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ABSTRACT

Purpose: Early identification of literacy difficulties is essential to implement effective
remediation strategies. Often, tests are time-consuming and may require expert
practitioners to administer or interpret them. This study tested an easy-to-use spell-
ing tool screen for early writing difficulties. Specifically, we explored whether a pseu-
doword spelling task was effective for the early identification of struggling writers
(SWs). We examined its discriminatory ability and differences in performance as a
function of item features.

Method: Forty-eight primary SWs and 60 typically developing (TD) peers com-
pleted a pseudoword dictation task in Catalan (Pseudoword Spelling Evaluation
in Catalan Language [PSE-CL]). We analyzed key psychometric properties of the
task, including its reliability and discriminatory ability. ltem manipulation allowed
for an analysis between and within group performance based on item features
(i.e., length and frequency of the original base word).

Results: The task showed good internal consistency and reliability, with grade-
specific variations. It effectively distinguished SWs from TD children (area under
the curve: 0.87), achieving 79% accuracy at the cutoff point. A cross-classified
multilevel model examining effects within items and between participants showed
that SWs had substantially lower spelling accuracy than TD peers. Specifically,
their predicted likelihood of spelling a word correctly was about seven times lower.
The model also showed a significant Group x Grade interaction, indicating that the
difference between SWs and TD peers was especially pronounced in Grade 3.
Conclusions: The PSE-CL is an easy-to-administer tool for speech therapists
and teachers to identify SWs within the classroom. Children who struggle with
writing appear to have impaired phonological-mapping abilities, especially in third
grade. The theoretical and practical educational implications are discussed.

Regardless of whether a child has a neurological or
developmental disorder, some children consistently exhibit
difficulties in one or more dimensions of writing, such as
text quality, organization, or spelling. Recent meta-analytic
studies have examined the writing performance of children
who may struggle (hereafter, struggling writers [SWs]) in
these areas, identifying spelling as a particularly vulnerable
domain where students often perform below their peers
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(Troia, 2025). These challenges are observed across diverse
populations, including those with learning disabilities, read-
ing difficulties, developmental language disorder, attention-
deficit/hyperactivity disorder, and autism spectrum disorder.
Typically, identification of writing difficulties relies on stan-
dardized assessments (Dockrell et al., 2019) and curriculum-
based measurement (CBM) tools (Piercy et al., 2023), which
emphasize the importance of evaluating writing as a multi-
dimensional construct and adopting performance-based
approaches rather than depending solely on external diag-
noses that may overlook written expression (Cragg &
Nation, 2006; Williams & Larkin, 2013). This perspective
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frames writing difficulties as production based, highlighting
not only low attainment on specific tasks but also broader
impacts on sentence generation and overall text quality
(Balade et al., 2024; Dockrell et al., 2018). Importantly, SWs
often display early risk indicators: Their difficulties are not
merely secondary manifestations of a main neurocognitive
impairment that are common across different diagnostics but
also include learners who remain undetected by traditional
screening frameworks or have no access to appropriate screen-
ing tools, even though they require tailored interventions
(Dunn, 2021; Harris et al., 2006; Helsel & Greenberg, 2007).

Interpreting performance in SWs can shed light on
the missing links, where children who do not fit a diagnosis
might still require assessment and intervention to reach their
peers’ developmental advances (Arfé & Dockrell, 2023;
Pascual & Salas, 2021). It should be noted that SWs often
receive their intervention in public or nonprofit organizations,
so teachers or speech therapists in schools may lack the
resources and time to design analytical tools that provide a
detailed analysis of difficulties (Daffern & Ramful, 2020;
Denman et al., 2021; Dockrell & Marshall, 2015). There is,
therefore, a need for the development of a tool that enables
the detection of difficulties in spelling in a prompt and effi-
cient manner for teachers, which in turn meets the sustainable
development goals (SDGs): a set of 17 global objectives estab-
lished by the United Nations to promote inclusive and equita-
ble quality education, among other aims. Early identification
of spelling difficulties aligns particularly with SDG 4 (Quality
Education) while also supporting broader aims such as reduc-
ing educational disparities (SDG 10) and contributing to stu-
dents’ overall well-being (SDG 3) through timely and appro-
priate interventions (Nedungadi et al., 2024). In this article,
we present a spelling screening tool for children in the middle
grades of primary education.

Spelling Skills

Writing difficulties are typically considered a by-
product of other, primary learning and language disorders.
As a result, they are often underdiagnosed and under-
treated (Coker et al., 2018; Dockrell et al., 2019, 2022;
Pascual & Salas, 2021). Spelling screening tools can be
really useful, because they tap complex phonological skills,
which are at the core of literacy difficulties (Wiley et al.,
2024). Thus, spelling tasks can shed more light on atypical
spelling development trajectories, as well as the processes
underlying difficulties with other phonological tasks. Besides
contributing to advancing our knowledge of literacy difficul-
ties and development, spelling tasks may also serve a more
practical need. Teachers and practitioners have expressed the
need for easy-to-use resources to identify children at risk of
literacy difficulties, as well as those who could benefit from
intensive support or from being referred to more targeted
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clinical intervention (Graham et al., 2018). It is critical to
have resources for both clinical and school settings to detect
literacy difficulties beyond the early primary grades. This
is because children must be able to face literacy demands
in higher grades, where automatization of decoding and
spelling abilities is assumed to be established (Fitzgerald &
Shanahan, 2000).

Spelling development depends on individual skills,
such as letter knowledge and phonological awareness (i.e.,
identifying and manipulating phonemes; Caravolas et al.,
2012; Kim et al., 2010; Nielsen & Juul, 2016; Verhagen
et al., 2010). These core skills set the foundation for later
development of higher order writing skills (Berninger &
Winn, 2006), which, in turn, become powerful predictors
of school achievement and essential for literacy develop-
ment (Caravolas et al., 2001; Graham & Santangelo, 2014;
Treiman et al., 2019).

Basic phonological skills, which are usually targeted
and acquired during the early school years, are key to effi-
ciently and precisely encoding and developing lexical repre-
sentations (Landi & Perfetti, 2007; Perfetti & Hart, 2002;
see lexical quality theory; Perfetti, 2007). This development
is not restricted to schooling ages, as the lexical representa-
tions can still play a pivotal role in the orthographic preci-
sion abilities of adults (e.g., in reading tasks; Adelman
et al., 2014; Meade et al., 2018), as spelling ability depends
on many factors, ranging from vocabulary to linguistic
abilities or even literacy exposure (Perfetti, 2007).

Thus, it is not surprising that, in early childhood, basic
phonological skills are pivotal (Goswami, 2001; Melby-Lervag
et al, 2012). Core phonological knowledge (McLeod &
McCormack, 2015), such as phonological and phonemic
awareness, is learned in the first years of schooling (Caravolas
et al., 2001, 2005), but spelling does not solely build upon
grapheme—phoneme mapping (Seidenberg et al., 2022; Treiman,
2018), and thus, the development of spelling skills requires
further refinement during primary education. For example,
children also rely on graphotactical information (e.g., con-
textual features, letter patterns; Treiman et al., 2019; Vale &
Perpétua, 2020) or morphological, lexical, and orthographic
knowledge that develop in parallel (Caravolas et al., 2005;
Daffern et al., 2015; Salas, 2020; Treiman et al., 2019; see
the triple word form theory; Bahr, 2015). Therefore, phonol-
ogical abilities seem to be progressively relegated from the
spotlight, making way for other strategies that allow students
to regularize and perfect spelling abilities (Alves et al., 2018;
Bear et al., 2012; Treiman, 2017; Treiman et al., 2002).

However, spelling trajectories in SWs may follow a
different pattern, with slower and more irregular develop-
ment (e.g., Arfe et al., 2014; Dockrell et al., 2014; Graham
et al., 2018). In these populations, difficulties may be linked
to basic phonological deficits as they have been found to be
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related to performance on spelling tasks across different
groups with different diagnoses (Hoefflin & Franck, 2005;
Larkin & Snowling, 2008; Silliman et al., 2018). For exam-
ple, deaf children tend to produce plausible phonological
errors, and those with low aided audibility produce signifi-
cantly more phonological omissions (Quick et al., 2021),
whereas phonological errors in children with developmental
language disorder consist largely of consonant omissions
(e.g., “ecept” for “except”) and vowel and consonant sub-
stitutions (e.g., “dack” for “duck” or “den” for “then,”
respectively; Joye et al., 2020). To this end, the current
study focuses on developing a pseudoword screening tool
to discriminate between children with writing difficulties
and those with typical development.

What Does a Pseudoword Spelling
Task Involve?

Pseudowords do not have a semantic or lexical repre-
sentation (de Bree & van den Boer, 2019), so they offer a
window into the exploration of phonological spelling abili-
ties, in a context that can be exempted from morphological,
lexical, and semantical knowledge (i.e., there is no abstract
representation or a prior full lexical correspondence knowl-
edge to retrieve). In other words, the errors observed in the
task are proxies for poor phoneme-to-grapheme mapping
(Andrews et al., 2020; Daffern & Ramful, 2020). Errors in
dictation tasks have been used for screening purposes (Bear
et al., 2012; Daffern & Ramful, 2020; Sacre & Masterson,
2000), and especially, performance in pseudoword tasks has
been used as a proxy to detect, for example, writing diffi-
culties in children with dyslexia (Juul & Petersen, 2017,
Rothe et al., 2015; Van Vreckem & Desoete, 2018).

When exploring the performance of children who
might struggle with writing in pseudoword spelling tasks,
conflicting results have arisen. While several studies found
impaired performances in pseudoword accuracy (e.g.,
Friend & Olson, 2008; Juul & Petersen, 2017; Rothe et al.,
2015; Van Vreckem & Desoete, 2018), others did not find
any difference between children at risk of writing difficul-
ties and their peers (Bourassa & Treiman, 2008; Cassar
et al., 2005; Diamanti et al., 2014; Protopapas et al., 2013).
For instance, Dutch-speaking children with dyslexia exhib-
ited sustained phonological spelling difficulties through to
Grade 6 (Van Vreckem & Desoete, 2018) and Grade 9
(Juul & Petersen, 2017). Interestingly, besides intrinsic fac-
tors that can hinder performance, there are two within-item
factors that can influence performance in pseudowords:
stimulus length (Juul & Petersen, 2017) and the frequency
of the word from which the pseudowords have been derived
(Grainger et al., 2000; Ozubko & Joordens, 2011; Suarez-
Coalla et al., 2016). As per the dual-route model (Angelelli
et al., 2018; Cataldo & Ellis, 1988; Martin et al., 2020;

C. Perry et al., 2002), pseudowords have to be approached
from a sublexical pathway, and thus, manipulation of the
item features would be detrimental to better understand the
sublexical constraints.

Our Study

Our aim was to investigate whether a pseudoword
spelling task targeting core phonological encoding skills
helps distinguish between at-risk and typical students in
Catalan, an intermediate-depth language (Share, 2008),
based on previous findings of the prevalence of phonologic-
ally based struggles at these ages (Juul & Petersen, 2017).
In this case, Catalan, as an intermediate-depth language,
has eight vocalic and 33 consonantal sounds, which can be
represented by different graphemes depending on orthogra-
phical, morphological, lexical, or phonological criteria
(Salas, 2020). Catalan is a Romance language closely
related to Spanish, with which it shares a high degree of
morphosyntactic similarity (Salas, 2020; Tolchinsky, 2021).
Despite this, there is a paucity of evidence on spelling diffi-
culties in Catalan, as well as a lack of tools to detect them.
The few studies conducted on Catalan children show that
phonographic spelling is mastered earlier than orthographic
and lexical spelling (Llaurado & Tolchinsky, 2016; Salas,
2020; Tolchinsky, 2021). Only 10% of errors or less are pho-
nographically based at the third school grade (Tolchinsky,
2021). However, SWs may exhibit poorer performance and
a higher error rate on these words than typically developing
(TD) children, who are already proficient in the early ele-
mentary grades.

To test the psychometric properties of this task and
determine whether phonological encoding skills still help
distinguish between at-risk and TD children, we first con-
ducted a task-reliability analysis with TD children and
SWs, assessing its construct validity and discriminative
properties. Second, to assess the task in depth, we examined
each group’s performance based on the item’s properties.
Beyond assessing task potential, our main aim is to explore
performance within groups and pinpoint the main effects
that might be conditioning performance in the task (i.e.,
stimulus length or the frequency of the base word).

Accordingly, this study addresses the following
research questions: Can a pseudoword spelling task, which
targets phonological encoding skills, reliably distinguish
between at-risk SWs and TD Catalan-speaking children?
Do item-level properties, such as stimulus length and base-
word frequency, influence task performance?

We hypothesized that SWs would demonstrate signif-
icantly lower accuracy than TD peers, indicating persistent
weaknesses in phonological encoding skills. Longer pseudo-
words were expected to reduce accuracy for all participants,
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with a more pronounced effect in the SW group. Addi-
tionally, a facilitatory effect of base-word frequency was
anticipated, resulting in better performance on pseudo-
words derived from higher frequency words. If frequency
effects are observed, this would suggest the influence of
pre-established, contextually structured spelling patterns
over phonological units (Deacon et al., 2008; Treiman
et al., 2002).

Method
Ethics Statement

This project was carried out in compliance with the
guidelines of the research ethics committee of the Univer-
sitat Autonoma de Barcelona. As a part of a larger pro-
ject, the ethics committee approved the large-scale project
(January 22, 2016). As per the committee’s usual proce-
dure at that time, no reference number was provided with
this signed approval. Complementarily, for this specific
data collection, a good-practices document was signed
attesting that all data were collected in accordance with
the principles and guidelines established by the committee.
This project was reviewed annually by an external com-
mittee that specifically evaluated compliance with ethical
guidelines, adherence to the project’s aims, and advance-
ment of core objectives. Written informed consent to par-
ticipate in this study was provided by the participants’
parents or legal guardians.

Participants

We collected data from five urban schools in Barcelona
(Catalonia, Spain), which were participating in a larger
intervention study. All participating schools were public
schools located in middle-to-high socioeconomic status
(SES) areas, for a relatively homogeneous average of the
city’s educational and occupational representation. We
selected “regular” schools (excluding those labeled by the
Catalan Department of Education as “vulnerable” or “of
high complexity”), as previous research has shown how
the SES profile of a school can affect literacy development
beyond the familial SES (Salas & Pascual, 2023). Beyond
the classification of “regular” schools by governmental
agencies, we obtained information on parents’ occupa-
tions and quantified it using Ganzeboom et al.’s (1992)
index, which ranges from 20 to 90. Participants scored, on
average, 57.94 points (range: 30.50-74.80), which is linked
to a generalized middle SES (see Table 1 for a breakdown
by group). In all settings, the main language of instruction
was Catalan, and the majority of children had learned
Catalan in the public school by no later than 6 years of
age (first grade of primary education). Almost all students
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reported being enrolled since kindergarten in the public
system.1

A total of 98 students from a sample® of 107 were
included in this study, and full demographic information is
shown on Table 1. Participants were enrolled in Grades 3
and 5. To identify children at risk of writing difficulties,
students completed a series of writing tasks 1 year before
the data collection for the present study. To be classified as
an SW, children had to perform at least 1 SD below the
mean for their grade across (a) two handwriting fluency
tasks; (b) two text composition tasks, namely, a narrative
and an argumentative essay; and (c) a phonological-
spelling task. Children at risk of writing difficulties were
thus those who either showed low handwriting fluency or
low productivity in text composition (fewer words pro-
duced) or failed to reproduce the phonological structure of
dictated words, of varying lengths and complexity. In addi-
tion, to be categorized as an SW for the present study, writ-
ing difficulties in either domain (handwriting, productivity,
or spelling) had to be confirmed 16 months afterward
(Pascual et al., 2020; Pascual & Salas, 2021; for a detailed
report of performance on the screening tasks, see Table Al
of the Appendix). This identification protocol was devel-
oped following studies targeting struggling profiles in the
absence of standardized tasks (Mahfouz & Mohamed,
2023; Snyder & Ayres, 2020). Our screening procedure tar-
geted students whether or not they had received any kind of
learning or language diagnosis and regardless of whether
they had been receiving some curricular adaptation (Pascual
& Salas, 2021). A total of 43 children fulfilled the criteria
and constituted our SW group. Independently of the CBM
measures, 11 SW participants had also been priorly formally
diagnosed with a neurodevelopmental disorder at some point
during schooling and had an individualized educational pro-
gram implemented by the school when they identified at risk
of language delay behaviors. An age-matched, TD group of
students was randomly drawn from the larger sample as long
as they had (a) no prior language or learning disorder and
showed within-average performance across the abovemen-
tioned writing tasks (i.e., within 1 SD in handwriting, spell-
ing, and text-generation abilities). A total of 55 children con-
stituted the TD group. Participants’ distribution per group
was balanced across grades, y*(1) = 0.508, p = .476, as well

'Kindergarten (ranging from 3 to 6 years old) is not mandatory in
Spain and might be carried out in other settings (e.g., private, rural
schools, caretakers within the family). Two participants, one of each
group, reported accessing the public school system at first grade.

*Nine participants were excluded because they had received a diagnosis
of high abilities or “gifted” (n = 1), severe intellectual disability (n = 1),
and behavioral or emotional disorder (n = 5). One student was
excluded due to its newcomer status (n = 1); and another one, because
they did not complete the task (n = 1).
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Table 1. Demographic information per group.

Grade Sex Age ISEI
Group 3rd; 5th (n) Boys; girls (n) SD Range M SD Range
Struggling writers (n = 43) 25; 18 33; 10 114.5 13.18 85-135 53.56 13.76 30-75
Typically developing 28; 27 29; 26 105.80 16.58 81-136 61.64 10.93 32-75
controls (n = 55)

Note. ISEIl = International Socioeconomic Index.

as the participant’s sex distribution per grade, y*(1) = 0.039,
p = .844.

Task Development

The task of Pseudoword Spelling Evaluation in Catalan
Language (PSE-CL) was constructed with pseudowords
adapted from the Procesos Lectores (PROLEC; Cuetos
et al., 2010) task of word reading, by substituting between
one and four graphemes in each word. PROLEC stands for
“PROcesos LECtores” and is a standardized battery
designed to assess reading processes in Catalan-speaking
children (Cuetos et al., 2010). It evaluates components such
as word recognition, reading comprehension, and phonolo-
gical processing, making it a widely used tool in educational
and clinical contexts. All items were phonotactical modifica-
tions of the real Catalan words included in PROLEC. These
words were chosen after a discussion among a team of expe-
rienced researchers with expertise in linguistics, language
didactics, and clinical training in speech therapy. Items were
selected considering two main factors: frequency’ of the
base word (low-high frequency) and length of the stimuli
(short words of one to two syllables or long words of three
to four syllables). Accordingly, and due to the target of the
task, pseudowords were created to account for both phonol-
ogical and phonetic rules of occidental Catalan (see Table 2
for a summary and examples of items), such as representa-
tive syllabic structures of Catalan (V, VC, VCC, CV, CVC,
CVCC, CCVCQ), as well as frequent phonetic events either
within syllables or between syllables, such as those produced
due to chronolectal and geolectal variation (e.g., vocalic
reduction of [o0] to [u], which does not happen to all dialects)
to facilitate articulatory structures or simplification of con-
sonant groups (Bonet & Lloret, 1998; Carrera-Sabat¢ et al.,
2014; Sola et al., 2008; Wheeler, 2005).

We first carried out a pilot study to test the pseudo-
word’s reliability on an unselected sample of the same

3Frequency was determined by the online search engine of the Catalan
frequency dictionary of the Institut d’Estudis Catalans (IEC): https:/
latel.upf.edu/terminotica/diccfreq.htm (Rafel, 1996), which draws data
from the corpus of the IEC (29.266.353 words extracted from 2.288 non-
literary texts).

demographic features with 48 third and fifth graders (n =
24 in each group). The first version of this test consisted of
40 items. Once piloted, we calculated the internal consis-
tency through Cronbach’s alpha. Cronbach’s a coefficient
was .57. Due to low reliability, an exploration of the task’s
items prompted modifying six of the items. Modifications
were due to (a) ceiling effects on accuracy (n = 3), (b) high
similarity with a real word that led to sustained lexicaliza-
tions (n = 1), and (c) increased variability of syllabic struc-
tures (n = 2). Four additional items were incorporated in
the final task to increase the utterances of articulatory
events to ensure variability.

Procedure

Data gathering was carried out in quiet classrooms
during school hours and within the school premises with
small groups of a maximum of five children. This task was
implemented as part of a larger longitudinal project; thus,
it was administered alongside other written tasks at the end
of the school year (May to June) in an approximately 40-
min-long session (task implementation ranged from 12 to
14 min). Before starting, the experimenter explained to par-
ticipants that they had to write down the words they would
hear. The instructions specified that the items would be
unknown words to them, but they had to try to write them
as well as possible. The experimenter, a Catalan native
speaker, enunciated the words twice, and students had to
write them by hand. Enunciation was maintained at a
steady pace, with sufficient time in between to write, but it
was indicated to participants that, if they did not have time
to complete the word before hearing the next, they had to
jump to the next one.

Data Analysis

All data processing was carried out with R (R Core
Team, 2020). Participants’ data were transcribed by two
research assistants, who typed all responses, preserving spell-
ing from the original productions, and a computational analy-
sis was developed to avoid bias from raters. Next, we needed
to generate a glossary of all phonologically plausible versions
for each item, accounting only for grapheme-phoneme
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Table 2. Summary of main Catalan vocalic and consonant events that were considered within word.

Phonological event Variable Real-word example | PSE-CL item example
Vowel reduction in unstressed syllables | a/e > [a] oliva [ulia] [bekurdal]
o/u > [u] olive
Diphthong ascending [jo] dia [djs] [trensje]
descending [4j)/[é]] day
llei [Aé]]
law
Epenthesis [a]- escaner [askaner] [eskriAa]
scanner
Sonorization tg - [d3] fetge [fédza] [préndze]
liver
Assimilation [mf], [nt], [ng] amfibi [amfibi] [trumféza]
amphibian
Gemination [bb] futbol [fubbol] [siobbla]
football
Deafening at the end of the word [b] > [p] verd [bert] [bork]
[d] > [i] green
[9] > [K]
Mutening at the end of words —r -t fuster [fusté] [munald]
carpenter
Simplification of consonantic groups “-Id,” “-It,” “-nd,” “-nt” | profund [prufan] [ufparin]
“m(pt-" “-m(p)c” deep
compte [komta]
account

Note. PSE-CL = Pseudoword Spelling Evaluation in Catalan Language.

correspondences. We developed a script with the packages
stringi (Gagolewski, 2022) and matchmaker (Kamvar,
2020) for regular expressions (Wickham et al., 2023). All
letter alternations corresponding to contrasting phonemes
were deemed incorrect. For example, “s” is accepted for
both the voiced [z] and voiceless [s] phonemes, but the
grapheme “z” would only be accepted for the sound [z],
and the graphemes “ss” and “¢” would only be correct for
[s]. Overregulatory patterns derived from orthographic
knowledge were accepted, such as adding “h” to words
starting with vowels or adding an accent to stressed sylla-
bles. On the other hand, writing graphemes from the
Spanish alphabet, such as “ch” and “fi,” was not consid-
ered a correct representation. The item’s structure was reg-
ularized to account for present or absent clusters (e.g.,
“h”), anchored letters that did not allow for variation, and
clustered allographic variations. We analyzed our glossary
items. All words were transformed to regular expression
syntax, which means that different alternations within the
word were accepted and deemed as correct. These patterns
were tested and debugged, scanning for errors, false posi-
tives, and false negatives and for over- and underinclusion
with the web-based app Regex (regex101.com; Firas Dib,
2021). The automated scoring was implemented using a
dictionary-based function that matches results to entries in
the glossary via a key search, awarding 1 point for each
correctly spelled word. The first author and two research
assistants visually inspected all the results, scanning for
overinclusion or false positives. Before scoring words with
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errors as incorrect (0), they were further inspected by the
research assistants to ensure no false negatives.

Psychometric properties were examined using the pack-
age TAM (Robitzsch et al., 2024). We report Cronbach’s
alpha results, but to expand on these results, given critical
reviews of the usage of Cronbach’s alpha (Hayes & Coutts,
2020; Revelle & Condon, 2019), we accounted for the task
performance with McDonald’s omega (o; McDonald, 1999),
which does not require all items to contribute equally to
the measured construct. We also performed a second set
of analyses to assess the discrimination and difficulty of
the different items using item response theory modeling
(Choi & Asilkalkan, 2019), such as expected a posteriori
(EAP) reliability, which is a model-based index that
reflects observed score variance rather than measurement
error. These reliability measures have been shown to be
reliable at small scales and have previously been used in
spelling tasks (Daffern & Ramful, 2020).

To assess how well the task distinguishes the SW
group from the TD group, we conducted a receiver oper-
ating characteristic (ROC) analysis and further analyzed
the results. The ROC curve plots true-positive rates ver-
sus false-positive rates across different thresholds, and
the area under the curve (AUC) measures discriminabil-
ity, which is how effectively this task can differentiate
SWs across the range of scores. ROC curves have been
used to assess classification properties (Gil et al., 2021;
Giovagnoli et al., 2020; Ritchey & Coker, 2014). To find
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the optimal cutoff points for the task, using a reliable
measure independent of group size, we further explored
the Youden index (J) with the package cutpointr (Thiele
& Hirschfeld, 2021). Importantly, the ROC curve analy-
sis was also performed by grade to determine whether its
discriminatory effect differs, given the crucial turn point
between the third and fifth grade.

Afterward, we ran cross-classified multilevel models
(CCMLMs) in Mplus (Version 8; Muthén & Muthén,
2025). CCMLM is used for nested structures, such as in
this task, to account for the inherent cross-classification of
the data, given that there are multiple participant answers
per word and multiple words answered by participants,
and thus, random effects are accounted for participants
and items simultaneously (Van den Noortgate et al.,
2003). To explore the performance in the task by group
and grade while integrating both higher levels of variation
(spelling accuracy by students and by words), we built a
cross-classified analytical framework, also known as
multiple-membership analysis, which assessed the two
higher level sources of variation simultaneously, namely,
between children and between word variance (Cafri et al.,
2015). For this analysis, we used the Mplus (Version 8.3)
cross-classified procedure (Muthén & Muthén, 2025). The
intraclass correlation coefficients (ICCs) were calculated
for children and words using the 2/3 formula for the
measurement-level variance for binary responses (Wu
etal., 2012).

A preliminary test for possible school differences
(fixed effect) in terms of accuracy performance at the stu-
dent’s level was conducted within this analytical frame-
work and found all comparisons between them to be non-
significant (all bs < 1; all ps > .1). Therefore, school was
not considered as a factor in all subsequent analyses. This
insignificant level remained across all other pairwise com-
parisons. Thus, school affiliation was excluded from fur-
ther analyses, given that schools were not a factor in
explaining word accuracy difference. A similar test was
applied to test grade difference and found that children at
both grades performed at a similar accuracy of spelling,
yet in the final model, we included grade and its interaction
term with the group affiliation, that is, diagnosed versus typi-
cally developed children. It is important to note that five
schools were not enough to include as a higher random level.
Complementarily, between student (n = 108) and word (n =
44) variations showed ICCs higher than the threshold for inte-
grating these sources of variation (ICCgygen; = .068, ICCyy0rq =
.067). In the final model, we included word length and fre-
quency as additional independent indicators at the word level
as well as group and grade at the student level. An interaction
term between group and grade was tested in the final model.
Predicted marginal means were calculated using the Mplus
Model Constraint option.

Results

Psychometric Properties of the
Pseudoword Task

Internal consistency for the final 44 pseudowords was
assessed, with an overall acceptable Cronbach’s o of .73.
Assumption of unidimensionality was met, as omega statistics
for the proportional variance of all common factors was above
.7 (w = .75; Nahm, 2022; Ten Berge & Socan, 2004; Revelle &
Condon, 2019). With an EAP reliability of .673, the mean
item difficulty was o = —1.80 (SD = .90). In summary, the
task showed acceptable internal consistency and reliability.

The AUC was 0.86 (SE = 0.03; p < .001, 95% confi-
dence interval [CI] [0.80, 0.94]), indicating a fair perfor-
mance of the task to differentiate between SWs and TD
children, with a Youden index (J = .575; Youden, 1950)
that signaled 79% accuracy as the cutoff point, indicating
that scores below this threshold would fairly distinguish
SWs from their peers. Nonetheless, when observed by
grade, we found an excellent diagnostic performance, with
an AUC of 0.96 in third grade (J = .78; optimal cutoff
point at 82%), with sensitivity and specificity of .96 and
.82, respectively, but for fifth grade, there is a decrease to a
discriminative value with an AUC of 0.69 with sensitivity
and specificity of 0.81 and 0.61, respectively (J = .43; opti-
mal cutoff point at 79%).

Effects of Group and Grade in the PSE-CL

In the TD group, the Mccuracy Was 0.89 (SD = 0.05)
for Grade 3 and 0.85 (SD = 0.05) for Grade 5. In the SW
group, the Myccyracy Was 0.71 (SD = 0.10) in Grade 3 and
0.79 (SD = 0.09) in Grade 5. The cross-classified modeling
main effect results indicated that the SW group’s perfor-
mance was significantly below that of the control group
(b = —-0.505, posterior standard deviation (PSD) = 0.069,
95% CI [-0.642, —0.371], p < .001). In other words, when
we transformed the exponent of the b coefficient to obtain
the odds ratio, the mean predicted probability of success
for an SW participant was seven times lower than that of
the control group participant. However, the length and fre-
quency effects at the word level were found to be insignifi-
cant; that is, no difference in the probability of accurate
spelling was observed between longer and shorter words or
between more and less frequent words. Overall, the model
fit quality was high (posterior predictive probability = .489;
95% CI for c2 difference: [-11.98, 13.59]). Next, we added
the grade level as an additional main effect at the student
level, yet we could not reject the null hypothesis that grade
was not a factor in the probability of performing accurate
spelling. An interaction term between group and grade was
added and was found to be significant (b = 0.461, PSD = 0.132,

Pascual et al.: Pseudospelling Task for Screening in Classrooms 7

Downloaded from: https://pubs.asha.org 90.175.77.131 on 09/30/2026, Terms of Use: https://pubs.asha.org/pubs/rights_and_permissions



95% CI [0.205, 0.722], p < .001). By ranking the four sub-
groups (SW fifth graders, TD fifth graders, SW third
graders, and TD third graders), we found that typical stu-
dents at fifth and third grades showed the highest probabil-
ity to perform an accurate spelling (probability [prob.] =
768 and .801, respectively), whereas the probability of
accurate spelling for SW third graders was the lowest
(prob. = .664), and that of the SW fifth graders was slightly
higher (prob. = .721). These predicted probabilities are pre-
sented in Figure 1. By comparing the predicted probabilities,
we show that, contrary to our intuition, the TD third graders
had the highest average probability of successful spelling,
while the SW third graders were the lowest, and the SW fifth
graders were the second lowest.

Discussion

The purpose of this study was to measure the accu-
racy of a pseudowords task for identifying SWs. Our find-
ings in Catalan indicate that pseudoword spelling tasks,
such as PSE-CL, have good psychometric properties and
can be used in formal assessments to identify SW in
schools, especially in third grade. This is consistent with
previous research showing that pseudoword tasks have
proven reliable for assessing spelling ability in primary
school settings (Daffern & Ramful, 2020; Juul & Petersen,
2017; Rothe et al., 2015; Van Vreckem & Desoete, 2018),
as they target a basic skill of spelling development (i.e.,
phonological abilities), allowing to detect threshold scores
for children who struggle in writing activities (Larkin et al.,
2013; Rothe et al., 2015; Van Vreckem & Desocte, 2018).
SWs failed to establish grapheme-phoneme correspondences
at the same proficiency levels as their peers, tracing back to
a sustained difficulty with core grapheme—phoneme mapping
abilities, which seem to pose an everlasting constraint, still

Figure 1. Predicted mean probabilities of accurate spelling by group
and grade. Latin letters for marginal mean ranking from the lowest
“a” and upward. TD = typically developing; SW = struggling writers.
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tangible in the latter grades of primary education (Friend
& Olson, 2008; Juul & Petersen, 2017; Van Vreckem &
Desoete, 2018).

Regarding our first research question, whether a
pseudoword spelling task can help distinguish SWs, our
findings suggest that this task has the potential to discrimi-
nate between SWs and TD peers in the classroom. All task-
reliability measures indicated fair performance, specifically
a low-difficulty threshold close to ceiling effects. Nonethe-
less, it is not surprising that, for the general population, this
task might be oversimplified and readily accessible, given
their developmental trajectories.

When considering written performance on a discrimi-
natory task, we found that the task became relevant in the
early grades, such as third grade, when writing skills are
still consolidating and foundational processes are more pro-
nounced (Fitzgerald & Shanahan, 2000). At this intermedi-
ate stage, PSE-CL has demonstrated an excellent discrimi-
natory ability, but in later grades (i.e., fifth grade), we
observed a decrease in its sensitivity. This decrease can be
interpreted as evidence that Catalan is an intermediate-
depth language (Share, 2008), in which statistical learning
plays a key role (Kemp et al., 2015; Treiman, 2017). Chil-
dren from intermediate-depth languages cannot rely solely
on grapheme—phoneme correspondences and need to recruit
both lexical and sublexical knowledge to write (Ziegler &
Goswami, 2005). Thus, they develop a sensitivity to frequent
patterns and orthographic distributions that allows them to
quickly recognize and retrieve probable orthographic combi-
nations (Chetail, 2017; Treiman, 2017).

Importantly, SWs from both grades were outper-
formed by their TD peers, but the difference was more sub-
stantial in third grade. TD third graders ranked best on the
task, possibly due to recently consolidated, explicitly taught
spelling rules and the high instructional focus at this stage.
As students progress, pseudoword spelling tends to shift
from reliance on sublexical phoneme-grapheme mappings
toward higher order patterns and stored orthographic repre-
sentations, thereby reducing the diagnostic power of tasks
that primarily assess phonological conversion. As seen in
other intermediate or opaque-depth languages (Portuguese:
Fernandes et al.,, 2008; French: Sprenger-Charolles et al.,
1998), orthographic knowledge contributes to the construction
of final orthographic representations (Fernandes et al., 2008;
C. Perry et al., 2002). Building a complete orthographic repre-
sentation does not rely only on converting sounds into letters
in a strict way. The process is not all-or-none: Writers also use
larger, meaningful units, such as letter sequences or mor-
phemes, rather than depending solely on individual letters
(C. Perry & Ziegler, 2004; Treiman et al., 2002).

Furthermore, the use of morphophonological corre-
spondences (Nunes & Bryant, 2009) supports the development
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of sensitivity to orthographic knowledge and contextual
spelling patterns, similar to those observed in opaque lan-
guages (Deacon et al., 2008; Treiman et al., 2002). There-
fore, given that a pseudospelling task aims to minimize
lexical support and force writers to rely on phonological-
mapping spelling processes, it is not surprising that it is
most effective when used as a screening measure for youn-
ger learners rather than as a primary screening measure
for older students. Nonetheless, sublexical graphotactical
sensibility is present from early ages (Kemp et al., 2015;
Treiman, 1993, 2017), so it should be highlighted that adopt-
ing a multimeasure approach to identification is important,
especially in later grades, where reliance on a single task
may fail to capture the complexity and heterogeneity of writ-
ing challenges. Future research should examine how pseudo-
spelling performance interplays with other transcription and
text-level measures across development to refine screening
practices for SWs.

Our second hypothesis entailed how the performance
on the task could be conditioned by the item’s features.
Pseudowords have to be processed via the sublexical path-
way (as per the dual-route model), and thus, specific manip-
ulations of item features were expected to serve as bench-
mark effects to better understand the sublexical constraints.
Nonetheless, we did not find an item-based characteristic
(i.e., either length or frequency) that could be influencing
the performance. This result does not mean that item fea-
tures are irrelevant. Instead, it suggests that most of the dif-
ferences in performance come from individual abilities
rather than from the items themselves. When we account
for group or grade differences, there is very little variation
left at the item level to explain features such as length or
frequency, because the main source of variation is absorbed
by differences between participants. In fact, this interpreta-
tion aligns with the notion that performance on pseudo-
words may reflect an individual-level skill rather than item-
specific properties. Those who have generalized ortho-
graphic and phonological rules tend to apply them success-
fully across items, regardless of their specific characteristics,
whereas individuals who have not automatized these pro-
cesses may struggle consistently (Mlakar et al., 2025). This
is particularly relevant because pseudowords have tradi-
tionally been used to assess the degree of automatization of
spelling processes (Daffern & Ramful, 2020; Martinez-
Tomas et al., 2025).

In this case, our exploratory study cannot disentangle
the item’s features at play, but we have seen indices of super-
ficial differences in performance (see Table A2 of the Appen-
dix for a breakdown of the performance by items). Several
studies (e.g., with children with dyslexia) have pointed out
that length effects may be due to the syllabic complexity of
longer stimuli (Juul & Petersen, 2017; Martens & de Jong,
2006), and thus, future tasks should aim to test these effects

in more pronounced differences of length. Complementarily,
the frequency of the base word was expected to play a role
in the spelling decisions, due to the influence of pre-
established morphophonological correspondences (Nunes &
Bryant, 2009) as an alternate access to spelling, indicating
reliance on contextualized spelling patterns (Deacon et al.,
2008; Treiman et al., 2002). Future research should expand
our results and explore the performance of this task in other
grades and contexts.

The Triple Word Form Theory (Bahr, 2015) proposes
that spelling and reading involve the interaction of three
types of linguistic representations: phonological (sounds),
orthographic (letters and written patterns), and morphologi-
cal (meaningful units such as roots and affixes). This means
that sublexical spelling decisions would not rely solely on
phoneme-grapheme mapping strategies; they can also draw
on phonological, morphological, and orthographic knowl-
edge, and these sources may interact dynamically (Bitan
et al., 2007; Sprenger-Charolles et al., 2003). Future studies,
thus, should explore how and when these dynamics of the
different knowledge interact and how they impact the devel-
opmental trajectories for SWs. In this sense, we consider
that the orthographic depth (the degree of transparency
between sounds and letters) could also play a role in how
these forms are accessed (Tolchinsky et al., 2012; Ziegler &
Goswami, 2005). Sublexical correspondences and language
regularities may favor rapid, undifferentiated performance
early on in transparent languages, whereas semitransparent
and opaque languages will require the mobilization of early
lexical encoding skills (Caravolas, 2004; Fernandes et al.,
2008; Sprenger-Charolles et al., 2006).

Practical Implications

Although a substantial body of research has focused
on identifying reading difficulties, writing skills (and particu-
larly spelling) have received far less attention. We propose
that this task can serve as a practical classroom screening
tool, thanks to its straightforward and time-efficient adminis-
tration and scoring. Its simplicity allows teachers or class-
room assistants to implement it in a natural learning context,
minimizing disruption and reducing the need for referrals to
external professionals. Dictation-based tasks offer an ecolog-
ically valid approach that closely reflects everyday classroom
activities and facilitates seamless integration into educational
practice. This not only preserves instructional time but also
embeds assessment within authentic learning experiences.

Moreover, the task aligns with the principles of Uni-
versal Design for Learning by providing flexible and
accessible means of action and expression (Rose et al.,
2018). Using pseudowords enables students to demon-
strate phoneme-to-grapheme conversion skills without
relying on lexical memory, thereby reducing cognitive and

Pascual et al.: Pseudospelling Task for Screening in Classrooms 9

Downloaded from: https://pubs.asha.org 90.175.77.131 on 09/30/2026, Terms of Use: https://pubs.asha.org/pubs/rights_and_permissions



linguistic barriers and promoting inclusivity for learners
with diverse backgrounds and abilities. The format can be
adapted in terms of modality (e.g., handwriting, typing, or
speech to text), pacing, and visual support, ensuring par-
ticipation for students with motor, auditory, or processing
challenges. By incorporating these features, the assessment
fosters equitable opportunities to demonstrate spelling
competence within authentic contexts.

Importantly, spelling involves concepts and skills that
teachers routinely address in their daily practice, making
the interpretation of results straightforward and actionable.
Thus, the task is relevant not only for students but also for
professionals from diverse educational backgrounds, who
can easily extract meaningful insights. Nonetheless, it has
to be applied with caution, as it is does not substitute a full
battery of diagnostic tasks, and it should be used as a part
of formal assessment or a mere orientation to detect the
need for further literacy support, either (a) reinforcing pho-
nographemic activities in class, (b) following response to
intervention methods (Gillon et al., 2023), or (c) referring
students to a speech-language pathologist.

Limitations

Our current study is not without limitations. Results
should be interpreted with caution due to the particular lin-
guistic setting of Catalan. Further studies should explore other
grades and performance across other school levels, to establish
more accurate developmental and longitudinal markers. More-
over, larger samples that account for SES differences should
also be considered. A broader representation of socioeconomic
strata is more representative of societies, as previous research
has shown that school and parental SES (L. B. Perry et al.,
2022; Salas & Pascual, 2023) impact school achievement.
Moreover, it should be noted that this screening task serves as
a tool for further follow-up but does not treat or reveal under-
lying conditions that might have led to poor performance. We
recommend further exploration of dynamic assessment mea-
sures (Hasson et al., 2013; Lidz & Pena, 2009).

Conclusions

The PSE-CL is a useful task with good psychometric
properties for identifying SWs in primary education, espe-
cially in third grade. While these findings are based on a
relatively small sample, the results provide encouraging evi-
dence of the screener’s utility, and further research could
expand these preliminary findings. Grapheme—phoneme
mapping is an ability assumed to be mastered during early
schooling, and that progressively gives way to morphologi-
cal and orthographic strategies throughout schooling.
Nonetheless, we found evidence that, at the later grades of
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primary education, phonological correspondences may still
constrain SW cohorts.
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Appendix
Supplementary Sample Characterization and Detailed Accuracy Results in PSE-CL

Table A1. Mean (standard deviation) results in the identification measures for struggling writers group.

Struggling writers Typically developing controls
Measure 3rd 5th 3rd 5th
Handwriting Identification Score® 3.31 (1.41) 6.00 (2.45) 5.93 (1.98) 8.69 (2.47)
Spelling Identification Score® 16.92 (10.92) 20.45 (10.68) 25.32 (3.67) 28.75 (4.05)
Text Generation Identification Score® 27.90 (20.59) 58.05 (32.36) 49.96 (35.38) 83.86 (39.05)

Note. All tasks were carried out 18 months prior.

2Handwriting task measured with the alphabet task. Total score includes the number of letters written in 15" (Berninger
et al., 1992). PSpelling task from Salas (2020) scored in total nhumber of well-written words (34 maximum). “Average of total
amount of written words in two curriculum-based measurement texts (opinion essay and narrative text). Means have been
displayed for complementary information. Further details can be found in Pascual and Salas (2021).

Table A2. Mean accuracy (in %) in the Pseudoword Spelling Evaluation in Catalan Language task (mean and standard devia-
tion) per item features.

Struggling writers Typically developing controls
Grade Short psw. Long psw. Short psw. Long psw.
3rd grade High frequency 73.63 (2.31) 66.48 (3.51) 91.84 (1.38) 89.29 (2.21)
Low frequency 70.63 (2.70) 62.50 (2.75) 91.23 (1.61) 81.84 (2.11)
5th grade High frequency 77.60 (2.38) 74.68 (3.52) 90.18 (1.41) 80.36 (2.66)
Low frequency 76.86 (2.72) 64.77 (2.95) 85.80 (1.86) 82.55 (1.94)

Note. psw. = pseudoword.
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