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for Catalan-speaking children

Claudia Roca'**, Marta Sanz’, Cristina Cano', Victor Vilchez',
Aina Pujol’, Cristina Benlloch', Sara Montore' and
Llorenc Andreu’

'Fundacion Privada Diverse, Barcelona, Spain, ?Universitat Ramon Llull, Blanquerna, Barcelona, Spain,
SUniversitat Oberta de Catalunya, Barcelona, Spain

This study describes the design, development, and piloting of a universal literacy
screening tool for Catalan-speaking students (Grades 1-4) within a Multi-Tiered
System of Support (MTSS) framework. The instrument aims to support early
identification of students at risk of reading difficulties through an evidence-
based approach aligned with the school curriculum. The development
followed a multi-phase process, including theoretical conceptualization,
expert validation, and two pilot studies (Pilot 1, n =178; Pilot 2, n = 336). The
instrument assesses phonological awareness, alphabetic knowledge, lexical
processes, reading fluency, comprehension, and spelling processes.
Psychometric analyses examined item difficulty, point-biserial discrimination,
internal consistency (Cronbach’s alpha), and convergent validity. Results from
Pilot 1 supported item refinement and provided initial evidence of convergent
validity with established measures. Subsequently, Pilot 2 showed improved
point-biserial item discrimination and high internal consistency (a>.80).
Findings indicate that the C-DLec is a reliable and efficient tool for early
literacy screening in Catalan educational contexts, supporting data-driven
decision-making and prevention of academic difficulties.

KEYWORDS
Catalan language, digitalized, early identification, literacy acquisition, multi-tiered
system of support, psychometric properties, reading, universal screening

1 Introduction
1.1 Multi-Tiered system of support and early screening

Currently, the most common educational approach to addressing individual differences in
schools is the “wait-to-fail” model (Brown-Chidsey, 2007). This reactive strategy delays
support until a student demonstrates significant academic failure, at which point
achievement gaps are often too wide and costly to remediate (Fletcher et al., 2004; Vaughn
and Fuchs, 2003). To move beyond these limitations, the Multi-Tiered System of Support
(MTSS) has been developed and implemented as a proactive, school-wide framework for
prevention and intervention (Lassen et al., 2006; Tobin and Sugai, 1999). MTSS is often
associated with, and sometimes used synonymously with, frameworks like Response to
Intervention (RTI) and Positive Behavioral Interventions and Supports (PBIS), which focus
on addressing students’ academic and behavioral needs, respectively (Wexler, 2018).
Nevertheless, MTSS is typically understood to be a more comprehensive framework that
integrates both RTI and PBIS under a unified model of educational support (Stoiber, 2014).
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Harlacher et al. (2014) established the foundational principles in
MTSS. One of the fundamental principles of a MTSS is the belief that
all students can achieve grade-level standards when provided with
effective, appropriate instruction, regardless of factors such as
disability or socioeconomic background. MTSS operates within a
preventive framework, aiming to identify students who may need
additional academic or behavioral support before challenges
escalate. The core components of a MTSS include (Wexler, 2018):
(a) a structured model with multiple levels of support; (b) the
application of universal screenings to inform instruction; (c) the use
of progress monitoring to guide instructional decisions; and (d) a
problem-solving approach to selecting appropriate interventions
(Batsche et al., 2005). A fundamental feature of MTSS is its tiered
structure of increasing intensity, moving from Tier 1 universal
instruction to Tier 2 targeted small-group support and Tier 3
intensive, individualized intervention (Wexler, 2018). This system is
navigated via three interconnected processes: universal screening,
progress monitoring, and a collaborative problem-solving approach.
Universal screening identifies early signs of risk by comparing
student performance against established benchmarks, allowing for
the proactive categorization of students into appropriate support
levels. Once interventions are implemented, progress monitoring
through regular assessments, such as curriculum-based measures,
enables educators to evaluate support effectiveness and adjust
instructional intensity in real-time (Hixson et al., 2008; Shapiro,
2008). Finally, a structured problem-solving approach involves
collaborative teams who analyze the underlying causes of student
difficulties to design and evaluate intervention plans. This data-
driven cycle functions as a critical pre-referral mechanism, ensuring
that students receive evidence-based support within the general
education environment before formal special education evaluations
are considered (Gresham, 2014; Pluymert, 2014).

The adoption of an MTSS framework is supported by a robust
body of empirical research demonstrating its efficacy in improving
literacy outcomes and preventing long-term academic failure. Meta-
analyses and longitudinal studies have consistently shown that
MTSS models significantly reduce the number of students identified
with learning disabilities by providing immediate, data-driven
support (Burns et al, 2005; VanDerHeyden et al, 2007). By
utilizing universal screening to trigger early intervention, these
frameworks increase instructional efficiency, ensuring that intensive
resources are reserved for students who truly require them while
successfully remediating “at-risk” readers within Tier 2 settings
(Vellutino et al., 2006). Furthermore, research indicates that early
preventative models are more effective than later remedial efforts.
For instance, students in schools with high-fidelity MTSS
implementation show stronger growth in phonemic awareness and
oral reading fluency compared to those in traditional “wait-to-fail”
environments (Al Otaiba et al., 2014; Gersten et al., 2020).

1.2 Catalan language and literacy context

This work focuses on the development of a universal screening
tool for literacy in Catalan-speaking children. Catalan is one of the
co-official languages in Spain, primarily spoken in Catalonia, the
Valencian Country, and the Balearic Islands, with approximately
9 million speakers globally (Eberhard et al., 2022). Despite its
robust speaker base, Catalan exists in a diglossic tension with
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Spanish, the dominant state language. In Catalonia, Catalan is the
primary language of instruction under a mandatory language
immersion policy. This policy dictates that Catalan is the vehicle
for initial literacy acquisition and the medium for all non-
linguistic subjects. While Catalan is the language of schooling,
most children develop high proficiency in both Catalan and
Spanish. This widespread bilingualism is facilitated by social
immersion, as Spanish is pervasive in media, digital platforms,
and social interactions. Consequently, dual-language competence
is the standard, with the exception of newcomer students from
other sociolinguistic  variability
remains a critical factor; while some students are exposed to

native languages. However,
Catalan exclusively at school and speak Spanish at home, others
are raised in Catalan-only or bilingual households. This variation
in early language exposure and dominance underscores the need
for a standardized screening tool that can accurately assess
literacy development across diverse linguistic profiles.

Catalan is a Romance language characterized by a relatively
transparent orthography, particularly in the grapheme-to-
phoneme direction, which facilitates the initial acquisition of
decoding skills (Seymour et al, 2003). While it shares this
transparency with Spanish, Catalan presents a higher degree of
complexity in the phoneme-to-grapheme direction; various
orthographic alternations and the existence of multiple ways to
represent specific sounds can heighten the cognitive demands
on students as they reach more sophisticated levels of literacy
(Llauradé and Dockrell, 2020). The phonetic repertoire of
Catalan consists of approximately 30-32 phonemes, with slight
variations across dialects. Notably, it includes a distinctive eight-
vowel inventory, contrasting with the simpler five-vowel system
of Spanish. This includes crucial distinctions between open and
close vowels (/e/,/e/,/a/, and/o/) alongside the use of the reduced
or neutral vowel (/o/) in unstressed syllables across various
dialects. Most syllables follow a simple consonant-vowel (CV)
structure, and have limited clusters and blends (Colina, 1995;
Dols, 2000; Serra, 1996). These phonological nuances require
specific assessment measures that differ from those used in
Spanish-only tools. From a morphosyntactic perspective, Catalan
is a pro-drop language defined by its elaborate inflectional
system. Significant grammatical markers for gender and number
are applied to nouns, adjectives, and articles, and the language
utilizes a detailed set of clitics (pronoms febles) to serve various
syntactic roles. The verbal framework is similarly complex, with
extensive markers for mood, tense, aspect, person, and number.
Additionally, while the standard sentence structure is Subject-
Verb-Object (SVO), Catalan permits a high degree of syntactic
fluidity, allowing for more flexible word orders than those found
in many other European contexts. These specific linguistic
attributes—spanning orthography, phonology, and morphology
—form the necessary foundation for creating and testing literacy
screening tools tailored to Catalan-speaking populations.

In Catalonia, inclusive education is legally mandated by
Decree 150/2017, which establishes the provision of educational
support for students within an inclusive school framework. This
decree ensures that support is available to all students across all
grade levels, continuing through the transition to adulthood. The
approach reflects a political commitment to unify various
and types
comprehensive system designed to address the needs of every

interventions of educational assistance into a
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student throughout their education. To effectively plan support for
specific learning requirements, this system is organized around an
MTSS framework comprising three tiers consisting of universal,
additional, and intensive support. In this context, universal
screenings in Catalan could play a vital role in assessing all
students and offering valuable insights into their academic
performance. These assessments help educators identify learning
challenges early and implement appropriate prevention strategies
or interventions tailored to each student’s needs.

1.3 Theoretical foundations of literacy
screening

According to Jenkins et al. (2007), effective universal screening
must meet three essential criteria. The first is accuracy in
classification, meaning the tool must reliably identify which
students are at risk for academic difficulties and which are not.
The second is efficiency—since screening is conducted
universally, the process must be quick, cost-effective, and easy to
third

consequential validity (Messick, 1989), which emphasizes that the

administer, score, and interpret. The criterion  is
screening process should lead to positive outcomes. In other
words, students flagged as at risk should promptly receive
appropriate interventions, and the process should ensure fairness,
without disadvantaging any individuals or groups. In addition,
the availability of tests in digital format is a key element for
optimizing administration, scoring, and result interpretation.
According to Parshall et al. (2009), digital assessment tools offer
substantial advantages in terms of efficiency, accessibility, and
data quality. Specifically, they allow for: (a) more efficient item
and test design and administration; (b) a more dynamic and
accessible interaction for students; (c) rigorous data recording
that enables robust psychometric analyses and precise interpretive
reports; and (d) a scalable technical infrastructure that facilitates
large-scale implementation in educational contexts.

In the Catalan context, several literacy assessment instruments
are currently available, including the PROLEC-R (Cuetos et al.,
2014), Proves Gali (Badenes et al, 2011), Proves Canals (Canals,
1988), PECO (Ramos Sanchez et al., 2006), TALEC (Cervera
et al, 1991), and PACBAL (Font et al., 2016). However, while
these tools have historically supported literacy evaluation, their
utility within a modern, preventative MTSS is significantly
constrained. Most existing instruments were developed primarily
for clinical diagnostic contexts rather than universal school-wide
lack the

alignment and digital scalability necessary for efficient, high-

screening. Consequently, they often curriculum
frequency administration. Furthermore, many of these tests were
standardized over a decade ago—with some versions originating
in the late 1980s—meaning their normative data may no longer
accurately reflect the literacy profiles of the contemporary student
population in Catalonia. Additionally, several instruments offer
only a partial assessment of literacy, focusing exclusively on
specific skills such as phonological awareness. Therefore, the
absence of a digitized, updated, and comprehensive screening tool
represents a critical gap in the educational infrastructure,
hindering the ability of schools to transition from reactive models
toward the data-driven, early-identification practices mandated by
current inclusive education policies.
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This study aims to present the design and development of a
digitized universal screening tool to assess the reading and writing
achievement of Catalan-speaking children. A high-quality universal
screening tool for literacy development must meet several key
criteria to ensure effective early identification of students at risk for
reading difficulties. First, research consistently shows that multiple
measures yield greater classification accuracy than any single
indicator (Jenkins and O’Connor, 2002; O’Connor and Jenkins,
1999). Combining tasks such as phonemic awareness, letter naming,
and vocabulary enhances predictive power across early grade levels
(Foorman et al., 1998). Second, effective screens must address both
code-based (e.g., decoding, fluency) and meaning-based (e.g., oral
language, vocabulary) components of reading, as difficulties in
either domain can lead to long-term comprehension issues (Catts
et al,, 1999; Gough and Tunmer, 1986). Third, screening should be
conducted regularly, ideally at the beginning of each school year,
with additional mid-year rescreening or progress monitoring to
capture late-emerging difficulties and reduce classification errors
(Compton et al,, 2006; Vellutino et al., 2008). Finally, cut-points
must be contextually adapted, as definitions of unsatisfactory
reading vary across educational systems, and improved Tier 1
instruction may shift performance benchmarks over time. Overall,
while no single screening approach fits all contexts, a well-designed
screening tool must be multidimensional, developmentally
appropriate, responsive to instructional quality, and embedded
within a cycle of continuous monitoring and intervention. In this
paper, we describe the full process of designing, developing, and
piloting a universal screening tool for literacy in Catalan in grades 1
through 4, with the ultimate goal of producing a final version in a
digital format, psychometrically sound, and suitable for early
identification of at-risk students within a MTSS.

2 Method

The study was approved by the Ethics Committee of Universitat
Oberta de Catalunya under case file code CE25-PR08. Furthermore,
it was conducted in accordance with the ethical standards
established in the 1964 Declaration of Helsinki and its subsequent
(World Medical 2013). The
development, and elaboration of the final version of the test were

updates Association, design,
carried out through several sequential phases (see Figure 1). First,
a conceptualization and initial construction phase was conducted,
based on expert judgment, which enabled the definition of the
contents and the structuring of the second version of the test.
Second, a First Pilot Study (Pilot 1) was implemented, during
which a preliminary analysis of the items was performed, along
with an initial assessment of the reliability and validity of the
instrument. The findings from this stage led to the development
of the third version of the test. Finally, a Second Pilot Study
(Pilot 2) was conducted, including a further analysis of the items
and reliability, which resulted in the final version of the test.

2.1 Phase 1: conceptualization and
construction

This
conceptualization and the structural design of the screening

initial phase focused on the theoretical
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FIGURE 1
Methodology employed in the development of the C-DLec.

tool. In accordance with the methodological guidelines
established by Muiiz and Fontseca-Pedrero (2019), the stages
corresponding to the definition of the theoretical framework
and the construction of the test items were developed. The
test is designed to evaluate the literacy performance of
students from first to fourth grade of primary school. The
selection of this grade range as the target population for this
universal screening tool is based on both developmental and
curricular imperatives. Within the Catalan educational system,
this period encompasses the primary stage during which
students are expected to achieve an optimal level of literacy to
ensure a successful transition from “learning to read” to
“reading to learn” in subsequent school years. Research
indicates that this four-year span is a period of rapid
development where early identification of risk is most
effective; once achievement gaps emerge during this window,
they tend to broaden and become more resistant to
intervention in later grades (Connor et al.,, 2009; Stanovich,
2009). By focusing on this range, the tool provides the
necessary data to support students during the most critical
phase of literacy acquisition, ensuring that preventative
support is delivered while the academic curriculum is still

primarily focused on these foundational competencies.
2.1.1 Theoretical framework

According to current scientific evidence on literacy

development, extensive prior research identifies the core skills
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necessary for the systematic acquisition of reading and writing
both
A comprehensive literature review—encompassing foundational

across transparent and  opaque  orthographies.
studies and meta-analyses (e.g., Defior, 2004; Hoover and
Tunmer, 2020; Hulme and Snowling, 2014; Landerl, et al., 2022;
Seymour et al., 2003; Shaywitz and Shaywitz, 2020; Ziegler and
Goswami, 2005)—establishes a scientific consensus on the
essential areas of intervention in reading development. While
foundational models like the Simple View of Reading (Gough
and Tunmer, 1986; Hoover and Gough, 1990) provide a
their

orthographic depth. In transparent orthographies like Catalan or

universal framework, application must account for
Spanish, the direct correspondence between letters and sounds
facilitates a faster acquisition of decoding skills compared to
opaque systems like English (Aro and Wimmer, 2003; Seymour
et al.,, 2003; Ziegler et al., 2010). Research suggests that while the
underlying phonological mechanisms are universal, children
learning in transparent systems typically achieve high levels of
decoding accuracy by the end of the first year of instruction
(Seymour et al, 2003). Consequently, the predictive role of
phonological awareness in these languages is often more salient
during the earliest stages of literacy and may attenuate more quickly
as decoding becomes automated (Florit and Cain, 2011; Landerl
and Wimmer, 2000; Wimmer et al.,, 2000; Ziegler et al.,, 2010).
In this context, screening must shift focus toward reading
fluency and comprehension earlier in the developmental
trajectory to identify students who, despite accurate decoding,

struggle with the efficiency and meaning-making required by
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the curriculum (Cain et al., 2004; Kim, 2020). Based on these
cross-linguistic and local empirical studies, the core components
of literacy competence have been defined as a set of domains
and subdomains ranging from emergent alphabetic skills to
reading comprehension (see Cuetos and Vega, 2010; Cuetos
et al, 2014) such as phonological awareness, alphabetic code
knowledge, lexical processes (phonological and lexical routes),
reading fluency, spelling processes, reading comprehension, and
listening comprehension.

An exhaustive review of existing tests in the Catalan language
reveals six primary instruments aimed at the partial assessment of
some of these areas (see Supplementary Table A in the
Appendices). The review was conducted through a systematic
search. However, scientific research was only found for the
PROLEC-R (Cuetos et al, 2014) and PECO (Ramos and
Cuadrado, 2006) tests. Therefore, professional judgment was also
taken into account, and additional assessments —Proves Gali
(Badenes et al, 2011), Proves Canals (Canals, 1988), TALEC
(Cervera et al, 1991), and PACBAL (Font et al., 2016)—were
included. These are well-known among practitioners and widely
used in educational settings, but they have little to no presence in
indexed academic journals. However, most of these tests were
designed for clinical contexts and do not fully integrate pre-
reading and reading skills. Furthermore, the lack of digitized
versions limits their utility as screening tools in school settings.
Additionally, all available tests were constructed or standardized
over ten years ago. Consequently, the norms may not accurately
reflect the current characteristics of the Catalan student population.
This situation highlights the need for a digitized, updated, and
efficient screening tool, administered by specialized professionals,
that allows for a reliable and valid assessment of the literacy
profiles of students in the learning process, in accordance with the
current sociolinguistic and educational context of Catalonia.

2.1.2 Measurement variable

To define the construct that the DLec Program Screening Test
(C-DLec) aims to assess, the primary areas and blocks involved in
the literacy learning process were considered—phonological
awareness, alphabetic code knowledge, lexical processes, reading
fluency, spelling processes, and oral and reading comprehension
—in accordance with previous scientific evidence (e.g., Defior,
2004; Hoover and Tunmer, 2020; Hulme and Snowling, 2013;
Lander] et al.,, 2022; Seymour et al., 2003; Shaywitz and Shaywitz,
2020; Ziegler and Goswami, 2005). The selection of these
domains is grounded in both universal literacy models and the
specificities of the Catalan linguistic and educational context.
Phonological awareness and alphabetic knowledge were included
as they remain essential precursors for reading and writing across
all alphabetic scripts (Defior, 2004; Seymour et al., 2003; Ziegler
and Goswami, 2005). Spelling processes were prioritized because,
while decoding is acquired rapidly in Catalan, spelling remains a
persistent challenge due to arbitrary spelling (e.g., b/v or h
confusion) and specific phonological rules that require normative
learning. These domains align with the literacy standards defined
by the Catalan Department of Education, ensuring the tool is
socially valid for use in local school settings within a MTSS. This
ensures that the screening is not only theoretically sound but
local educators

practically useful for managing classroom
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diversity. This selection ensured that, despite being a screening
tool, the instrument possesses a sufficiently solid structure to
reliably evaluate students’ literacy performance.

Once the construct domains and blocks were defined, content
validity was analysed through judgment  (see
Supplementary Table B in the Appendices). Three independent

expert

experts were selected from the fields of education, intervention,
and clinical diagnosis, all possessing extensive knowledge of the
literacy acquisition process (see Table 1). Additionally, it was
ensured that these experts had scientific research experience and
no prior relationship with the research team or the instrument,
thereby guaranteeing their impartiality.

2.1.3 Specifications

At the beginning of Phase 1, before defining the different areas
that would make up the assessment, a set of administration
requirements was established, taking into account that the test is
embedded within an intervention program for literacy
development based on the MTSS model. Accordingly, it was
specified that: (a) the final version of the test must be
administered in a digital format using an electronic device.
Digitalization is considered essential in order to generate both
individual and group reports that provide information on the
child’s reading profile and allow for objective monitoring of
progress—at both the individual and classroom levels—based on
robust norms representative of the Catalan population; (b) the
individual,

tracking of each student across academic years and allowing for

administration must be enabling longitudinal
a precise analysis of the development of their reading and
writing skills; and (c) the assessment must be conducted in a
suitable and comfortable environment, free from distractions. In
addition, a set of participant requirements was established: (d)
students must have sufficient proficiency in the Catalan
language, as limited proficiency may hinder comprehension and
task performance; (e) they must be enrolled in the Ist, 2nd, 3rd,
or 4th grades of primary education, as these are the stages in
which the academic curriculum primarily focuses on the
acquisition of reading and writing skills; and (f) they must have
adequate hearing and vision to ensure proper task performance.

Table 2 details the structure of the test, including the
assessment areas and blocks, activity types, item formats, the
total number of items, response formats, and the corresponding
scoring system.

To prevent potential response biases (Wetzel et al., 2016),
clear, specific, and concise instructions were developed to
minimize the risk of leniency or severity bias during the

TABLE 1 Profile and field of work of the members of the independent expert committee.

Independent Profile
experts
Expert 1 Speech and language therapist | Education
and teacher
Expert 2 Speech and language therapist | Education and
clinical
Expert 3 Neuropsychologist Clinical
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TABLE 2 Test structure and specifications.

Area 2] eTel ¢ Activity

Phonological awareness Lexical awareness Word recognition

Syllabic awareness Syllabic segmentation
Syllabic synthesis
Rhyme awareness Rhyme identification
Phonemic awareness Phoneme segmentation
Phoneme synthesis
Alphabetic code knowledge | Grapheme reading Vowels

Consonants

Digraphs

Inconsistent consonants
Lexical processes Phonological route Simple syllable

Complex syllable
Digraph and digraph-like
Invariable structure
Lexical route Simple syllable

Complex syllable
Digraph and digraph-like
Invariable structure

Reading fluency Text reading

Comprehension Text Reading
Listening
Spelling Word dictation Simple natural

Complex natural

Digraph
Invariable
Arbitrary
Non-words dictation Invariable
*4-choice.
®3-choice.

assessment process. The C-DLec was designed according to
criteria for cultural, linguistic, and gender neutrality, utilizing
high-frequency vocabulary and avoiding words with cultural,
dialectal, or socially marked connotations. Furthermore, the
instructions addressed to the participants were formulated in a
clear and motivating manner to foster engagement throughout
the test. Before the start of each activity, an introductory video
is presented to illustrate the task to be performed. Once the
example has been viewed, the child may complete practice trials
until the evaluator confirms that the dynamics of the activity
properly
administration of the evaluative items proceeds.

have been understood, at which point the

2.1.4 Iltem construction

Once the construct intended for assessment by the C-DLec
was defined, along with its constituent areas and blocks, the
items for each block were developed. Student responses to each
item were quantified dichotomously (correct/incorrect), except
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Item type N° of items Response format  Scoring

Open-ended 6 Oral Dichotomous
Open-ended 6 Oral Dichotomous
Closed-ended” 6 Oral Dichotomous
Closed-ended” 6 Oral Dichotomous
Open-ended 6 Oral Dichotomous
Closed-ended® 6 Oral Dichotomous
Open-ended 5 Oral Dichotomous
Open-ended 20 Oral Dichotomous
Open-ended 2 Oral Dichotomous
Open-ended 8 Oral Dichotomous
Open-ended 8 Oral Dichotomous
Open-ended 8 Oral Dichotomous
Open-ended 8 Oral Dichotomous
Open-ended 8 Oral Dichotomous
Open-ended 8 Oral Dichotomous
Open-ended 8 Oral Dichotomous
Open-ended 8 Oral Dichotomous
Open-ended 8 Oral Dichotomous
Open-ended - Oral Continuous

Closed-ended” 5 Oral Dichotomous
Closed-ended® 5 Oral Dichotomous
Open-ended 4 Written Dichotomous
Open-ended 4 Written Dichotomous
Open-ended 4 Written Dichotomous
Open-ended 8 Written Dichotomous
Open-ended 8 Written Dichotomous
Open-ended 4 Written Dichotomous

for the reading fluency block; in this case, scoring is continuous,
as it assesses the number of words read correctly per minute
(WCPM).

Following the guidelines of Maldonado-Sudrez and Santoyo-
Telles (2024) (2017), two
complementary phases were conducted to verify construct validity.
First, rational validity was applied, consisting of an exhaustive

and Galicia Alarcon et al

review of the scientific literature. This review allowed for the
definition of areas, blocks, and items based on existing assessment
tools, as well as the determination of the number of items
required to adequately measure each block involved in the reading
and writing process. Second, expert judgment was employed to
evaluate the items according to different criteria (see
Supplementary Tables C and D in the Appendices). The same
three independent experts that participated in the definition of the
construct and the researchers co-authors of this study
independently evaluated the sufficiency, clarity, and coherence of
the items within each block. This process ensured that the
proposed items were comprehensible and inclusive for students
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from 1st to 4th grade in Catalan schools, and that they accurately
represented the construct that the C-DLec is intended to measure
(Mudiz et al, 2005). In addition to the expert committee, the
items were evaluated by the research team of the present study,
which consists of seven professionals with experience in the
intervention and diagnosis of learning disabilities from the fields
of psychology and speech therapy. This team, possessing extensive
knowledge of literacy assessment tools, applied the same criteria of
sufficiency, clarity, and coherence during the item review (see
Supplementary Tables C and D in the Appendices).

During the 2021-2022 academic year, an initial version of the
C-DLec (Version 1) was developed and analysed in detail through
the rational validity and expert judgment processes. This initial
analysis led to a consensus on the items forming the 2nd version
(Version 2) of the test. The primary modifications introduced
affected content, imagery, and the order of item presentation (see
Appendices). Within the
phonological awareness area, the sentence in item 2 of the lexical

Supplementary Table E in the

awareness block was shortened, as one of the experts suggested
that it is sufficient for sentences to contain between 3 and 6 words
to assess lexical awareness, and recommended including only one
sentence with more than six words in order to prevent memory
load from interfering with task performance. Additionally, one
distractor was removed from all items in the rhyme awareness
block, as discussions with experts indicated that identifying the
non-rhyming word is more appropriate when using an odd
number of images rather than an even number. Furthermore,
certain words were replaced with higher-frequency alternatives and
with simpler syllabic structures in the syllabic and rhyme
awareness blocks. In the phonemic segmentation block, one word
was changed because it was repeated in another block.

In the alphabetic code knowledge area, the order of item
presentation was reorganized, ensuring that consecutive items did
not include very similar sounds. One item was removed from the
digraphs and digraph-like elements block, as it was considered
unnecessary. Based on these revisions, an experimental paper-
based version was developed for the piloting processes, with
particular attention paid to its physical design to facilitate
implementation in subsequent phases. Finally, face validity was
considered a relevant factor in fostering motivation and a positive
attitude among the children during test administration.

2.2 Phase 2: pilot 1
2.2.1 Design

This is a non-randomized cross-sectional descriptive study.
2.2.2 Participants

The study included a total sample of 178 participants during
the 2022-2023 academic year, with ages ranging from 6 to 10
years. All children were enrolled in grades 1 through 4 of
primary education across three public schools in the province of
Barcelona (Catalonia). The participating centres had previously
formalized a collaboration agreement with the Fundacién
Privada Diverse, which authorized the conduct of the study. The
inclusion criteria for participants were as follows: (a) enrolment
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in a public or state-subsidized school in Catalonia; (b) being in
the 1st to 4th grade of primary education; (c) residing in
Catalonia for at least one year; and (d) possessing adequate
hearing, vision, and physical conditions to perform all
assessment tasks. The exclusion criteria included: (a) not having
resided in Catalonia for at least one year; (b) insufficient
proficiency in the Catalan language, as determined by the
evaluator during test administration; (c) presenting with severe
hearing loss, diplopia, or blindness; (d) having a diagnosis of
moderate or severe intellectual disability, regardless of the
existence of a formal statement of special educational needs, as
determined by the Educational Psychology Advisory Services
(EAP); and (e) failure to complete the full battery of assessment
tests scheduled for the study. Figure 2 shows the distribution of
the 178 students participating in Pilot 1, organized into four

groups according to their corresponding school grade.
2.2.3 Instruments
C-DLeg,

comprising several subtests grouped into specific areas, as
previously detailed, which allow for a comprehensive assessment

The primary instrument employed was the

of children’s reading and writing skills. The subtests included in
the battery are as follows:

« Phonological awareness: Assesses lexical, syllabic, rhyme,
and phonemic awareness, with a total of 36 items.

o Alphabetic code knowledge: Measures the ability to map
graphemes to their corresponding phonemes, categorized
into vowels, consonants, digraphs, and inconsistent
consonants (those requiring normative learning), with a
total of 35 items.

o Lexical processes: Evaluates both the phonological and
lexical routes through the reading of non-words and
words, respectively. Specifically, it measures the ability to
apply grapheme-phoneme conversion (phonological
route) and the global reading of familiar words (lexical
route). This subtest includes 64 items (32 items per route).

o Reading fluency: Assesses the number of words read
correctly per minute as an indicator of reading speed
and accuracy.

« Reading and listening comprehension: Measures the ability
to extract and construct meaning through literal,

inferential, and critical questions regarding both a

previously read written text and an oral text. This subtest

comprises 10 items (5 items per modality).

Pilot 1
n=178
) d d I}
First grade Second grade| | Third grade | | Fourth grade
n=45 n=46 n=45 n=42
FIGURE 2
Recruitment of the pilot 1 sample.

frontiersin.org


https://doi.org/10.3389/feduc.2026.1844266
https://www.frontiersin.org/journals/education
https://www.frontiersin.org/

Roca et al.

o Spelling processes: Examines the acquisition of natural,
invariable, and arbitrary spelling through the writing of
32 words.

Each item is dichotomously scored: a value of 1 is assigned to a
correct response and O to an incorrect response. The only
exception is the Reading Fluency subtest, in which the total
number of words read per minute is recorded based on each
participant’s performance.

To evaluate convergent validity, the following complementary
instruments were used:

1. Prueba para la Evaluacién del Conocimiento Fonoldgico
(PECO; Ramos et al.,, 2006): This test allows for both a
global and specific assessment of an individual’s

phonological knowledge at the syllabic and phonemic

levels in approximately 20 min. During administration,
the number of correct responses is recorded for each task.

The test includes a total of 30 words (five per exercise),

with one point awarded for each correct answer. For

interpretation, the total raw score for each section is
compared with normative tables and qualitatively

classified as “very high”, “high”, “average”, “low”, or “very

low”.

2. Proves Pedagogiques Gali (2011): Two subtests from this
battery were administered: reading fluency and natural/
arbitrary spelling. The reading fluency subtest quantifies
the number of words read correctly per minute during
the aloud reading of a text. The spelling subtest evaluates
the acquisition of natural and arbitrary spelling through
the writing of dictated sentences. Scoring follows official
criteria: the number of correctly read words per minute is
calculated, and spelling errors are tallied and compared
with normative tables to determine the student’s
orthographic level.

3. Bateria de Evaluacion de los Procesos Lectores, Revisada
(PROLEC-R; Cuetos et al., 2014): Several subtests were
administered, including letter reading, word and non-
word reading, and reading comprehension. The word and

reading (approximately 1-6 min)

specifically assesses the lexical and phonological routes. It

non-word subtest
presents a list of 40 words and 40 non-words of similar
structure and length, allowing for performance
comparison. Regarding text comprehension, a single
child’s
comprehension ability. This task takes approximately
10 min and involves reading the text followed by four

narrative text was used to estimate the

oral questions, with one point awarded for each

correct answer.

This combination of instruments ensures that the primary test
correlates with established measures of reading and phonological
performance, providing robust evidence of convergent validity.

2.2.4 Procedure
Following the completion of Phase 1 (conceptualization and

construction of the initial version), Version 2 was administered
to a sample of 178 students in Grades 1 through 4 of primary
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education across three schools in the province of Barcelona.
The aim of this pilot administration was to conduct an initial
study focusing on item analysis and the evaluation of the test’s
reliability and validity, to refine Version 3 of the instrument (see
Supplementary Table E in the Appendices for details). All tests
were administered by seven trained evaluators specializing in
literacy assessment and intervention, who had received specific
training in the administration of the C-DLec.

The sample size for this pilot phase is consistent with previous
methodological recommendations, which suggest that pilot studies
aimed at evaluating the clarity and initial functioning of an
instrument can be conducted with relatively small samples.
Specifically, Johanson and Brooks (2010) recommend a sample
of approximately 30 participants for initial scale development,
while Hertzog (2008) indicates that pilot studies typically involve
small samples (often 20—40 participants) and are appropriate for
refining instruments and procedures.

2.2.5 Statistical analysis

The C-DLec is designed to be a valid and reliable measure of
the literacy profiles of students in Grades 1 through 4, allowing for
the identification of strengths and difficulties across the various
domains of literacy competence. To validate its use as a school
screening instrument, a pilot study was conducted based on
Version 2 of the The Pilot 1
comprehensive psychometric analysis focusing on three main

test. study included a

aspects:

o Item Analysis: Item difficulty

discrimination indices were calculated to identify items

and  point-biserial

that did not contribute adequately to the measurement of
the literacy construct. These were subsequently adjusted
for the next version of the test. [Discriminatory power
ranges from —1 to 1, where 0 indicates no correlation;
values below .20 are considered unacceptable (Ebel, 1965)].

o (b) Internal Consistency: Cronbach’s Alpha coefficients
were calculated for each subtest and for the total test to
determine the internal consistency of the instrument,
ensuring that items provide coherent measures within
each competency area. [Subtests are considered to have
high internal consistency when the Cronbach’s Alpha
value exceeds .90 (Nunnally and Bernstein, 1994)].

o (c) Convergent Validity: Correlations were calculated
between the items of the C-DLec and other standardized
reading and writing tests administered to the same
participants. This assessed the extent to which the items

thereby

[The

magnitude of the coefficients is classified as very low

(.10—29), moderate (.30—.49), high (.50-.69), very high

(.70—.89), and nearly perfect (.90-1.0) (Hopkins, 2002)].

measure the same underlying construct,

confirming its validity as a screening tool.

All statistical analyses were performed using RStudio software
(version 4.3.1), applying established statistical methods for the
psychometric evaluation of educational instruments. The results
of this pilot study served to optimize the items, strengthen
reliability, and refine the Version 3 of the test, guaranteeing its
suitability for application in school settings.
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2.2.6 Results

First, a qualitative assessment of the C-DLec performance was
conducted. The results indicated that students perceived the test as
engaging and motivating. Furthermore, the number of items was
found to be appropriate, allowing for administration in under
35-40 min, and participants correctly understood the task
procedures. These initial findings suggest that the test is suitable
for students in grades 1 through 4 from both a motivational and
organizational perspectives.

Subsequently, a psychometric analysis of the Version 2 items
was performed, focusing on the difficulty index and the point-
biserial discrimination coefficient to identify underperforming
items. In phonological awareness (see Supplementary Table F in
Appendices), the results indicate a ceiling effect for several
items: items 7 and 8 were answered correctly by all 1st-grade
students; items 7, 8, 10, 11, 12, 25, 26, 27, and 32 by all 2nd-
grade students; and items 7, 9, 10, 11, 13, 14, 16, 17, 26, 27, and
32 by all 4th-grade students. Consequently, the point-biserial
discrimination could not be calculated for these items, which
was expected as phonological awareness is generally consolidated
in higher grades. Most of the remaining items showed
acceptable (r>0.20),
students with high overall performance responded correctly to

discrimination levels indicating that

most items. However, some items showed insufficient
discrimination and are therefore considered unacceptable: items
14, 15, 18, and 22 in 1st grade; items 9, 16, 17, 22, and 34 in
2nd grade; and items 1, 8, 18, 23, 24, 30, 31, and 34 in 4th grade.

In the alphabetic code (see Supplementary Table G in
Appendices), a large number of items were answered correctly
by all students. This was expected, as alphabetic code knowledge
is typically consolidated between 1st and 2nd grade, preventing
the calculation of the point-biserial discrimination coefficient.
Several items showed insufficient discrimination (r < 0.20): items
5, 6, 11, 17, 21, 24, 28, and 36 in 1st grade; items 11, 13, 18, 19,
20, and 33 in 2nd grade; items 3, 6, and 12 in 3rd grade; and
items 10, 14, 16, 20, 22, 28, 29, 33, and 34 in 4th grade.
Regarding lexical processes—lexical route (see Supplementary
Table H in Appendices), all items in 1st and 3rd grade showed
acceptable discrimination (r>0.20). However, in 2nd grade,
items 1, 2, 4, 6, 8 12-17, and 32 reached a ceiling (100%
accuracy), while items 3, 5, 9, 18, 20, 21, 25, and 26 showed
insufficient discrimination. In 4th grade, items 1, 8, 9, and 11
reached a ceiling, while items 3, 6, 10, 12, 13, 14, 15, 17, and 31
were considered unacceptable due to low discrimination. In the
lexical processes—phonological route (see Supplementary Table I
in Appendices), all items in 3rd grade showed acceptable
discrimination (r>0.20). In 1st grade, all items were acceptable
except for item 3. In 2nd grade, items 1, 2, and 4 reached a
ceiling, while items 3, 13, 14, 16-18, and 20-22 showed
insufficient discrimination. In 4th grade, item 1 reached a
ceiling, while items 3, 5, 7, 11, 12, 17, 19, 20, 22, 26, 27, and 30
were unacceptable. In the reading comprehension (see
Supplementary Table ] in Appendices), most items—except for
item 1 in 1st grade and item 3 in 4th grade—achieved
acceptable (r>0.20),

students with high overall performance successfully answered

discrimination levels indicating that

these items. In the spelling processes (see Supplementary Table K
in Appendices), items 14, 16, and 20 in 1st grade, items 6 and 7
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in 2nd grade, and item 14 in 3rd grade were not answered
correctly by any student (floor effect), preventing the calculation
of point-biserial discrimination. Additionally, items 10 and 12 in
Ist grade; 1, 2, 16, 18, and 20 in 2nd grade; 12 in 3rd grade;
and 12 and 14 in 4th grade showed insufficient discrimination.

Overall, most of the test items demonstrated adequate
difficulty and discrimination levels, validating the instrument’s
utility for assessing the literacy profiles of students in grades 1
through 4. Nevertheless, specific items were identified that will
require revision or modification for Version 3 of the test (see
Supplementary Tables F-K in Appendices).

To analyze the reliability of Version 2 of the test, the internal
consistency of each subtest was examined using Cronbach’s Alpha.
The results are presented in Table 3.

In general, the values obtained demonstrate acceptable, good,
or excellent internal consistency depending on the grade level and
the subtest. These results suggest that each of the assessed areas
possesses an adequate degree of reliability, indicating that the
corresponding items contribute to the consistent measurement
of the same underlying construct.

To examine construct validity, specifically convergent validity,
the scores from each subtest of the C-DLec were correlated with
several external criteria administered concurrently (as described
in the Instruments section). This approach allows for an
assessment of the extent to which the areas evaluated are
associated with established measures of equivalent competencies.
The results are presented as correlation coefficients between
each test domain and its corresponding external criterion.
Table 4 presents the correlation coefficients for each test—
criterion relationship.

In 1st grade, the results indicate positive correlations of high to
very high magnitude between the subtests and the external
criteria. Specifically, Phonological Awareness presents a very high
correlation with the PECO test, while Alphabetic Code and
Lexical Processes (both lexical and phonological routes) show
high correlations with their equivalent measures. Similarly,
Reading Fluency demonstrates a very high correlation with the
Gali text. In 2nd grade, most correlations remain within the
high and very high ranges. However, the correlation observed in
Phonological Awareness decreases to a moderate level; this may
indicate a reduced alignment between this subtest and the
external criterion as reading proficiency advances. Conversely,
the remaining areas— including Lexical Processes and Fluency—
maintain high correlations. In 3rd grade, all significant
correlations again present high and very high magnitudes,
showing a strong association between the screening tool and the
external reading measures across phonological processing, lexical
processing, fluency, and reading comprehension. In 4th grade,
the results continue to show significant positive correlations,
though with a general trend toward slightly lower values,
particularly in the subtests related to Lexical Processes.

2.2.7 Discussion

The psychometric analysis of the items in the Pilot 1 phase of
Version 2 provided a preliminary assessment of item difficulty,
discrimination, reliability, and the convergent validity of the
These results

assessed areas. enabled the reconfiguration,

modification, and/or removal of specific items to define the
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TABLE 3 Results of the internal consistency analysis (Cronbach’s alpha) for the C-DLec (version 2).

Subtest [n items] 1st Grade [n =48]

2nd Grade [n = 46]

3rd Grade [n=45] 4th Grade [n =42]

Phonological awareness [36] 0.868 0.722 0.872 0.780
Alphabetic code [37] 0.695 0.710 0.911 0.639
Lexical processes—Lexical route [32] 0911 0.666 0.980 0.717
Lexical processes—Phonological route [32] 0.903 0.772 0.955 0.719
Comprehension [4] - - - -

Spelling [20] 0.822 0.640 0.873 0.865

n items = number of items within each category; n = number of participants.

TABLE 4 Pearson correlation coefficients (rs) for the test-criterion relationship of each area relative to each external criterion.

Subtest [Nitems] External criteria

rs

1st Grade
[n =45]

2nd Grade
(n=46)

3rd Grade
(n =45)

4th Grade
(n=42)

Sig. rs

Sig. rs Sig. rs Sig.

Phonological awareness [36] PECO [30] 0.784 p<.05 0.410 p<.05 0.681 p<.05 - -
Alphabetic code [37] Prolec-r [20] 0.566 p<.05 - - - - - -
Lexical processes—Lexical route [32] Prolec-r [40] 0.824 p<.05 0.584 p<.05 0.723 p<.05 0.463 p<.05
Lexical processes—Phonological route [32] Prolec-r [40] 0.620 p<.05 0.675 p<.05 0.662 p<.05 0.348 p<.05
Reading fluency [text] Gali [text] 0.869 p<.05 0.930 p<.05 0.886 p<.05 0.676 p<.05
Comprehension [4] Prolec-r [4] - - - - 0.754 p<.05 0.568 p<.05

n items = number of items within each category; n = number of participants.

third version (Version 3), considering the specific requirements of ~ adequate  discrimination,  they = demonstrated  optimal

each grade level.

First, within the phonological awareness area, the results reveal an
asymmetrical pattern in item difficulty and discriminative power
across grades. As expected, this reflects the developmental
trajectory of phonological competence throughout primary
education. As shown in the results section, the fact that certain
items reached a ceiling effect—particularly in Grade 4—suggests
these elements possess excessively low difficulty for these stages.
Given that phonological awareness tends to be fully consolidated by
Grade 2 overly simple items may lose their informative value
beyond certain ages. Consequently, items 7, 8, and 9 were removed,
as they were correctly answered by nearly all participants in Grade
1, and new items were introduced (see Supplementary Table E in
Appendices). However, the remaining items were retained despite
their low difficulty; we anticipate that a larger sample size will yield
greater response variability, thereby improving point-biserial
discrimination indices that currently fall below .20.

Second, the results in alphabetic code indicate that many items
were answered correctly by all students. Since alphabetic code
knowledge is a prerequisite for literacy and is typically
consolidated between Grades 1 and 2, these results were
anticipated. Nevertheless, in instances where discrimination could
be analysed, it was found to be high for most items, suggesting
they should be retained for future versions with larger samples.
Exceptionally, items 28 through 34 were removed or modified as
they did not contribute significantly to the test’s value (see
Supplementary Table E in Appendices). Third, regarding lexical
processes, the items will be maintained
Although some items in Grades 2 and 4 did not initially show

in future versions.
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discriminative power in other grades. This discrepancy may likely
be attributed to sampling factors, such as small group sizes or
low heterogeneity in reading performance, which can limit the
variability required for precise discrimination estimates. Minor
adjustments were made to items 16, 20, 21, and 31 because these
non-words contained the neutral vowel “o”. In Central Catalan,
unstressed/o/ and/u/ merge (e.g., motriu is changed to mutriu).
Therefore, the changes were made to ensure the non-words were
clearly phonologically distinct and that the scoring was not biased
by regional pronunciation habits which could lead to evaluator
confusion during scoring (see Supplementary Table E in
Fourth, regarding reading comprehension, the
analysis of item difficulty and discrimination was favorable,
justifying their retention. Nonetheless, one additional item was
included for Grades 1, 2,
consistency of the test across these levels. Fifth, in spelling
processes, the results showed that some items were answered
incorrectly by all participants, a finding consistent with the
expected developmental level of the grades. This issue will be
addressed once cut-off scores are incorporated into the C-DLec.
Regardless, some changes were implemented: item 12 was
replaced with one of lower complexity; item 14 was modified to
evaluate the same orthographic rule using a word without
accentuation (e.g., giiestio was replaced with aigiiera); and 12 new
stimuli were added to assess both invariable spelling (e.g.,
jaqueta) and arbitrary spelling (e.g., hivern).

Finally, concerning convergent validity, the results confirm a
high to very high correlation and consistency between our test
areas and established instruments. This reinforces the test’s

Appendices).

and 3 to enhance the internal
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capacity to coherently assess the processes involved in reading
competence. However, the increasing complexity of the C-DLec
items—specifically regarding syllable count and structure in
lexical processes compared to other tests—may introduce
performance variability. This could slightly affect the measure’s
internal  consistency and reduce its alignment with
external criteria.

Overall, the findings suggest that Version 2 demonstrates
sound general psychometric properties. Despite minor variations
in item discrimination, the test maintains a robust structure and
adequate internal consistency, supporting its use as a screening
tool within an MTSS framework. Future versions will selectively
revise items with weak or null discrimination. Additionally,
subsequent iterations will involve a larger, more representative
sample of the Catalan primary school population (Grades 1-—4).
These versions will also include reordered, modified, or removed
items to ensure construct representativeness. Finally, establishing
grade-specific cut-off scores will provide scoring criteria that are
more sensitive to the expected reading proficiency at each grade
level, more and  developmentally

ensuring precise

appropriate assessment.

2.3 Phase 3: pilot 2
2.3.1 Design

The same design as in the Pilot 1 study was followed.
2.3.2 Participants

The study included a total sample of 336 participants during the
2023-2024 academic year, with ages ranging from 6 to 10 years. All
children were enrolled in grades 1 through 4 of primary education
across 14 schools in the province of Barcelona (Catalonia). The
participating centres had previously formalized a collaboration
agreement with the Fundacién Privada Diverse, which authorized
the conduct of the study. The inclusion and exclusion were the
same than in Pilot 1. Figure 3 shows the distribution of the 336
students participating in Pilot 2, organized into four groups
according to their corresponding school grade.

2.3.3 Instruments
Version 3 of the C-DLec was employed for this phase. The

specific assessment areas and the number of items for each
subtest are detailed in the Pilot 1 Instruments section.

Pilot 2
n=336
! I} I} 4
First grade Second grade| | Third grade Fourth grade
n=53 n=111 n= 100 n=72
FIGURE 3

Recruitment of the pilot 2 sample.
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2.3.4 Procedure

Once the third version was defined, a pilot study with 336 students
from grades 1 to 4 was conducted prior to the final validation study to
verify the necessity of retaining each proposed item.

Following the analysis of the Pilot 2 results, minor

3

modifications were implemented in several items (e.g., “to
ensure cultural neutrality and avoid potentially sensitive content
that could interfere with task engagement”). Additionally, the
listening comprehension area was formally introduced. These
refinements resulted in the definitive final version of the test. All
the group of

professionals involved in the Pilot 1 study.

assessments were administered by same

2.3.5 Statistical analysis

The statistical software used to address the study objectives
was RStudio (version 4.3.1). Based on the Pilot 2 sample, a
second analytical iteration was performed focusing on: (a) item
difficulty
discrimination; and (b) test reliability, assessed via Cronbach’s

analysis, including item and  point-biserial
Alpha. The analysis followed the same psychometric criteria

specified in the previous statistical analysis section.
2.3.6 Results

First, a psychometric analysis of the Version 3 items was
conducted, focusing on the difficulty index and the point-
biserial discrimination coefficient to identify underperforming
items. In the phonological awareness (see Supplementary Table L
in Appendices), the results indicate that most items show
acceptable discrimination levels (r>.20). However, several items
exhibited
considered unacceptable: items 18, 21, and 23 in Grade 1; items
14, 16, and 23 in Grade 2; and item 24 in Grade 3. In the
alphabetic code (see Supplementary Table M in Appendices), the

insufficient  discrimination and are therefore

results indicate that all items across all grades show acceptable
discrimination levels (r>.20), except for item 5 in Grade
3. Regarding lexical processes—both lexical and phonological
N, O
Appendices) show that items across all grade levels present

routes—the results (see Supplementary Tables in
acceptable discrimination (r>.20).

In the reading comprehension (see Supplementary Table P in
Appendices), the results indicate that all items across the
different

(r>.20), suggesting that students with high overall performance

grades achieved acceptable discrimination levels
successfully answered most items. In the spelling processes (see
Supplementary Table Q in Appendices), several items were not
answered correctly by any student (floor effect), preventing the
calculation of the point-biserial discrimination. These include
items 9-18, 20, 22, 26-28, and 30-32 in Grade 1; items 11, 12,
18, 25-28, and 30-32 in Grade 2; items 18, 26, 28, and 32 in
Grade 3; and items 27 and 28 in Grade 4. Furthermore, items 4
and 19 in Grade 1; 9, 13-17, 19, and 20 in Grade 2; 16 and 22
in Grade 3; and 14, 17, 26, and 30 in Grade 4 exhibited
insufficient discrimination and are thus considered unacceptable.
To analyse the reliability of the Version 3 of the test, the
internal consistency of each subtest was examined using

Cronbach’s Alpha. The results are presented in Table 5.
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TABLE 5 Internal consistency results (Cronbach’s alpha) for the C-DLec (version 3).

1st Grade [n =53]

Subtest [n items]

2nd Grade [n = 111]

10.3389/feduc.2026.1844266

3rd Grade [n =100] 4th Grade [n =72]

Phonological awareness [36] 0.878
Alphabetic code [35] 0.961
Lexical processes—Lexical route [32] 0.985
Lexical processes—Phonological route [32] 0.981
Reading fluency -

Comprehension [5] 0.937
Spelling [32] 0.821

n items = number of items within each category; n = number of participants.

2.3.7 Discussion

The psychometric analysis of the Version 3 items in Pilot 2
of item difficulty,
discrimination, and reliability across all assessed domains. These

provided a precise approximation
findings facilitated the validation of the definitive version of the
C-DLec for each grade level, ensuring its readiness for school-
wide implementation. In the area of phonological awareness, the
presence of certain items with insufficient discrimination in
Grade 1 may be attributed to the inter-individual variability
inherent in the early stages of literacy acquisition. This pattern
aligns with literature describing the progressive evolution of
phonological awareness—from rhyme and syllable recognition to
phonemic  manipulation—reaching generalized  stabilization
toward the end of the initial cycle (Hulme and Snowling, 2014;
Nkurunziza, 2024). We opted to retain the four items with
discrimination values below .20, as they discriminated correctly in
Grade 4; we anticipate that larger, more heterogeneous samples
will yield improved results. Additionally, item 20 was modified
(see Supplementary Table E in Appendices) because the syllabic
complexity of the word barca (boat) caused student confusion.
the alphabetic

discrimination for nearly all items. While item 5 showed lower

Regarding code, results showed adequate
discrimination in Grade 3, all items were retained across Grades
14 to ensure the battery captures the automated grapheme-
phoneme correspondence processes essential for literacy
consolidation. Items in the lexical processes area—evaluating both
phonological and lexical routes—demonstrated acceptable
discrimination values across all grades. This highlights the
instrument’s sensitivity in capturing differences in recognition
efficiency, consistent with dual-route models (Coltheart et al,
2001). For reading comprehension, results exhibited a robust and
homogeneous pattern, with point-biserial discrimination values
exceeding .40 for all items, suggesting the instrument accurately
captures semantic integration and inferential reasoning. However,
of the reliability

comprehension reveals a specific psychometric pattern of interest.

a closer examination coefficients  for
While the coefficient was exceptionally high in Grade 1
(alpha =.937), it moderated to more typical levels in Grade 2
(alpha =.764) and Grade 3 (alpha=.766). This “Alpha Paradox”
can be attributed to the high variance in reading readiness during
the first year of primary schooling. In Grade 1, high heterogeneity
—clearly distinguishing between students who have begun to
master decoding and those who have not—mathematically

inflates the alpha coefficient. As instruction becomes more
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0.894 0.868 0.957
0.925 0.885 0.961
0.973 0.973 0.983
0.971 0.967 0.972
0.764 0.766 0.816
0.848 0.874 0.924

universal in subsequent grades, the sample becomes more

homogeneous, resulting in more stable alpha values that
accurately reflect the subtest’s reliability once basic decoding is
established. Spelling processes presented unique psychometric
challenges. Given the increasing hierarchy of difficulty (natural,
invariable, and arbitrary spelling), heterogeneous results across
grades were expected. In Grades 1 and 2, several items could not
be analysed due to a lack of response variability, resulting in
significant floor effects. While floor effects are often viewed as a
psychometric limitation, in the context of a developmental
screening tool, they serve as evidence of the instrument’s
developmental sensitivity. The inclusion of these difficult items is
intentional; it ensures that the C-DLec possesses a sufficiently
high “ceiling” to remain informatively useful as children progress
into Grades 3 and 4. These complex spelling items prevent the
tool from losing its discriminative power as students’ spelling
skills mature, allowing for the longitudinal tracking of growth
within the MTSS framework. Rather than a weakness, these
results confirm that the subtest is properly calibrated to capture
the full trajectory of spelling acquisition—from initial struggles
with natural orthography to the eventual mastery of arbitrary rules.

In summary, the internal reliability (Cronbach’s Alpha)
demonstrated good to excellent consistency across subtests.
These results suggest that each of the assessed areas presents an
adequate degree of reliability, indicating that the corresponding
items contribute to the consistent measurement of the same
underlying construct. This robust psychometric foundation
reinforces the utility of the C-DLec as a reliable e-health tool for
the early identification of literacy risks.

3 General discussion

Early identification and tailored instructional intervention are
crucial for preventing adverse outcomes and promoting school
success. Universal screening facilitates the identification of
literacy profiles within a school-wide framework. This study
describes the evidence-based development of the first Catalan
universal screening tool for literacy within an MTSS framework
(Harlacher et al., 2014).

In the
instruments to evaluate literacy performance in the Catalan

Catalan context, the absence of standardized

language hinders the implementation of quality MTSS. Most

existing tools are developed in Spanish or are designed for
clinical diagnosis rather than school-wide screening. There is a
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notable lack of comprehensive Catalan tools that integrate
phonological awareness, the alphabetic principle, decoding,
fluency, and comprehension for Grades 1—4.

The initial conceptualization of this tool was based on a review
of previous scientific literature (e.g., Defior, 2004; Hoover and
Tunmer, 2020; Hulme and Snowling, 2013; Landerl et al., 2022;
Seymour, Aro, and Erskine, 2003; Shaywitz and Shaywitz, 2020;
Ziegler and Goswami, 2005), establishing the core components
of the screening battery. This framework ensures that the
instrument maintains sufficient psychometric robustness to
evaluate student performance in reading and writing. The
structural domains were validated by a panel of external experts,
effective

reinforcing  construct  validity.

identification criteria (Jenkins

Following early
2002), this

screening tool provides key indicators of literacy—phonological

and O’Connor,

awareness, letter naming, decoding, fluency, writing, and
comprehension—with high convergent and content validity.
This screening tool meets three essential criteria for effective
implementation (Jenkins et al., 2007):

1. Classification: It precisely identifies students at risk relative
to local populations.

2. Efficiency: It is cost-effective and easy to administer,
allowing for regular rescreening and progress monitoring
(Compton et al., 2006).

3. Validity: It provides reliable results to offer personalized,
inclusive intervention.

The robust internal consistency and refined item discrimination
reported in this study are fundamental to the tool's primary
function within an MTSS framework: the accurate classification of
students into tiers of intervention. Within this model, the
reliability of the subtests ensures that the resulting scores can be
used to establish statistically sound cut-off points or performance
benchmarks. Specifically, the high Cronbach’s alpha values
obtained across the literacy domains provide the necessary
confidence to utilize Tier 1 (Universal) results as a primary filter.
Students whose scores fall within the expected range for their
grade level will continue to receive high-quality classroom
instruction. Conversely, for students falling below the established
thresholds, the discriminative power of the items allows for a
more precise identification of those requiring Tier 2 (Targeted)
small-group interventions or Tier 3 (Intensive) individualized
support. By ensuring that the subtests are both reliable and
developmentally sensitive—as evidenced by the high Alphas in
lexical processes and the intentional difficulty hierarchy in
spelling—the C-DLec minimizes classification errors (false
positives and false negatives). This psychometric precision is
critical for the sustainable implementation of MTSS in Catalan
schools, as it ensures that intensive educational resources are
directed toward the students with the greatest evidence-based
need, thereby shifting the educational culture from a “wait-to-fail”
model to a proactive, data-driven prevention model.

4 Limitations and future research

of the
screening tool, several limitations should be acknowledged.

Despite the positive psychometric properties
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First, the non-randomized sample and heterogeneity across
certain grade levels may have affected the preliminary
robustness of the preliminary psychometric results. Second,
factor analysis was not conducted at this stage, as item
refinement is still ongoing; this analysis is planned for the
final version using a representative sample. Third, the absence
of test-retest reliability data limits the assessment of score
stability over time. In addition, inter-rater reliability has not
yet been examined and should be addressed in future studies
to ensure consistency across evaluators.

Future research should include a comprehensive psychometric
analysis of the final digitalized version of the universal screening
tool, along with its standardization process. Longitudinal studies
with larger and more representative samples will also be
necessary to establish grade-specific cut-off scores that reflect the
developmental trajectory of literacy and support more accurate
educational decision-making.

5 Implications for practice

A critical aspect of this screening tool is its social validity. It
was developed to be user-effective regarding administration
time, cost, and training. Digitalization of the final version will
further facilitate its usability. Ultimately, this tool is designed to
be aligned with a MTSS, allowing the educational community to
effectively track literacy outcomes for all students.
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