants about the 
reading goal in such research studies. Difficulties 
in comprehension can negatively affect fluency 
(Álvarez-Cañizo et al., 2015), highlighting the 
bi-directional relationship between fluency and 
comprehension. Specifying whether only tech-
nique or comprehension is expected helps partic-
ipants allocate cognitive resources appropriately. 

Nevertheless, regardless of task type there is 
insufficient data on reading in adults with dyslex-

ia (Vizzi et al., 2025), especially on the types of 
errors they make and how often they recognise 
and correct them. Previous research suggests that 
adults with dyslexia make word substitutions 
based on semantic (e.g., view instead of ‘scene’) 
or phonological similarity (e.g., here instead of 
‘hear’), or even omissions, substitutions, and addi-
tions of graphemes or morphemes, and metatheses 
(De Rom & Reybroeck, 2024; Elbro et al., 1994; 
Lenček et al., 2012; Reis et al., 2020). Metathesis 
occurs when the position of graphemes in a word 
is swapped, when the graphemes in question are 
not next to each other. In other words, this type of 
error involves the transposition of non-contiguous 
graphemes or phonemes within a word. It leads 
to the misreading of the word, as the order of the 
graphemes is changed, but the error still results in 
a sequence that could resemble the original form 
of the word (e.g., reading the name of Croatia’s 
capital city as Zabreg, instead of ‘Zagreb’).  In ad-
dition, it is known that people with reading diffi-
culties often process pseudowords by giving them 
meaning, most of the time relying on their phono-
logical or orthographic similarity to known words 
or to the context, which is known as semantisa-
tion of pseudowords (e.g., de Carvalho Rodrigues 
et al., 2023; Ramljak, 2021). This phenomenon 
occurs because PwD rely more on semantic pro-
cessing than on phonological decoding in reading, 
which stems from their phonological deficit (van 
Rijthoven et al., 2018). Moreover, due to difficul-
ties in phonological processing, syllabic reading 
can persist in adulthood. It is the act of correctly 
syllabifying a word, but being unable to combine 
these syllables into a complete word (blend them, 
i.e., synthetise them), which is ultimately the goal 
and definition of reading (Adams, 1994; Perfetti, 
2007; Stanovich, 1986). Furthermore, PwD have 
a less active error-detection mechanism during 
reading than their typical peers (Horowitz-Kraus, 
2016). Self-correction is another important aspect 
of skilled reading that reflects the reader’s ability 
to recognise and correct errors in real-time (Clay, 
1969). Research on children has long shown that 
proficient readers self-correct more frequently 
and more effectively than less proficient readers 
(Mudre & McCormick, 1989; Whaley & Kibby, 
1981). However, studies on adults are still limited. 
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Pedersen et al. (2016) found that adults with dys-
lexia produced more reading errors than their peers 
without dyslexia. While both groups attempted 
to self-correct their errors, PwD were only able 
to successfully correct 13% of their errors, com-
pared to 20% in the control group. In addition, 
studies show that adults with dyslexia correct 
fewer meaning-altering errors, which can further 
impair comprehension (Clay, 1969; Nes Ferrara, 
2005). These research findings on self-correction 
suggest a weaker link between phonological pro-
cessing and semantic integration (Lindamood & 
Lindamood, 1992), that is, a weaker integration 
and fine-tuning of the two reading routes - phono-
logical (i.e., sublexical) and lexical - according to 
the dual-route model of reading (Coltheart et al., 
2001; Coltheart, 2005; 2006).  

The differences in reading characteristics be-
tween adults with and without dyslexia, as well 
as between children with dyslexia and adults with 
dyslexia (Singleton, 2005), highlight the need to 
identify continuous, age-appropriate diagnostic 
indicators of dyslexia. The next sections examine 
these indicators, how orthographic transparency 
shapes adult reading profiles, and why these con-
siderations are particularly relevant for Croatian.

Effects of orthographic transparency on 
reading in adults with dyslexia

While research on adults with dyslexia is lim-
ited, there is even less evidence on the character-
istics of this disorder in transparent orthographies 
(Reis et al., 2020; Vizzi et al., 2025). Most re-
search on dyslexia relates to the English language 
and cultural context. Many European orthogra-
phies, including Croatian, are more regular and 
transparent. Research indicates that dyslexia man-
ifests differently depending on orthographic depth 
(e.g., Arfé et al., 2020; Bigozzi et al., 2015; Car-
avolas, 2005; Daniels & Share, 2017;  Landerl et 
al., 1997; Soriano & Miranda, 2010; Verhoeven & 
Keuning, 2017; Wimmer & Shurz, 2010; Ziegler 
et al., 2003). It is therefore reasonable to assume 
that orthographic transparency could also influ-
ence developmental changes in reading and writ-
ing abilities in individuals with difficulties in these 
domains, i.e. changes in how dyslexia manifests 

in adulthood compared to childhood. Orthograph-
ic transparency is not a binary category, but rather 
a continuum in which orthographies are more or 
less transparent (Babayiğit, 2022). On this contin-
uum, English and Croatian would be at two ends 
of the continuum: Croatian has an orthography 
that is among the closest to a 1:1 correspondence 
between graphemes and phonemes, with minimal 
exceptions, such as phoneme place or voicing as-
similation and the use of digraphs (e.g., /lj/, //nj/, 
/dž/), representing single phonemes (Lenček & 
Anđel, 2011). According to the orthographic depth 
hypothesis, shallow (transparent) systems tend 
to preserve accuracy and shift group differences 
toward rate and effort, whereas deep (opaque or 
non-transparent) systems amplify accuracy and ir-
regular-word difficulties (e.g., Ziegler & Goswa-
mi, 2005). Therefore, findings about reading, par-
ticularly in populations with language difficulties 
or disorders such as dyslexia, cannot simply be 
adopted or translated from research on the English 
language and cultural context. Instead, it is neces-
sary to investigate the specific features of dyslexia 
in highly transparent languages such as Croatian. 
Research shows that PwD have pronounced dif-
ficulties with reading accuracy, reading rate, and 
reading comprehension in opaque orthographies 
such as English, French, and Danish (e.g., Carioti 
et al., 2021; Kirby, 2018). In these orthographies, 
inconsistent grapheme-phoneme correspondenc-
es lead to more pronounced reading difficulties, 
which reflect the underlying phonological dif-
ficulties of PwD even more strongly (Carioti et 
al., 2021; Reis et al., 2020). In contrast, decod-
ing in transparent orthographies such as Spanish, 
Italian, or Polish may improve with age in PwD. 
Still, slow reading rates with increased cognitive 
effort remains one of the most pronounced and 
lifelong dyslexia characteristics, especially when 
reading longer pseudowords or low frequency 
words (Re et al., 2011; Reis et al., 2020; Suárez-
Coalla & Cuetos, 2015; ). Even learning to read 
in transparent orthographies with more consis-
tent letter-sound relationships does not entirely 
eliminate reading errors (Kuvač Kraljević et al., 
2024; Lenček & Anđel, 2011; Lenček et al., 2012; 
Suárez-Coalla & Cuetos, 2015). Yet adults with 
dyslexia do make fewer decoding errors compared 
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to their early childhood. Therefore, in adulthood, 
self-correction may be less pronounced for sim-
ple words in transparent orthographies, but can 
be present when reading longer or less frequent 
words (Suárez-Coalla & Cuetos, 2015). 

These findings emphasise the importance of 
measuring both reading accuracy and reading rate 
in adult readers, even in languages where decod-
ing is expected to improve significantly with age 
in individuals with dyslexia. A meta-analysis of 
178 studies by Reis et al. (2020) confirmed that 
adults with dyslexia performed worse than control 
groups on various reading tasks, including word 
reading, pseudoword decoding, text reading and 
spelling, regardless of orthographic depth. The 
most significant differences occurred in tasks that 
required rapid decoding, such as reading longer 
pseudowords and low frequency words. They 
also showed that, in order to fully understand the 
universal and language-specific characteristics 
of dyslexia in adults, it is essential to investigate 
how dyslexia manifests in different languages and 
orthographies. 

For example, as previously mentioned, the du-
al-route model describes two partially independent, 
but interactive routes involved in reading: a sub-
lexical (indirect) route used for regular words and 
pseudowords, as well as a lexical (direct) route, 
which recognises high-frequency and/or famil-
iar words through whole-word retrieval (i.e., by 
activating stored orthographic representations) 
and is also used for irregular words where graph-
eme-to-phoneme conversion (i.e., applying rules) is 
insufficient and an alternative strategy is required. 
When applying the dual-route model to explain 
dyslexia, it is assumed that the phonological (sub-
lexical) route is impaired in phonological dyslexia, 
the lexical route is impaired in surface dyslexia, 
and both the phonological route and, partially, the 
lexical route is impaired in deep dyslexia. It should 
be noted that differences in orthographic transpar-
ency influence how these routes are used. For ex-
ample, Ardila and Cuetos (2016) explained, that in 
transparent orthographies such as Spanish, skilled 
readers increasingly rely on the lexical route over 
time, especially for high-frequency words. Due to 
the language’s transparency, features of deep dys-

lexia are rare, whereas phonological or surface 
dyslexia is more likely. Despite Spanish having a 
completely transparent orthography, readers still 
use a system that may include both routes working 
together, as seen in opaque orthographies, yet the 
lexical route is used less than in English because 
the sublexical route is less demanding of resources 
and can be used very efficiently by skilled readers. 
However, it is expected that individuals with read-
ing disorders, such as phonological dyslexia, may 
rely more on the lexical route as a compensatory 
strategy even in transparent orthographies, because 
their reading is not yet fully automatised. However, 
this reliance does not always result in accurate read-
ing. Verhoeven and Keuning (2017) also conclud-
ed that in Dutch, a language with semi-transparent 
orthography, PwD show a phonological deficit and 
persistent problems with phonological recoding 
of orthographic representations. Therefore, due to 
difficulties in phonological processing, we would 
expect classic decoding errors in dyslexia, even in 
transparent languages, but we would also expect er-
rors in the use of the lexical route, since its overuse 
as a compensatory strategy can lead to errors when 
it is applied inappropriately for the given stimulus 
(e.g., word that needs to be decoded because of its 
characteristics). On the other hand, in transparent 
languages, surface dyslexia can still occur. The 
transparency of the orthography facilitates decod-
ing, so the sublexical route generally functions 
well. The errors are therefore not a result of overre-
liance on the lexical route or poor dynamic coordi-
nation between the two routes,  but rather reflect a 
difficulty in reading via the direct lexical route, that 
is, in accessing the orthographic mental lexicon. As 
a result, individuals with dyslexia misread words 
that cannot be accurately processed through sim-
ple letter-to-sound conversion, such as words with 
unusual stress patterns or other exceptions, i.e., ir-
regular words (Zoccolotti et al., 1999). In Croatian, 
irregular words are generally absent, but this can 
apply to loanwords that retain features of the orig-
inal orthography, such as chef [šef], or to homo-
graphs like kupìti (to buy something with money, 
perfective verb) versus kúpiti (to gather something 
from the floor, imperfective verb). It is also possi-
ble that the characteristics and profile of dyslexia 
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change with development, since the dynamics and 
balance of reliance on these two pathways actually 
shift as reading evolves (Ardila & Cuetos, 2016). 
Finally, in transparent orthographies, as decoding 
accuracy for familiar and regular items approach-
es ceiling, group differences between PwD and 
TR shift towards reading rate and cognitive ef-
fort, especially for long and low-frequency items, 
words with dense consonant clusters or diacritics, 
as well as reading under time pressure. However, 
from the perspective of the dual-route model, al-
though a language is highly transparent and thus 
facilitates sublexical processing during reading, if 
it is morphologically complex, an additional lay-
er of segmentation and recombination is required 
(e.g., prefixes, suffixes, inflections, compounding). 
This places additional demands on decoding. Thus, 
transparency is not the only language feature that 
influences reading as explained by this model and 
the reading routes in general, since morphological 
parsing requires precise letter-position information 
(Grainger & Ziegler, 2011). 

Perspective and data from Croatian 

The Croatian language has a very transparent 
orthography. This enables children to achieve 
basic decoding accuracy earlier than their peers 
in opaque languages (Kelić et al., 2021; Kuvač 
Kraljević et al., 2024). However, decoding suc-
cess alone does not imply reading proficiency, and 
many features of dyslexia in Croatian, especially 
in adults, are not yet fully known and explained.

Some specific reading errors have been de-
scribed in Croatian, mainly in children with lan-
guage disorders such as dyslexia (Lenček, 1994; 
Kolundžić, 2009; Lenček et al., 2007; Vancaš, 
1999). Common errors include the substitutions 
of p/b/d, s/z, and m/n, as well as the addition of 
additional graphemes, especially vowels, into the 
consonant cluster to support oneself in reading. 
The omission of graphemes has also been report-
ed in some cases (Lenček &Ivšac, 2007; Vitas, 
2003). Reading pseudowords containing graph-
emes specific to the Croatian alphabet (/č/, /ć/, /dž/, 
/đ/, /lj/, /nj/, /š/, /ž/)  poses an additional challenge 
for decoding. Although both typically developing 
children and those with dyslexia mainly produce 

similar types of errors, the number of those errors 
is significantly higher in children with dyslexia. 
Moreover, children with dyslexia sometimes make 
rare types of errors that do not occur in children 
without reading difficulties (Lenček, 1994; Lenček 
& Ivšac, 2007). Although these studies primarily 
document reading errors in childhood, evidence 
suggests that many difficulties persist in adulthood, 
emphasising the need to investigate how these 
early patterns develop or change. However, there 
are only a few studies addressing the manifesta-
tion of dyslexia in adulthood in the Croatian lan-
guage (Lenček, 2012; Olujić Tomazin et al., 2023; 
Perkušić Čović et al., 2024). Some of these stud-
ies have focused on writing (Lenček, 2012; Olujić 
Tomazin et al., 2023), while others have exam-
ined reading (Lenček, 2012; Perkušić Čović et al., 
2024). However, only Lenček (2012) investigated 
reading at all levels, from words and pseudowords 
to text. In a study involving 21 university students 
with dyslexia and 21 control participants, Lenček 
(2012) compared the reading and writing skills of 
PwD and TR. Among other things, the accuracy 
and rate of decoding lists of (pseudo)words, as well 
as the rate of silent reading and reading compre-
hension, were measured. PwD showed significant-
ly poorer performance than TR in all tasks, espe-
cially in reading rate and reading comprehension. 
Error analysis of word decoding showed that vow-
els were frequently inserted in pseudowords within 
consonant clusters, along with the typical substitu-
tion of p/b/d. In Croatian, self-correction patterns 
during reading in adults with dyslexia continue to 
be unexplored at the text level. Data on reading 
texts in Croatian could provide deeper insights into 
language-specific error types and self-correction 
during reading in adults with dyslexia.

Aim and hypotheses

Guided by cross-linguistic findings on dyslexia 
in adults (Reis et al., 2020; Suárez-Coalla & Cue-
tos, 2015), this study investigates whether Croa-
tian-speaking adults with dyslexia differ from TR 
in the following aspects of reading aloud: reading 
accuracy, reading rate, and self-correction of read-
ing errors. Although many adults develop com-
pensatory strategies, research consistently shows 
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that slower reading persists even in languages with 
transparent orthographies (Reis et al., 2020). Clay 
(1969) and Lindamood and Lindamood (1991) 
predicted that adults with dyslexia self-correct less 
efficiently due to persistent difficulties in error de-
tection and phonological monitoring. Assessment 
of these components can provide a profile of adult 
reading performance and help explain how dyslex-
ia affects reading process and error management 
(Brysbaert, 2019; Pedersen et al., 2016). Therefore, 
the aim of this study was to examine the character-
istics exhibited by adults with dyslexia when read-
ing aloud in Croatian, a language with a transparent 
orthography. The purpose is to identify the charac-
teristics and difficulties present in these individuals 
and how their reading differs from that of TR, in 
order to better understand their needs and provide 
appropriate systematic intervention in education 
and employment.

Based on the literature review and the research 
aim, the following research questions were for-
mulated:
RQ1: Are there differences in reading aloud accu-
racy between PwD and TR?
RQ2: Are there differences in reading aloud rate 
between PwD and TR?
RQ3: Are there differences in the percentage of 
self-corrections of reading aloud errors between 
PwD and TR?
RQ4: What types and extents of reading errors do 
PwD and TR make when reading aloud?

Based on the research questions, the following 
hypotheses were formulated:
H1: There is a statistically significant difference 
in reading accuracy between PwD and TR when 
reading pseudoword lists, word lists, and text, 
with TR being more accurate than PwD. 
H2: There is a statistically significant difference 
in reading rate between PwD and TR when read-
ing pseudoword lists, word lists, and text, with TR 
reading faster than PwD.
H3: There is a statistically significant difference 
in the amount of self-correction of reading errors 
between PwD and TR, with TR self-correcting 
their reading errors at a higher percentage.

METHOD

Participants 

In this study, the sample of participants is 
non-probabilistic, i.e., a voluntary sample, con-
sisting of a total of 14 participants. All partici-
pants were female. The mother tongue and first 
language of all participants is Croatian, which is 
also the primary language of their education. The 
group of PwD included seven fourth-year high 
school students from the city of Zagreb. After a 
team assessment conducted by a psychologist and 
a speech-language pathologist, the speech-lan-
guage pathologists diagnosed them with dyslexia. 
The control group of TR included seven first-year 
undergraduate students of Speech-Language Pa-
thology at the Faculty of Education and Rehabil-
itation Sciences (University of Zagreb). These 
students were selected as a control group because 
they met the criteria for speech, language, and 
voice assessment during the admissions process. 
This assessment includes a short interview with 
two examiners, a reading aloud task with a given 
text, and, if necessary, a specific examination of 
speech mechanism and articulation patterns. No 
preparation is required, and the assessment is de-
signed to evaluate a range of speech, language, and 
voice characteristics typically acquired from early 
childhood through school age. A passing result in-
dicates the absence of noticeable deviations such 
as hearing impairments, articulation disorders 
(auditorily and/or visually noticeable or structur-
ally conditioned), atypical rhythm or speech rate, 
voice quality deviations, or reading difficulties. 
In addition, as part of the admissions process, all 
participants in the TR group presented a medical 
certificate confirming at least average cognitive, 
emotional, and perceptual ability.  However, since 
they are still at the beginning of their studies and 
do not yet have specific knowledge in the field of 
speech-language pathology, they could serve as 
naive participants in this research study. TR and 
PwD were matched by gender and age. The demo-
graphic data of the participants are listed in Table 
1.
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Table 1. Demographic data on participants

Group n Age (year; month)
M SD

PwD 7 18; 6 0; 6
TR 7 18; 11 0; 4

n, number of participants; PwD, people with dyslexia; TR, typical 
readers; M, mean; SD, standard deviation

MATERIALS

In this study, internal materials of the Teaching 
and Clinical Centre of the Faculty of Education 
and Rehabilitation Sciences of the University of 
Zagreb were used as measuring instruments: (1) a 
pseudoword list and (2) a real word list, both devel-
oped for scientific and professional purposes. The 
word and pseudoword lists were created as part of 
Lenček’s (2012) research based on her many years 
of scientific and clinical experience with chil-
dren and adults with dyslexia.  The pseudoword 
list is based on the method of syllable concatena-
tion (König et al., 2020). Both lists can be found 
in the Appendix. The (pseudo)words on both lists 
are made more complex through a combination of 
increased length (number of graphemes) and seg-
mental complexity (the number of syllables, as 
well as the length and structure of consonant-vow-
el combinations). For a detailed overview of the 
characteristics of (pseudo)words, please see Table 
2 and Table 3. Note that from the beginning to the 
end of the real word list, frequency decreases from 
4.6 and tends towards 2 (on 0-5 point scale, based 
on psycholinguistic features available from data on 
Croatian - Kuvač Kraljević & Olujić, 2018)

Table 2. Length and structure of pseudowords on the list

Length in  
graphemes

Length in  
syllables Syllabic structure

5 2 CC-CVC
7 2 CCV-CCVC
8 3 CV-CCV-CVC
9 4 V-CV-CV-CCVC
9 4 CV-CV-CV-CVC
11 5 CV-CV-CV-CCV-CV
11 5 CV-CV-CV-CV-CVC
10 4 CV-CV-CCV-CVC
12 5 CV-CV-CV-CV-CCVC
12 5 CV-CV-CCV-CCV-CV

Table 3. Length and structure of words on the list
Length in 

graphemes
Length in 
syllables Syllabic structure

3 1 CVC
5 2 CV-CCV
5 2 CC-CVC
7 3 CV-CCV-CV
10 3 CCC-CCV-CVCC
7 3 CVC-CV-CV
12 5 CV-CV-CV-CCV-CCV
9 3 CVC-CCV-CVC
15 6 CCV-CV-CCV-CV-CV-CCV
10 5 CV-V-CV-CCV-CV
11 6 CV-V-CV-CV-CV-CV
11 4 CV-CV-CCVC-CCV
13 5 CCV-CV-CV-CCV-CCV
14 7 CV-CV-CV-CV-CV-CV-CV

20 8 CVC-CV-CCV-CV-CV-
CCVC-CV-CV

The texts1 used in the present study are those 
used in the previously described assessment of lan-
guage, speech, and voice status conducted during 
the admission procedure. These texts are suitable in 
terms of length, linguistic complexity, and content 
for the chronological age and educational level of 
the participants in this study (Ministry of Science, 
Education and Youth, Republic of Croatia, 2019). 
The first text consists of 279 words, the second of 
250 words, and the third of 164 words. The first 
text deals with an everyday topic (shopping and 
generational differences in sustainability), the sec-
ond with space, and the third with an art movement 
from the past century. The texts are rich in graph-
emes from the Croatian language that are phono-
logically and articulatory complex (/s/, /š/, /ž/, /č/, 
/ć/, /l/, /r/), especially when paired into clusters 
(Blaži & Arapović, 2003), as well as with visual-
ly similar graphemes (m/n, b/d, s/z/š/ž), which are 
known to be potentially more challenging for PwD 
(Lenček, 2012). The texts also contain idioms and 
less frequent and less familiar words, for which 
participants are less likely to possess well-devel-

1  Due to confidentiality restrictions and the proprietary na-
ture of the texts used in this study (as they are employed in 
the official admission procedure), these materials cannot be 
made publicly available. Further information about their con-
tent and structure, or access to the texts for inspection, may 
be provided by the authors upon reasonable request.
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oped orthographic representations, thus, a balance 
between visual recognition and decoding during 
reading is also required here. The average word fa-
miliarity in the first text is 3.101, while it is 2.278 in 
the second text, and 1.154 in the third. The average 
word frequency in the first text is 4.199, while it 
is 4.008 in the second text, and 4.097 in the third. 
The average word familiarity for all three texts is 
2.178, and the average frequency is 4.101. The list 
of (pseudo) words was formatted in Arial font, size 
12, with a line spacing of 1.5. The text was also for-
matted in Arial font, size 12, left-aligned, with wide 
margins and divided into paragraphs according to 
the recommendations of Lenček et al. (2022). 

Procedure

All participants signed an informed consent form 
before taking part in the study. The testing was con-
ducted individually in a quiet room, free from any 
distracting factors. All tasks were administered by 
the authors of this paper (speech-language patholo-
gists). A sheet of paper with a list of (pseudo)words 
or the text that the participant was reading was placed 
on the table in front of her. Other papers were re-
moved from the table during this time (e.g., the first 
text, while the second was being read) to avoid pos-
sible visual distractions. The first task always con-
sisted of reading pseudowords, followed by reading 
real words, in order to avoid potential semantisation 
effects after reading words. This was followed by the 
text reading task. The order of the texts varied from 
participant to participant (guided by permutations of 
the possible orders of providing the three different 
texts) in order to avoid possible fatigue effects on 
reading performance for a particular text. Before 
reading the text, the participants were informed in 
advance (before the reading began) that only reading 
technique would be examined, not reading compre-
hension. All participants’ readings were audio-re-
corded and transcribed by two final-year graduate 
students in speech and language pathology, with a 
98% overlap in transcription. 

Data analysis 

Reading accuracy when reading (pseudo)
words was expressed as the number of cor-

rectly read (pseudo)words on the list. The list 
of pseudowords consists of 10 pseudowords; 
therefore, the theoretical score range on the 
pseudoword reading task is from 0 to 10. For the 
real word list, the range is from 0 to 15 points, as 
the list contains 15 words. As the reading of texts 
was assessed based on three different texts, the 
data on reading accuracy and reading rate were 
averaged. For each text, the proportion of correct-
ly read words was calculated as the ratio between 
the correctly read words and the total number of 
words in the text. Therefore, the theoretical range 
of possible scores is from 0 to 1. An approach that 
focuses on correctly read words (see, e.g., van der 
Kleij et al., 2019), rather than counting errors, is 
more justifiable, since PwD may make repeated 
errors on the same word. This means that the total 
number of misread words is not a representative 
measure of reading accuracy itself. Therefore, de-
termining the number of correctly read words and 
then analysing errors is often a better method for 
gaining insight into their reading status. Reading 
rate was expressed as the time taken to read each 
list in seconds. The average reading rate for each 
text was calculated as the arithmetic mean of the 
reading time for all three texts. 

Data analysis included both quantitative and 
qualitative components. The quantitative data 
analysis was performed using SPSS Statistics 
(version 26, IBM). The Shapiro-Wilk test showed 
that the distribution of results for all variables de-
viated significantly from normality (p < 0.05). The 
small number of participants in the groups and the 
overall limited sample size also led to the use of 
non-parametric statistical methods (Mann-Whit-
ney U-test for group comparisons). The differ-
ences in percentage of self-corrections (number 
of self-corrections/errors number) were analysed 
based on the entire material, and not separately 
for each task (material). A separate quantitative 
analysis would not have been very informative, as 
some participants made no errors in certain tasks 
(e.g., TR made very few or no errors at word lev-
el when reading). In the qualitative analysis, the 
types and frequencies of reading errors were an-
alysed. Errors were coded and categorised by the 
first and last authors of the study, showing 87% 
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agreement. Remaining discrepancies between the 
two coders were resolved through discussion, and 
the third author was included when necessary. 
All errors that occurred were analysed, regardless 
of whether the participants corrected them after-
wards, since the corrections were addressed in a 
separate part of the analysis, i.e. the qualitative 
analysis focused on all errors that occurred during 
reading. Although few studies have focused on 
the detailed categorisation and classification of 
reading errors, based on insights from the relevant 
literature and following their approach, errors 
were  classified into the following categories: syl-
labic reading, omission, substitution, or addition 
of a part of a word or an entire word, syntactic 
reversal (word-order changes), pseudoword se-
mantisation, pseudoword creation, and metathesis 
(De Rom & Reybroeck, 2024; Elbro et al., 1994; 
Lenček, 2012; Reis et al., 2020). Guided by the 
approaches and insights of Gerhand et al. (2000), 
Hanley and Gard (1995), and Zabell and Everatt 
(2002), and primarily based on performance in 
individual tasks and types of errors in general, a 
cross-case review of errors is presented from the 
perspective of the dual-route model of reading.

RESULTS 

Reading accuracy

Pseudoword list reading accuracy

The descriptive statistics show a higher av-
erage accuracy in reading pseudowords for TR 
compared to PwD (Table 4). In both groups, the 
maximum score achieved is equal to the max-
imum possible score, but PwD show a greater 
variation in their results and a much lower mini-
mum score compared to TR. However, according 
to the results of the Mann-Whitney U-test, the dif-
ference in pseudoword reading accuracy between 
the two groups was not statistically significant (U 
= 21.000, p > 0.05).

Table 4. Descriptive statistics on the pseudoword list 
reading accuracy

Group n
Pseudowords reading accuracy
C Q min max

PwD 7 9 1.5 4 10
TR 7 10 0.5 8 10

n, number of participants; PwD, people with dyslexia; TR, typical 
readers; C, median; Q, semi-interquartile range; min, minimum; 
max, maximum

Real word list reading accuracy

Table 5, which contains descriptive statistics 
on word reading accuracy, shows differences be-
tween the two groups, with the TR achieving a 
higher score compared to the PwD. Once again, 
the maximum score achieved in both groups cor-
responds to the maximum possible score, but 
PwD show a greater variation in their results and 
a lower minimum score compared to TR. The re-
sults of the Mann-Whitney U-test show a statisti-
cally significant difference with a large effect size 
between the groups in word reading accuracy (U 
= 10.000, p < 0.05, r = 0.53). The TR group read 
the words on the list more accurately (mean rank 
= 9.57) than the PwD group (mean rank = 5.43). 

Table 5. Descriptive statistics on the word list reading 
accuracy

Group n
Words reading accuracy

C Q min max
PwD 7 13 2 11 15
TR 7 15 0.5 14 15

n, number of participants; PwD, people with dyslexia; TR, typical 
readers; C, median; Q, semi-interquartile range; min, minimum; 
max, maximum

Text reading accuracy

First, the data on reading accuracy in text read-
ing was calculated and analysed as the average 
across all three texts. The descriptive statistics 
show that the TR are more accurate in reading 
texts, with the average proportion of words read 
correctly in the texts being higher than that of 
PwD (Table 6). The results of the Mann-Whit-
ney U-test show a statistically significant differ-
ence with a large effect size in reading accuracy 
across the three texts between the two groups (U 
= 7.000, p < 0.05, r = 0.60), with TR reading the 
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texts more accurately (mean rank = 10) than PwD 
(mean rank = 5).

Table 6. Descriptive statistics on text reading accuracy

Group n
Text reading accuracy

C Q min max
PwD 7 0.95 0.06 0.88 0.99
TR 7 0.99 0.01 0.98 1

n, number of participants; PwD, people with dyslexia; TR, typical 
readers; C, median; Q, semi-interquartile range; min, minimum; 
max, maximum

The reading accuracy data for the individual 
texts can be found in Figure 1. Both groups of 
participants achieved the highest accuracy when 
reading Text 1, with almost minimal accuracy dif-
ferences in TR group. In contrast, Text 3 was read 
with the lowest accuracy.

Figure 1. Reading accuracy across different texts
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Reading rate

Pseudoword list reading rate

According to the descriptive statistics, there 
was a difference in the average reading time of the 
pseudoword list between two participant groups 
(Table 7). The Mann-Whitney U-test revealed a 
statistically significant difference with a large ef-
fect size in pseudoword reading speed between 
the two groups (U = 0.000, p < 0.01, r = 0.84). 
PwD required more time to read the pseudoword 
list (mean rank = 11) than TR (mean rank = 4). 
TR read the list of pseudowords almost twice as 
fast as PwD.

Table 7. Descriptive statistics on the pseudoword list 
reading rate

Group n
Pseudowords reading rate 

C Q min max
PwD 7 28 s 9 s 21 s 50 s
TR 7 16 s 2.5 s 13 s 19 s

n, number of participants; PwD, people with dyslexia; TR, typical 
readers; C, median; Q, semi-interquartile range; min, minimum; 
max, maximum

Real word list reading rate

The descriptive statistics show that PwD took 
almost twice as long to read the real word list 
compared to TR (see Table 8). The Mann-Whit-
ney U-test showed that these differences were sta-
tistically significant, with a large effect size (U = 
4.500, p < 0.05, r = 0.68). TR read the real word 
list significantly faster (mean rank = 4.64) than 
the PwD (mean rank = 10.36).

Table 8. Descriptive statistics on the real word list 
reading rate

Group n
Words reading rate

C Q min max
PwD 7 37 s 9 s 24 s 83 s
TR 7 19 s 5 s 17 s 30 s

n, number of participants; PwD, people with dyslexia; TR, typical 
readers; C, median; Q, semi-interquartile range; min, minimum; 
max, maximum

Text reading rate

First, the data on reading rate in text reading was 
calculated and analysed as the average across all 
three texts. Descriptive statistics data is available in 
Table 9. According to the results of the Mann-Whit-
ney U-test, the average time required to read the 
texts differed significantly with a large effect size 
between the two groups of participants (U = 0.000, p 
< 0.01, r = 0.84). PwD needed more time to read text 
(mean rank = 11) compared to TR (mean rank = 4).

Table 9. Descriptive statistics on text reading rate

Group n
Text reading rate

C Q min max
PwD 7 130.33 s* 13 s 122 s 148 s*
TR 7 108 s 6.5 s 86.33 s 114 s

n, number of participants; PwD, people with dyslexia; TR, typical 
readers; C, median; Q, semi-interquartile range; min, minimum; 
max, maximum, *Note: 130.33 represents the C value for PwD after 
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excluding one outlier (a participant with a reading time of 460.67 
seconds), which would otherwise inflate the C to 179.29 and set the 
maximum score.

If we examine the data separately for all three 
texts (Figure 2), it becomes clear that both groups 
needed the most time to read Text 2. PwD read 
Text 1 the fastest, and TR, on the other hand, read 
Text 3 the fastest. 

Figure 2. Reading rate across different texts
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Self-correction of reading errors 

Although the descriptive statistics (Table 10) 
indicate a tendency for TR to self-correct more 
frequently than PwD, the Mann-Whitney U-test 
revealed that this difference was not statistically 
significant (U = 22.000, p > 0.05).

Table 10. Descriptive statistics data on self-correction 
of reading errors

Group n
Self-correction of total 

reading errors
C Q min max

PwD 7 0.31 0.15 0.20 0.92
TR 7 0.40 0.14 0.10 0.78

n, number of participants; PwD, people with dyslexia; TR, typical 
readers; C, median; Q, semi-interquartile range; min, minimum; 
max, maximum

Type and number of reading errors

Group-specific error profiles

For TR, 11 types of errors were identified. As ex-
pected, the following types of reading errors were 
observed: 1) omission of words, 2) omission of mor-
phemes, 3) omission of graphemes, 4) substitution 
of words, 5) substitution of morphemes, 6) substitu-
tion of graphemes, 7) addition of words, 8) addition 

of graphemes, and 9) syntactic reversal. No instanc-
es of metathesis were observed: however, a related 
category, 10) transposition of graphemes, did occur. 
In contrast to metathesis, this category refers exclu-
sively to the interchange of neighbouring graph-
emes, i.e., graphemes that lie next to each other (e.g., 
Croatian Marinerove → Marnierove). Additionally, 
a category of errors was observed among TR that 
extends the initially assumed pseudoword creation 
category, rather than representing an entirely new 
type of error: 11) the distortion of real words into 
pseudowords or non-words. This type of error arises 
when substitutions, omissions, or additions cannot 
be precisely identified due to multiple changes in the 
structure of the real word. For example, a participant 
may read istotno instead of cro. istodobno [simulta-
neously], or nakol instead of cro. naokolo [around]. 
De Rom & Reybroeck (2024) reported similar er-
rors, although they refer to them only as pseudoword 
creation. However, it should be noted that not all 
changes made to a real word result in a form that 
matches the phonemic and phonological structure 
of Croatian, and therefore, some instances are better 
classified not as pseudowords, but as so-called non-
words. Omissions of words included function words, 
such as auxiliary verbs and short conjunctions, while 
omissions of morphemes most frequently involved 
prefixes (e.g., cro. poprilično [quite] read as prilič-
no) or the particle cro. ne [no(n)] used for negation, 
either as a prefix or as a medial morpheme (e.g., cro. 
najnevjerodostojniji [most unreliable] read as cro. 
najvjerodostojniji [most reliable]). It is important to 
highlight that, in Croatian, a morpheme may consist 
of multiple graphemes or a single grapheme (Barić 
et al., 2005). However, this type of error differs from 
the omission of graphemes, which involves indepen-
dent graphemes that do not constitute morphemes. 
The situation is similar to the omission of a word 
consisting of a single grapheme (e.g., cro. i [and]), 
where omitting just one grapheme actually results 
in a new type of error (omission of a word). Sub-
stitutions of words usually occurred when the tar-
get word was replaced by a phonologically similar 
word with the same root (e.g., cro. osjećaj [feeling] 
instead of cro. osjećajnost [sensibility]), or between 
phonologically similar words that are also synonyms 
(e.g., cro. istovremeno instead of cro. istodobno [si-
multaneously]). Occasionally, prepositions were 
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also substituted (e.g., cro. na [on] instead of cro. u 
[in]). Other types of errors in the background, such 
as the substitution, addition, or omission of mor-
pheme(s) or grapheme(s), could also lead to the sub-
stitution of the word itself, although they may occur 
independently without causing a change in the target 
word. They are, therefore, considered a separate type 
of error. The addition of words mostly referred to the 
insertion of a conjunction (such as cro. i [and]) or, in 
some rare cases, another word. Some types of errors, 
such as the omission or substitution of graphemes 
and the addition of graphemes, occurred only rare-
ly in TR. Omissions or substitutions of graphemes 
typically appeared in long, less familiar, and less 
frequent words specific to unusual text topics. Sub-

stitutions of morphemes was hardly ever observed in 
TR and differed from word substitution because the 
lexeme itself remained unchanged while undergoing 
a morphological modification, such as a change of 
suffix. For example, reading a word in the wrong 
case disrupts agreement and creates a morphosyn-
tactic error in the sentence. Additions of graphemes 
were also rare and occurred only with words that are 
extremely uncommon in the language because they 
were terminologically linked to a particular subject 
(topic) of the text that is not usual.

An overview of the types and numbers of er-
rors made by TR according to the source material 
is shown in Table 11. 

Table 11. Types and number of errors made by TR when reading aloud across different tasks (starting materials)
Type of error Number of errors

Pseudowords
omission of grapheme 2

substitution of grapheme 3
transposition of graphemes 1

Real words omission of morpheme 2

Text

omission of word 10
omission of morpheme 4
omission of grapheme 9
substitution of word 10

substitution of morpheme 7
substitution of grapheme 1

addition of word 3
addition of grapheme 2

transposition of graphemes 2
distortion of words into pseudo- or non-words  3

syntactic reversal (word-order error) 6

It should be noted that, across all test materials, 
only two instances were observed where TR made 
more than one of the explained errors on the same 
word (so called mixed errors, De Rom & Reybro-
eck, 2024). In both cases, the errors involved a 
combination of two errors in a single word: once 
it was the substitution of two graphemes in a 
word, another time the omission of a grapheme 
and the transposition of graphemes. Mixed errors 
were not assigned to a separate category, as they 
could be divided into individual errors and includ-
ed in existing categories (types).

All 11 error types observed in TR were also 
observed in PwD, but to a greater extent: some of 
the errors occurred up to several dozen times more 
frequently in the PwD group than in TR. Typical 

dyslexia-related errors were observed when sub-
stituting graphemes (p/b/d, n/m, s/š/z/ž). When 
adding graphemes, typical dyslexic insertions of 
vowels into complex consonant clusters were also 
observed. The main differences in the types of er-
rors that overlap between the two groups include 
the fact that PwD make word substitutions that 
change the word type (e.g., noun to verb or vice 
versa), which was not observed in TR. In addition, 
PwD sometimes omitted content words, whereas 
TR only omitted function words. In addition to the 
types of errors that overlapped between the two 
groups of participants, several other types of er-
rors were observed in PwD, but not in TR. Some 
of these errors were anticipated based on the liter-
ature review and preparation for the analysis, in-
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cluding syllabic reading, addition of morphemes, 
and metatheses (e.g., cro. reljefa [terrain] is read 
as refelja). However, two additional types of errors 
were identified that had not been anticipated: num-
ber naming errors and other uncategorised errors. 
When referring to the addition of morphemes, this 
primarily involved the insertion of a medial mor-
pheme, which resulted in an incorrect case form 
and further disrupted sentence agreement. For ex-
ample, the noun cro. sredstva [means] (N.pl.) could 
be read as cro. sredst-a-va (G.pl.). Number nam-
ing errors are the incorrect reading (or naming) of 
Arabic or Roman numerals in a text (e.g., saying 
cro. devet [nine] for the number 8). Some of these 
digits represent the number of certain elements in 
the text, while others denote calendar years. Other 
uncategorised errors are those errors that cannot be 

classified within any of the defined or newly es-
tablished categories. They occur when a (pseudo)
word contains several different types of errors, 
making it difficult to determine the exact origin of 
the reading error. This category also includes cases 
where the produced form differs substantially from 
the target item, often resulting in a completely dif-
ferent meaning. For example, a participant might 
read cro. navikli [are used to] as cro. na veliki [on 
big], or cro. itekako [of course] as cro. isto tako 
[likewise]. In some cases, it seems that the partici-
pant segmentised part of a pseudoword, producing 
something that could ultimately be classified as a 
non-word.

An overview of the types and numbers of er-
rors made by PwD according to the source mate-
rial is shown in Table 12.

Table 12. Types and number of errors made by PwD when reading aloud across different tasks (starting materials)
Type of error Number of errors

Pseudowords

syllabic reading 2
omission of grapheme 3

substitution of grapheme 11
addition of grapheme 3

transposition of graphemes 2
other (uncategorised) 2

Real words

syllabic reading 4
omission of morpheme 2
omission of grapheme 3
substitution of word 2

substitution of grapheme 2
addition of morpheme 1
addition of grapheme 8

(phonological) metathesis 2
distortion of words into pseudo- or non-words  1

other (uncategorised) 1

Text

omission of word 25
omission of morpheme 22
omission of grapheme 28
substitution of word 140

substitution of morpheme 65
substitution of grapheme 56

addition of word 10
addition of morpheme 6
addition of grapheme 21

transposition of graphemes 5
(phonological) metathesis 2

distortion of words into pseudo- or non-words  17
syntactic reversal (word-order error) 3

number naming error 3
other (uncategorised) 7
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It has been observed that many more of the 
mixed errors are present in PwD than in the TR 
group. It looks PwD make two or three different 
types and/or numbers of errors when reading the 
same exact word.

Cross-case error profile of PwD

The error analysis indicates that the most com-
mon type of dyslexia observed is phonological 
dyslexia, with surface dyslexia occurring occa-
sionally.

Participant 1 made errors on both pseudoword 
and real word lists, with real word errors mostly 
on long words and pseudoword errors particu-
larly involving b/d/p or š/s combinations. Errors 
included phoneme substitutions within words and 
morpheme addition or omission. Self-correction 
was relatively high, indicating awareness of errors 
and the ability to correct them upon re-reading. 
Overall, the participant showed typical signs of 
phonological dyslexia with lower accuracy on 
pseudowords, phonologically similar substitu-
tions, but relatively good self-correction. Reliance 
on the lexical route sometimes led to reading by 
assumption, such as cro. četri [four] instead of 
cro. četvrti [fourth]. This pattern demonstrates 
that, despite Croatian being a highly transparent 
language, the rich morphology can limit compen-
satory strategies, and some words still require ac-
curate decoding.

In Participant 2, the lexical reading route was 
significantly compromised, as shown by diffi-
culties with the automatic recognition of whole 
words. For example, cro. nazivan [called] was 
read as cro. nazvan [named], and cro.  izraz [ex-
pression] as cro. izražajnost [expressiveness]. 
These errors indicate that the participant does not 
consistently access stable orthographic represen-
tations, but sometimes reads words incorrectly 
by assumption. This phenomenon is particularly 
noticeable with short or morphologically simple 
words, which are sometimes misread as if they 
were longer words that appeared earlier in the 
text, resulting in errors such as those mentioned 
before (izraz  izražajnost). Pseudowords and 
most real words on the lists were read without 

phonological errors, indicating that the sublex-
ical/phonological route was not compromised. 
This pattern clearly reflects surface dyslexia: the 
phonological route functions properly, while the 
lexical route is compensated for, but is still not 
fully efficient, thus producing typical lexical er-
rors, and incorrect word-form substitutions with 
limited self-corrections.

In Participant 3, errors were primarily observed 
on pseudowords, while performance on known 
real words was relatively preserved. Self-correc-
tion was low, indicating limited awareness of er-
rors and weak metacognitive monitoring during 
reading. Errors were most frequent on longer and 
more complex words, particularly pseudowords, 
confirming difficulties in the phonological route. 
This pattern is consistent with typical phonolog-
ical dyslexia, where deficits in phonological pro-
cessing restrict automatisation of reading unfa-
miliar or novel words, while the lexical route for 
familiar words remains relatively intact.

Participant 4 demonstrated very high accura-
cy in reading both pseudowords and real words, 
with only a minimal number of errors. Both the 
phonological and lexical routes appeared largely 
intact. However, the presence of even rare errors 
- mostly omissions, substitutions, and additions - 
suggests a profile of mild phonological dyslexia, 
in which reading is close to automatised, but oc-
casional phonological challenges persist.

Participant 5 made errors in reading 
pseudowords, as well as in text passages, with fre-
quent errors in complex or phonetically unusual 
words, such as cro. wagnerijanskoga [Wagneri-
an] read as cro. Vangerove [Wagner’s], cro. jar-
kocrvenom [bright red] read as cro. jako crvenom 
[very red), and foreign or specific names such as 
cro. Marinerove [Mariner’s] read as Marinorove. 
Errors related to the real word list were less fre-
quent. Self-correction was rare or almost absent, 
suggesting limited recognition or correction of 
errors. This error pattern is consistent with pho-
nological dyslexia.

Participant 6 demonstrated frequent errors 
when reading real words containing phonolog-
ically challenging clusters, such as solisticij in-
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stead of cro. solsticij [solstice], sitotiskovani in-
stead of cro. sitotiskovni [screen-printing], and 
neimaiština instead of cro. neimaština [poverty]. 
This pattern suggests that the phonological route 
was not sufficiently precise or automated. The 
lexical route may support recognition of familiar 
words to some extent, but it remained insufficient 
for correctly decoding complex or rare words. 
Combined with an almost complete absence of 
self-correction, this error profile indicates phono-
logical dyslexia, where the main difficulty lies in 
decoding less familiar and phonologically com-
plex words.

Participant 7 made errors when reading 
pseudowords, such as truljuk instead of trljuk and 
etinkra instead of etinokrač, as well as when read-
ing some real, but less familiar words. This pat-
tern indicates that the phonological route remains 
a critical locus of difficulty, even when it comes to 
known vocabulary and meaningful sentences, and 
particularly for longer and less frequently encoun-
tered words. The low frequency of self-correction 
further suggests that the phonological route was 
neither sufficiently precise nor automated, indi-
cating phonological dyslexia.

DISCUSSION

This preliminary study aimed to investigate 
the characteristics of PwD in relation to read-
ing aloud  in Croatian, a language with highly 
transparent orthography. The study investigated 
whether Croatian-speaking PwD differ from TR 
in the following aspects of reading aloud: read-
ing accuracy, reading rate, types of errors, and 
self-correction of errors. The purpose of the study 
was to identify the characteristics and difficulties 
present in PwD, as well as to examine how their 
reading differs from that of TR, thereby contribut-
ing to a better understanding of their needs, which 
is necessary for the development of objective as-
sessments and systematic interventions in educa-
tional and occupational contexts (Sadusky et al., 
2021). Given the lack of research on adults with 
dyslexia, as most existing knowledge is based on 
studies with children or adolescents in education-
al settings, this study serves as an initial step and 
a potential inspiration and motivation for further 

research. Since the manifestations of dyslexia 
vary depending on the linguistic context and lan-
guage-specific features, it is crucial to investigate 
these characteristics in different languages. Croa-
tian, for example, is highly transparent, morpho-
logically rich, and in many ways distinct from 
English, the language that serves as the primary 
source of most dyslexia research, thus, potentially 
influencing reading patterns and conclusions. 

We first assumed that there would be a statis-
tically significant difference in reading accuracy 
between PwD and TR when reading pseudoword 
lists, real word lists, and text, with TR expected 
to be more accurate than PwD. The first hypoth-
esis was thus partially confirmed, as statistical-
ly significant differences were only found when 
reading real words and texts. In both tasks, TR 
were superior to PwD, which is consistent with 
the results of other studies on transparent orthog-
raphies, as well as with the limited research re-
sults in Croatian. This suggests that despite the 
development of compensatory strategies and 
improvements in decoding accuracy, adults with 
dyslexia do not achieve high levels of reading 
accuracy compared to TR, even in transparent 
orthographies. Although errors in transparent or-
thographies become less frequent over time, they 
nevertheless persist as a feature of reading in PwD 
(Lenček, 2012; Re et al., 2011; Reis et al., 2020; 
Suárez-Coalla & Cuetos, 2015). At first glance, it 
may seem somewhat unexpected that there was 
no significant difference in reading accuracy of 
pseudowords, which is solely based on decoding. 
However, when re-examining the structure and 
length of the real words and pseudowords used, 
it becomes clear that some real words were sever-
al graphemes longer than the pseudowords. This 
suggests that word length may be one of the key 
factors influencing word-level reading in PwD. 
As the pseudowords were slightly shorter than the 
real words, PwD may have been able to achieve 
better results by using compensatory strategies. 
This phenomenon is known as the word length 
effect, and it has been shown to influence read-
ing performance, even in adults with dyslexia, be-
cause they rely predominantly on serial analysis 
of the item (Provazza et al., 2019; Zoccolotti et 
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al., 1999). Therefore, it is possible that some of 
the real words were even more difficult for PwD 
to read than the pseudowords due to their length, 
despite the fact that it is always expected and as-
sumed that pseudowords would present a greater 
difficulty for PwD. On the other hand, the word 
length effect seems to have a lesser impact on real 
words, especially if they are very common in a 
Croatian. The list of real words used in this study 
included both high and low frequency words, 
suggesting that the word length effect may have 
been smaller because some items were shorter 
and, more generally, because some words were 
already familiar to PwD, allowing them to rely 
on lexical processing, and not just serial phono-
logical processing, when decoding (Provazza et 
al., 2019). This explanation is consistent with the 
finding that both groups achieved the highest ac-
curacy when reading Text 1, which contained the 
most familiar and frequent words and was based 
on a generally known topic. In contrast, Text 3, 
which included a higher proportion of unfamiliar 
and less common words, was read with the lowest 
accuracy. Ultimately, although there was no sta-
tistically significant difference in the reading ac-
curacy of pseudowords between the two groups, 
the descriptive statistics indicate that the TR tend 
to perform better than PwD.

Secondly, it was hypothesised that PwD would 
read more slowly than TR across all reading tasks, 
including pseudoword lists, word lists, and text. 
This was confirmed, as TR were able to read all 
three types of materials faster than PwD, who oc-
casionally took up to twice as long to read the same 
material. This is consistent with previous findings 
suggesting that, in adulthood, slower reading rates 
are the most pronounced and consistent feature of 
PwD when it comes to reading in languages with 
transparent orthographies (Lenček, 2012; Re et 
al., 2011; Suárez-Coalla & Cuetos, 2015), mak-
ing time constraints in reading tasks a potential 
disadvantage for PwD (Gelbar et al., 2016; Re et 
al., 2011; Snowling, 2013). This aligns with the 
double deficit observed in children with dyslexia 
(Wolf & Bowers, 1999), although their cognitive 
profile may change over time due to development, 
education, and additional support. Children with 

dyslexia may show deficits in both phonological 
processing and rapid naming, which has a negative 
impact on reading accuracy and rate. In transpar-
ent orthographies, however, this dual deficit tends 
to decrease with increasing reading experience 
and speech therapy, as the grapheme-phoneme 
connections are strong and clear. Phonological 
awareness and phonological processing develop 
over time, leading to improved reading accuracy 
later in life. In contrast, rapid naming remains im-
paired and it is still a cognitive predictor of read-
ing in adulthood, contributing to slower reading 
performance (Dębska et al., 2021; Landerl et al., 
2013; Wimmer & Schurz, 2010). Finally, when 
examining the reading rate for each text separate-
ly, it is evident that both groups read Text 2 at the 
slowest rate. However, they differed in which text 
they read the fastest. At the discourse level, PwD 
appear to be influenced not only by text length, 
but also by linguistic complexity, which can slow 
reading, even for shorter texts (Bazen et al., 2020; 
Carioti et al., 2021; Hulme & Snowling, 2016; 
Lenček, 2012; Warmington et al., 2013). PwD 
read Text 1 the fastest, despite it being the longest, 
probably because it was linguistically simpler and 
thematically closer to everyday life, thus facilitat-
ing lexical processing. In contrast, TR read Text 
3 the fastest, which was the shortest, suggesting 
that text length may be the primary factor affect-
ing reading rate for readers without decoding dif-
ficulties, provided that the text is appropriately 
complex for their educational background.

Thirdly, it was hypothesised that there would be 
a statistically significant difference in the amount 
of self-correction of reading errors between PwD 
and TR, with TR expected to self-correct their 
reading errors at a higher rate. However, no statis-
tically significant differences were found between 
the two groups. Thus, the third hypothesis was re-
jected. It is possible that TR do not self-correct 
more often than one would expect because they 
make errors that have no effect on the meaning of 
the sentence, so they are less likely to notice these 
small reading errors. In contrast, the problem with 
PwD is that their errors and lack of self-correction 
often interfere with comprehension, as the chang-
es resulting from these errors distort or complete-
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ly change the meaning of the sentence (Pedersen 
et al., 2016). Although the present study does not 
focus on comprehension, participants probably 
still rely on context while reading the text.

Finally, the types and extents of reading errors 
made by PwD and TR when reading aloud were 
examined. Although it is often assumed that expe-
rienced adult readers make almost no errors when 
reading, our results contradict that. In addition, 
it is a misconception that every reading error, or 
even several errors of different types, indicates a 
disorder. However, the quantitative analysis re-
sults already indicate a greater variability in the 
reading performance of PwD compared to TR. 
The error analysis shows not only quantitative, 
but also qualitative differences between the two 
groups. PwD make a greater number of reading 
errors, which includes certain types of errors that 
were not observed in TR, which is consistent with 
previous studies (e.g., Elbro et al., 1994; Lenček, 
1994; Lenček, 2012; Lenček & Ivšac, 2007; Reis 
et al., 2020; Singleton, 2005). Singleton (2005) 
even explains that adults with dyslexia make dif-
ferent types of errors than TR, but these errors 
also differ from those made by children with dys-
lexia, suggesting developmental changes in er-
ror patterns. In general, at the levels of (pseudo)
words and text, PwD made the highest number 
of substitution and omission errors. The results 
of the present study showed that, at the word and 
pseudoword levels, substitutions and omissions 
of graphemes were the most frequent errors, fol-
lowed by syllabic reading and additions of graph-
emes, while other error types, such as transpo-
sitions or uncategorised errors, occurred rarely. 
At the text level, substitution errors, primarily 
the substitution of entire words, remained the 
most common, followed by omissions of graph-
emes, morphemes, and words, whereas additions, 
transpositions, distortions into pseudowords or 
non-words, syntactic reversals, number naming 
errors, and other uncategorised errors were less 
frequent. Although expected, no semantisation of 
pseudowords was observed. This outcome may be 
explained by the possibility that the pseudowords 
were too simple for the participants’ age, educa-
tional status, and reading level, which could also 

account for the absence of a significant difference 
between the two participant groups on this task. 
Tied to that, although statistically significant dif-
ferences in accuracy persist at lower levels (e.g., 
word reading), it appears that, in highly transpar-
ent languages such as Croatian, PwD make fewer 
errors at lower units (individual items such as a 
single word or pseudoword). Higher levels, such 
as the discourse level, remain challenging. Read-
ing rate, as mentioned several times, continues to 
be their weakest area, yet PwD still make errors 
when presented with unfamiliar or demanding 
material. The most frequent text-level errors were 
substitutions of words, likely due to so-called 
reading by assumption or guessing errors (e.g., 
De Rom & Reybroeck, 2024), which typically 
occur when PwD overuse context to compensate 
for their difficulties. These errors may also result 
from partial or insufficient sublexical reading, 
where a person decodes only the first grapheme(s) 
and then guesses the rest of the word. It appears 
that PwD rely more on the lexical route to com-
pensate for their phonological deficits, potentially 
using their advanced visual-spatial abilities (Ra-
jabpour Azizi et al., 2021), which support visu-
al/orthographic processing during word reading 
(Miller-Shaul, 2005). In other words, PwD com-
pensate for their non-automatised reading by rely-
ing heavily on one reading route, in this case, the 
lexical route, rather than dynamically integrating 
both sublexical and lexical routes for successful 
reading.  Although orthographic transparency 
generally implies a lower occurrence of “clasical” 
dyslexic errors, such as substitutions, additions, 
and omissions at sub-word levels, these types of 
errors nevertheless persist in adults with dyslexia 
who participated in our study. This may be due to 
the rich morphological structure of the Croatian 
language and the fact that even reliance on visu-
al familiarity does not eliminate the possibility 
of such errors, given the substantial variation in 
words, depending on their declension and conju-
gation. Related to this, it is evident that detailed 
analyses and classifications of reading errors are 
challenging because they depend heavily on the 
structural and semantic features of a language and 
its writing system. The same type of error may be 



Hrvatska revija za rehabilitacijska istraživanja 2025, Vol 61, br. 2, str. 116-140

133

categorised differently across languages, and cer-
tain errors may appear in some languages, but not 
in others. For instance, in English, a reader might 
pronounce ‘red’ as read, whereas such “pronunci-
ation” errors would not occur in a highly transpar-
ent language such as Croatian. Furthermore, for 
some types of errors, there would likely be dis-
agreement among different authors, even within 
the same linguistic context. For instance, when 
discussing the addition of morphemes, it can be 
assumed that added morphemes, such as suffixes 
(e.g., ime [name] N.sg. read as imena G.pl.), could 
be considered substitutions of morphemes. This 
is because the outcome of the reading error in-
volves a null morpheme being replaced by a spe-
cific morpheme (suffix). In morphological theory, 
however, the null morpheme is often treated as a 
theoretical construct, a tool for analysing morpho-
logical structures and explaining grammatical re-
lations, rather than as a real linguistic element or 
morpheme in the classical sense (Aronoff & Fude-
man, 2011; Bauer, 2003; Haspelmath & Sims, 
2010; Matthews, 1991). Matthews (1991) further 
explained that null morphemes are not universally 
accepted across all morphological theories. There-
fore, in the present study, this type of error was 
treated as an addition, rather than a substitution 
of a morpheme, yet it cannot be guaranteed that 
all researchers would have the same perspective. 
Overall, these considerations highlight the com-
plexity of categorising reading errors, since their 
classification can depend on both language-spe-
cific characteristics and theoretical perspectives, 
underscoring the need for clear, well-defined, and 
explicit criteria, which are often lacking in many 
studies, thus representing a methodological lim-
itation that hinders replication and cross-linguistic 
comparisons.

In the error analysis, based on the profiles of 
individual participants in the present study, it is 
evident that the most common type of dyslexia 
is phonological dyslexia, with surface dyslex-
ia occurring occasionally, while deep dyslexia 
in relation to Croatian, a highly transparent lan-
guage, seems absent. This pattern is consistent 
with the claims of Ardila and Cuetos (2016) for 
Spanish. These findings also demonstrate overlap 

between dyslexia subtypes and previous research 
(e.g., Gerhand et al., 2000; Hanley & Gard, 1995; 
Zabell & Everatt, 2002). However, those studies 
were primarily guided by criteria such as non-
word reading and irregular word reading, whereas 
it is important to consider cross-linguistic differ-
ences in the manifestation of dyslexia. For exam-
ple, in Croatian, a highly transparent language, 
irregular words are largely absent, which affects 
how dyslexia subtypes are expressed.

Limitations

The limitations of this study must be taken into 
account when interpreting the results. These in-
clude the small number of participants who were all 
female, the lack of additional measurements (e.g., 
IQ and cognitive abilities), and the heterogeneity 
of PwD. In addition, although the participants in 
the control group had not yet entered the field of 
speech-language pathology, the fact that they had 
chosen this field of study suggests that they were 
likely to have better language skills compared to 
their other typical peers. Furthermore, there is a 
slight educational difference between the groups. 
However, it is important to note that PwD were 
tested at the end of their final year of high school, 
whereas TR were assessed during the first week of 
their undergraduate studies. Therefore, they were 
separated only by the summer period without for-
mal instruction. While it is possible that TR had 
a slight linguistic or cognitive advantage due to 
age and educational level, this is unlikely to have 
substantially influenced the results, as the differ-
ence reflects a short transition period, rather than 
a meaningful educational disparity. Additionally, 
the psycholinguistic properties of the materials 
that could influence reading outcomes were not 
measured thoroughly or in detail. For example, 
we lack detailed information on pseudowords; 
therefore, future studies should address this aspect 
in detail. Moreover, this study focused exclusive-
ly on reading aloud and not on silent reading, and 
although they are similar processes, they are not 
identical (van den Boer et al., 2022). Furthermore, 
the study focused on reading technique based on 
a single type of discourse, without investigating 
reading comprehension. However, reading fluen-
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cy and reading comprehension are based on dif-
ferent background skills and knowledge (Brèthes 
et al., 2022). In relation to that, some authors who 
conducted error classification, such as Hanley and 
Gridley (1995) or Zabell and Everatt (2002), had 
more comprehensive data on reading skills when 
categorising errors, or at least included additional 
tasks assessing phonological processing or lexical 
retrieval, which was not the case in the present 
study. Consequently, the classifications presented 
here may be more susceptible to subjective in-
terpretation. Finally, other data, such as informa-
tion on speech and language therapy attendance, 
which might have influenced the development of 
compensatory or alternative strategies, and thus 
led to changes in the difficulty profile and dyslexia 
type, were not collected.

CONCLUSION

Despite its limitations, this study offers valu-
able insights into the features of reading aloud 
in adults with and without dyslexia. The results 
highlight the characteristics of reading in typical 
adults and those with language-based disorders 
such as dyslexia. While some of these characteris-
tics align with findings from international studies, 
others differ due to specific features of the Croa-
tian language and writing system. For example, 
the structure of the language and the transparency 
of its orthography influence the degree of reliance 
on, and the processing load of, the sublexical and 
lexical reading routes, and consequently affect the 
subtypes of dyslexia. In Croatian, features of pho-
nological dyslexia are most commonly observed, 
while deep dyslexia does not occur. However, 
these are preliminary findings based on a small 
convenience sample with multiple limitations and 
should therefore be interpreted with caution. Al-
though the small sample size prevents generalisa-

tions, this is one of the first attempts at an in-depth 
error and profile analysis of adults with dyslex-
ia in Croatian, a topic which is rarely examined 
in transparent languages. It represents an initial 
step towards identifying common features of this 
population within specific languages and opens 
the possibility for cross-linguistic comparisons in 
future research. In the Croatian clinical and edu-
cational context, there is currently a lack of stan-
dardised and normed assessment materials and 
protocols for diagnosing dyslexia, especially in 
adulthood, with professionals still largely relying 
on subjective evaluations. It is therefore essential 
to investigate the characteristics of this disorder 
across different life stages. Understanding how 
TR and PwD differ throughout development can 
contribute to more accurate and sensitive assess-
ment methods. Future research would particularly 
benefit from longitudinal studies that could pro-
vide insight into changes in how PwD read aloud 
as they mature and progress through education.

ACKNOWLEDGMENT 

We thank all participants who took part in this 
study, including people with dyslexia as well as 
our students who took time outside of their lec-
tures to assist with our research.

FUNDING

This research was funded by the European 
Union through the National Recovery and Re-
silience Plan 2021–2026 (NPOO) as part of the 
institutional research funding of the University of 
Zagreb Faculty of Education and Rehabilitation 
Sciences (project: Language processing and Easy 
language in language and communication disor-
ders (PI professor Mirjana Lenček), code: IIP-03-
JJ.kom).



Hrvatska revija za rehabilitacijska istraživanja 2025, Vol 61, br. 2, str. 116-140

135

REFERENCES

Adams, M. J. (1994). Beginning to read: Thinking and learning about print. MIT Press.

Álvarez-Cañizo M., Suárez-Coalla P., & Cuetos, F. (2015) The Role of Reading Fluency in Children’s Text Compre-
hension. Frontiers in Psychology, 6:1810. https://doi.org/10.3389/fpsyg.2015.01810

American Psychiatric Association (2013). Diagnostic and statistical manual of mental disorders (5th ed.). American 
Psychiatric Association.

Ardila, A., & Cuetos, F. (2016). Applicability of dual-route reading models to Spanish. Psicothema, 28(1), 71–75. 
https://doi.org/10.7334/psicothema2015.103

Arfé, B., Corato, F., Pizzocaro, E., & Merella, A. (2020). The Effects of Script and Orthographic Complexity on 
the Handwriting and Spelling Performance of Children With Dyslexia. Journal of Learning Disabilities, 53(2), 
96–108. https://doi.org/10.1177/0022219419892845

Aronoff, M., & Fudeman, K. (2011). What is morphology? (2nd ed.). Wiley-Blackwell.

Babayiğit, S. (2022). Does a truly symmetrically transparent orthography exist? Spelling is more difficult than read-
ing even in an orthography considered highly transparent for both reading and spelling. Reading and Writing, 35, 
2453–2472. https://doi.org/10.1007/s11145-022-10259-5

Barić, E., Lončarić, M., Malić, D., Pavešić, S., Peti, M., Zečević, V., & Znika, M. (2005). Hrvatska gramatika. 
Školska knjiga. 

Bauer, L. (2003). Introducing linguistic morphology (2nd ed.). Edinburgh University Press. https://doi.org/10.1515/ 
9781474464284

Bazen, L., Boer, M., Jong, P. F., & Bree, E. H. (2020). Early and late diagnosed dyslexia in secondary school: Per-
formance on literacy skills and cognitive correlates. Dyslexia, 26(4), 359–376. https://doi.org/10.1002/dys.1652

Bigozzi, L., Tarchi, C., Pinto, G., & Accorti Gamannossi, B. (2015). Predicting Dyslexia in a Transparent Orthog-
raphy from Grade 1 Literacy Skills: A Prospective Cohort Study. Reading & Writing Quarterly, 32(4), 353–372. 
https://doi.org/10.1080/10573569.2014.988310

Blaži, D., & Arapović, D. (2003). Artikulacijski nasuprot fonološkom poremećaju. Govor, 20(1–2), 27-38. 

Brèthes H., Cavalli E., Denis-Noël A, Melmi J-B, El Ahmadi A, Bianco M., & Colé P (2022) Text Reading Fluency 
and Text Reading Comprehension Do Not Rely on the Same Abilities in University Students With and Without 
Dyslexia. Frontiers in Psychology, 13:866543. https://doi.org/10.3389/fpsyg.2022.866543

Brysbaert, M. (2019). How many words do we read per minute? A review and meta-analysis of reading rate. Journal 
of memory and language, 109, 104047. https://doi.org/10.1016/j.jml.2019.104047

Caravolas, M. (2005). The Nature and Causes of Dyslexia in Different Languages. In M. J. Snowling & C. 
Hulme (Eds.), The science of reading: A handbook (pp. 336–355). Blackwell Publishing. https://doi.
org/10.1002/9780470757642.ch18

Carioti, D., Masia, M. F., Travellini, S., & Berlingeri, M. (2021). Orthographic depth and developmental dyslexia: A 
meta-analytic study. Annals of Dyslexia, 71(3), 399–438. https://doi.org/10.1007/s11881-021-00226-0

Clay, M. M. (1969). Reading errors and self-correction behavior. British Journal of Educational Psychology, 39(1), 
47–56. https://doi.org/10.1111/j.2044-8279.1969.tb02040.x

Coltheart, M. (2005). Modeling reading: The dual-route approach. In M. J. Snowling & C. Hulme (Eds.), The science 
of reading: A handbook (pp. 6–23). Blackwell.

Coltheart, M. (2006). Dual route and connectionist models of reading: An overview. London Review of Education, 
4(1), 5–17. https://doi.org/10.1080/13603110600574322



Marija Jozipović, Mihaela Đurenec, Mirjana Lenček, Matea Zrinjski: Reading aloud in a language with transparent orthography...

136

Coltheart, M., Rastle, K., Perry, C., Langdon, R., & Ziegler, J. (2001). DRC: A dual route cascaded model of visu-
al word recognition and reading aloud. Psychological Review, 108(1), 204–256. https://doi.org/10.1037/0033-
295X.108.1.204

Daniels, P. T., & Share, D. L. (2017). Writing System Variation and Its Consequences for Reading and Dyslexia. 
Scientific Studies of Reading, 22(1), 101–116. https://doi.org/10.1080/10888438.2017.1379082

Davies, R. A. I., Arnell, R., Birchenough, J. M. H., Grimmond, D., & Houlson, S. (2017). Reading through the life 
span: Individual differences in psycholinguistic effects. Journal of Experimental Psychology: Learning, Memory, 
and Cognition, 43(8), 1298–1338. https://doi.org/10.1037/xlm0000366

Dębska, A., Łuniewska, M., Zubek, J., Chyl, K., Dynak, A., Dzięgiel-Fivet, G., Plewko, J., & Jednoróg, K. (2021). 
The cognitive basis of dyslexia in school-aged children: A multiple case study in a transparent orthography. De-
velopmental Science, 25(2), e13173. https://doi.org/10.1111/desc.13173

de Carvalho Rodrigues, J., Pioli dos Santos, D., de Bitencourt Fél, D., & Fumagalli de Salles, J. (2023). Word Read-
ing and Spelling Processing and Acquired Dyslexia post Unilateral Stroke. Journal of Psycholinguistic Research, 
52, 1017–1035. https://doi.org/10.1007/s10936-023-09951-6

De Rom M and Van Reybroeck M (2024) Guessing errors made by children with dyslexia in word and text reading. 
Frontiers in Psychology, 15,1195696. https://doi.org/10.3389/fpsyg.2024.1195696

Elbro, C., Nielsen, I., & Petersen, D. K. (1994). Dyslexia in adults: Evidence for deficits in non-word reading and 
in the phonological representation of lexical items. Annals of Dyslexia, 44(1), 203–226. https://doi.org/10.1007/
bf02648162

Fletcher, J. M., Lyon, G. R., Fuchs, L. S., & Barnes, M. A. (2007). Learning disabilities: From identification to in-
tervention. Guilford Press.

Fumagalli, J., Barreyro, J. P., & Jaichenco, V. (2019). Reading fluency: Differences between oral and silent reading 
comprehension. Global Journal of Human-Social Science Research, 19(1), 9–18.

Gelbar, N. W., Bray, M., Kehle, T. J., Madaus, J. W., & Makel, C. (2016). Exploring the nature of compensation 
strategies in individuals with dyslexia. Canadian Journal of School Psychology, 33(2), 110–124. https://doi.
org/10.1177/0829573516677187

Gerhand, S., McCaffer, F., & Barry, C. (2000). Surface or deep dyslexia? A report of a patient who makes both regulariza-
tion and semantic errors in oral reading. Neurocase, 6(5), 393–401. https://doi.org/10.1080/13554790008402710

Grainger, J., & Ziegler, J. C. (2011). A dual-route approach to orthographic processing. Frontiers in Psychology, 2, 
Article 54. https://doi.org/10.3389/fpsyg.2011.00054

Hanley, J. R., & Gard, F. (1995). A dissociation between developmental surface and phonological dyslexia in two 
undergraduate students. Neuropsychologia, 33(7), 909–914. https://doi.org/10.1016/0028-3932(95)00038-5

Haspelmath, M., & Sims, A. (2010). Understanding morphology. Routledge.

Horowitz-Kraus, T. (2016). Improvement of the Error-detection Mechanism in Adults with Dyslexia Following 
Reading Acceleration Training. Dyslexia, 22(2), 173–189. https://doi.org/10.1002/dys.1523

Hulme, C. i Snowling, M. J. (2016). Reading disorders and dyslexia. Current opinion in pediatrics, 28(6), 731–735. 
https://doi.org/10.1097/mop.0000000000000411

Kelić, M., Zelenika Zeba, M., & Kuvač Kraljević, J. (2021). Reading predictors in Croatian: Contribution of (meta)
phonological variables. Psychological Topics, 30(2), 161–184. https://doi.org/10.31820/pt.30.2.1

Kirby, P. (2018). A brief history of dyslexia. Psychologist, 31(3), 56–59.

Kolundžić, Z. (2009). Čitanje i fonološka obrada u prijevremeno rođene djece [Doctoral thesis]. University of Za-
greb, Faculty of Education and Rehabilitation Sciences.

König, J., Calude, A. S., & Coxhead, A. (2020). Using character-grams to automatically generate pseudowords and 
how to evaluate them. Applied Linguistics, 41(6), 878-900. https://doi.org/10.1093/applin/amz045



Hrvatska revija za rehabilitacijska istraživanja 2025, Vol 61, br. 2, str. 116-140

137

Kuvač Kraljević, J., Runje, N., Ružić, V., Matić Škorić, A., Lenček, M., & Štefanec, A. (2024). Predictors of reading 
comprehension and profiling of poor readers in Croatian: Educational and clinical perspectives. Frontiers in 
Psychology, 15, 1297183. https://doi.org/10.3389/fpsyg.2024.1297183

Kuvač Kraljević, J., Matić Škorić, A., Štefanec, A., & Lenček, M. (2022). Jevčok, stanjak, vojge: oblikovanje i uloga 
pseudoriječi u logopedskoj intervenciji. Suvremena psihologija, 25(2), 109–123. https://doi.org/10.21465/2022-
SP-252-01

Kuvač Kraljević, J., & Olujić, M. (2018). Predočivost i subjektivna učestalost 500 procijenjenih riječi u Hrvatskoj 
leksičkoj bazi. Suvremena lingvistika, 44(85), 73–90. https://doi.org/10.22210/suvlin.2018.085.04

Landerl, K., Ramus, F., Moll, K., Lyytinen, H., Leppänen, P. H. T., Lohvansuu, K., O’Donovan, M., Williams, J., 
Bartling, J., Bruder, J., Kunze, S., Neuhoff, N., Tóth, D., Honbolygó, F., Csépe, V., Bogliotti, C., Iannuzzi, S., 
Chaix, Y., Démonet, J.-F., Longeras, E., Valdois, S., Chabernaud, C., Delteil‑Pinton, F., Billard, C., George, F., 
Ziegler, J. C., Comte‑Gervais, I., Soares‑Boucaud, I., Gérard, C.-L., Blomert, L., Vaessen, A., Gerretsen, P., 
Ekkebus, M., Brandeis, D., Maurer, U., Schulz, E., van der Mark, S., Müller‑Myhsok, B., & Schulte‑Körne, G.  
(2013). Predictors of developmental dyslexia in European orthographies with varying complexity. Journal of 
Child Psychology and Psychiatry, 54(6), 686–694. https://doi.org/10.1111/jcpp.12029

Landerl, K., Wimmer, H., & Frith, U. (1997). The impact of orthographic consistency on dyslexia: A German-En-
glish comparison. Cognition, 63(3), 315–334. https://doi.org/10.1016/S0010-0277(97)00005-X

Lenček, M. (1994). Diskriminativna vrijednost nekih jezičnih zadataka za teškoće čitanja. Defektologija, 30(2), 
115–127.

Lenček, M. (2012). Procjena disleksije u hrvatskome: neke značajke čitanja i pisanja odraslih. Hrvatska revija za 
rehabilitacijska istraživanja, 48(1), 11–26.

Lenček, M., & Anđel, M. (2011, September 9–10). Dyslexia in Croatian – Some specific features with respect to 
spoken and written language. Learning Disabilities at School: Research and Education conference, Locarno, 
Switzerland.

Lenček, M., Blaži, D., & Ivšac, J. (2007). Specifične teškoće učenja: osvrt na probleme u jeziku, čitanju i pisanju. 
Magistra Iadertina, 2(1), 107–121. 

Lenček, M., & Ivšac, J. (2007). Pišemo li dobro? O pogreškama i rukopisu. In R. Bacalja (Ed.), Prema novom kuri-
kulumu u odgoju i obrazovanju (pp. 11–24). Stručni odjel za izobrazbu učitelja i odgojitelja predškolske djece 
Sveučilišta u Zadru.

Lenček, M., Kuvač Kraljević, J., & Jozipović, M. (2022). Education Of Children with Dyslexia in Croatia: The 
Role of Easy Language. International Journal of Childhood Education, 3(1), 1–15. https://doi.org/10.33422/ijce.
v3i1.110

Lindamood, P. C., Bell, N., & Lindamood, P. (1992). Issues in phonological awareness assessment. Annals of Dys-
lexia, 42, 242–259. https://doi.org/10.1007/BF02654948

Matthews, P. H. (1991). Morphology. Cambridge University Press.

Miller-Shaul, S. (2005). The characteristics of young and adult dyslexics readers on reading and reading related cog-
nitive tasks as compared to normal readers. Dyslexia 11, 132–151. https://doi.org/10.1002/dys.290

Ministarstvo znanosti, obrazovanja i mladih (2019).  Kurikulum nastavnoga predmeta Hrvatski jezik za osnovne škole 
i gimnazije u Republici Hrvatskoj [Ministry of Science, Education and Youth, Republic of Croatia (2019). Curric-
ulum of the Croatian language subject for primary and secondary schools in the Republic of Croatia.] Narodne 
novine. Retrieved February 27, 2025, from https://narodne-novine.nn.hr/clanci/sluzbeni/2019_01_10_215.html

Mudre, L. H. & McCormick, S. (1989). Effects of meaning-focused cues on underachieving readers’ context use, 
self-corrections, and literal comprehension. Reading Research Quarterly, 89–113. https://doi.org/10.2307/748012

Nes Ferrara, S.L. (2005) Reading Fluency and Self‐Efficacy: A case study. International Journal of Disability, Devel-
opment and Education, 52(3), 215–231. https://doi.org/10.1080/10349120500252858



Marija Jozipović, Mihaela Đurenec, Mirjana Lenček, Matea Zrinjski: Reading aloud in a language with transparent orthography...

138

Olujić Tomazin, M., Kuvač Kraljević, J., & Alves, R. A. (2023). Reactivity of the triple task on writing processes and 
product in adults with dyslexia. Frontiers in Psychology, 14, 1112274. https://doi.org/10.3389/fpsyg.2023.1112274

Pedersen, H. F., Fusaroli, R., Lauridsen, L. L., & Parrila, R. (2016). Reading processes of university students with 
dyslexia–An examination of the relationship between oral reading and reading comprehension. Dyslexia, 22(4), 
305–321. https://doi.org/10.1002/dys.1542

Perkušić Čović, M., Vujović, I., Šoda, J., Palmović, M., & Rogić Vidaković, M. (2024). Overt Word Reading and 
Visual Object Naming in Adults with Dyslexia: Electroencephalography Study in Transparent Orthography. Bio-
engineering, 11(5), 459. https://doi.org/10.3390/bioengineering11050459

Perfetti, C. (2007). Reading Ability: Lexical Quality to Comprehension. Scientific Studies of Reading, 11(4), 357–
383. https://doi.org/10.1080/10888430701530730

Provazza S, Giofrè D, Adams A-M and Roberts DJ (2019) The Clock Counts – Length Effects in English Dyslexic 
Readers. Frontiers in Psychology, 10,2495. https://doi.org/10.3389/fpsyg.2019.02495

Rajabpour Azizi Z., Akhavan Tafti M., & Mohsenpour M. (2021). Dyslexia and the Visual- Spatial Talents: A Criti-
cal Review of New Difference-Oriented Research. Journal of Child Mental Health, 7(4), 197–214. http://dx.doi.
org/10.52547/jcmh.7.4.13

Ramljak, P. (2021). Ponavljanje pseudoriječi i rečenica sa pseudoriječima kod djece s disleksijom i djece urednog 
jezičnog razvoja [Master thesis]. University of Zagreb, Faculty of Education and Rehabilitation Sciences.

Rathvon, N. (2004). Early reading assessment: A practitioner’s handbook. Guilford Press. 

Re, A. M., Tressoldi, P. E., Cornoldi, C., & Lucangeli, D. (2011). Which tasks best discriminate between dyslexic 
university students and controls in a transparent language? Dyslexia, 17(3), 227–241. https://doi.org/10.1002/
dys.431

Reis, A., Araújo, S., Morais, I. S., & Faísca, L. (2020). Reading and reading-related skills in adults with dyslexia 
from different orthographic systems: a review and meta-analysis. Annals of dyslexia, 70(3), 339–368. https://doi.
org/10.1007/s11881-020-00205-x

Roitsch, J., & Watson, S. M. (2019). An overview of dyslexia: definition, characteristics, assessment, identification, 
and intervention. Science Journal of Education, 7(4), 81–86.

Sadusky, A., Reupert, A. E., Freeman, N. C., & Berger, E. P. (2021). Diagnosing adults with dyslexia: Psychologists’ 
experiences and practices. Dyslexia, 27(4), 468–485. https://doi.org/10.1002/dys.1689

Singleton, C. (2005), Dyslexia and oral reading errors. Journal of Research in Reading, 28, 4–14. https://doi.
org/10.1111/j.1467-9817.2005.00248.x

Snowling, M. J. (2013). Early identification and interventions for dyslexia: a contemporary view. Journal of Re-
search in Special Educational Needs, 13(1), 7-14. https://doi.org/10.1111/j.1471-3802.2012.01262.x

Soriano, M., & Miranda, A. (2010). Developmental dyslexia in a transparent orthography: A study of Spanish dys-
lexic children. Literacy and Learning, 95–114. http://dx.doi.org/10.1108/S0735-004X(2010)0000023006

Stanovich, K. E. (1986). Matthew effects in reading: Some consequences of individual differences in the acquisition 
of literacy. Reading Research Quarterly, 21(4), 360–407.

Stanovich, K. E. (2000). Progress in understanding reading: Scientific foundations and new frontiers. Guilford Press.

Suárez-Coalla, P., & Cuetos, F. (2015). Reading difficulties in Spanish adults with dyslexia. Annals of dyslexia, 65, 
33–51. https://doi.org/10.1007/s11881-015-0101-3

Vancaš, M. (1999). Jezične sposobnosti kao preduvjet usvajanja čitanja [Doctoral thesis]. University of Zagreb, 
Faculty of Education and Rehabilitation Sciences. 



Hrvatska revija za rehabilitacijska istraživanja 2025, Vol 61, br. 2, str. 116-140

139

van den Boer, M., Bazen, L., & de Bree, E. (2022). The same yet different: Oral and silent reading in children 
and adolescents with dyslexia. Journal of Psycholinguistic Research, 51(4), 803–817. https://doi.org/10.1007/
s10936-022-09856-w

van der Kleij, S. W., Segers, E., Groen, M. A., & Verhoeven, L. (2019). Post-treatment reading development in 
children with dyslexia: the challenge remains. Annals of Dyslexia, 67, 279–276. https://doi.org/10.1007/s11881-
019-00186-6

Van Rijthoven, R., Kleemans, T., Segers, E., & Verhoeven, L. (2018). Beyond the phonological deficit: Semantics 
contributes indirectly to decoding efficiency in children with dyslexia. Dyslexia, 24(4), 309–321. https://doi.
org/10.1002/dys.1597

Verhoeven, L., & Keuning, J. (2017). The Nature of Developmental Dyslexia in a Transparent Orthography. Scien-
tific Studies of Reading, 22(1), 7–23. https://doi.org/10.1080/10888438.2017.1317780

Vitas, B. (2003). Vrste grešaka u čitanju [Master thesis]. University of Zagreb, Faculty of Education and Rehabili-
tation Sciences. 

Vizzi, F., Marinelli, C. V., Iaia, M., Carlino, M. D., Turi, M., Zoccolotti, P., & Angelelli, P. (2025). Dyslexia in high-
er education: Specific and global components of the reading profile. Reading and Writing, 38(8), 1915–1936. 
https://doi.org/10.1007/s11145-025-10688-y

Warmington, M., Stothard, S. E., & Snowling, M. J. (2013). Assessing dyslexia in higher education: The York 
adult assessment battery‐revised. Journal of Research in Special Educational Needs, 13(1), 48–56. https://doi.
org/10.1111/j.1471-3802.2012.01264.x

Whaley, J. F., & Kibby, M. W. (1981). The relative importance of reliance on intraword characteristics and interword 
constraints for beginning reading achievement. The Journal of Educational Research, 74(5), 315–320. https://
doi.org/10.1080/00220671.1981.10885322

Wimmer, H., & Schurz, M. (2010). Dyslexia in regular orthographies: manifestation and causation. Dyslexia, 16(4), 
283–299. https://doi.org/10.1002/dys.411

Wolf, M., & Bowers, P. G. (1999). The double-deficit hypothesis for the developmental dyslexia. Journal of Educa-
tional Psychology, 91(3), 415–438. https://doi.org/10.1037/0022-0663.91.3.415

Zabell, C., & Everatt, J. (2002). Surface and phonological subtypes of adult developmental dyslexia. Dyslexia, 8(3), 
160–177. https://doi.org/10.1002/dys.223

Ziegler, J. C., & Goswami, U. (2005). Reading Acquisition, Developmental Dyslexia, and Skilled Reading 
Across Languages: A Psycholinguistic Grain Size Theory. Psychological Bulletin, 131(1), 3–29. https://doi.
org/10.1037/0033-2909.131.1.3

Ziegler, J. C., Perry, C., Ma-Wyatt, A., Ladner, D., & Schulte-Koerne, G. (2003). Developmental dyslexia in different 
languages: Language-specific or universal? Journal of Experimental Child Psychology, 86, 169–193. https://doi.
org/10.1016/s0022-0965(03)00139-5

Zoccolotti, P., De Luca, M., Di Pace, E., Judica, A., Orlandi, M., & Spinelli, D. (1999). Markers of developmental 
surface dyslexia in a language (Italian) with high grapheme–phoneme correspondence. Applied Psycholinguistics 
20, 191–216. https://doi.org/10.1017/S0142716499002027



Marija Jozipović, Mihaela Đurenec, Mirjana Lenček, Matea Zrinjski: Reading aloud in a language with transparent orthography...

140

APPENDIX

Pseudowords list (Lenček, 2012)
trljuk 
zrepson
šefretok
etinokrač
peljikorad 
ramekazrali 
daberinjopok 
badopnazar 
žapaganasvid 
Namesvudrabe

Real words list (Lenček, 2012)
pod 
bodri 
mrljav 
dobrota 
strpljivost 
lampion 
sitotiskovni 
solsticij 
brodogradilište 
neimaština 
zaobilaženje 
nenamjenski 
mnemotehnički 
zabetoniravanje 
najnevjerodostojniji


