
Vol.:(0123456789)

International Journal of Early Childhood
https://doi.org/10.1007/s13158-023-00386-7

1 3

ORIGINAL ARTICLE

Technology‑Based Assessment of Phonological Awareness 
in Kindergarten

Renáta Kiss1  · Benő Csapó2

Accepted: 15 December 2023 
© The Author(s) 2024

Abstract
Previous research has shown that phonological awareness is one of the most impor-
tant prerequisites for early reading. Monitoring its development requires reliable, 
easy-to-use instruments especially in the last years of kindergarten. The present 
study aims to explore the potential for assessing phonological awareness and some 
of its subskills through online testing. Participants of the study were 317 kinder-
garteners (Mage = 6.61, SD = .54 years). The instruments developed for this study 
within an online assessment platform in two assessment dimensions (syllable and 
phoneme awareness) contain nine subtests (syllable synthesis, segmentation, dele-
tion; phoneme identification in different sound environments, identification of pho-
neme position, identification of initial phonemes, phoneme synthesis and segmenta-
tion). The results of the study show that: (1) the test is a reliable assessment tool 
for kindergarteners’ phonological awareness skills; (2) according to the underlying 
measurement model of phonological awareness, the tasks are separated based on 
particular operational components independently of the size of the language ele-
ment involved; (3) segmentation tasks proved to be the most difficult parts of the 
test; and (4) the media effect is insignificant. The online test aims to emphasize the 
importance of online testing and the inseparable relationship between measuring 
and developing phonological awareness, prompting teachers to rethink their teach-
ing methods. It also introduces a new tool for educators to use, tailored to children’s 
needs but potentially challenging for teachers with lower ICT literacy, requiring 
methodological support, ultimately providing a new opportunity for kindergartens.
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Résumé
Des recherches antérieures ont montré que la conscience phonologique est l’une des 
conditions préalables les plus importantes pour la lecture précoce. Le suivi de son 
développement nécessite des instruments fiables et faciles à utiliser, en particulier 
au cours des dernières années de l’école maternelle. La présente étude vise à ex-
plorer le potentiel d’évaluation de la conscience phonologique et de certaines de ses 
sous-compétences par le biais de tests en ligne. Les participants à l’étude étaient 
317 enfants de maternelle (moyenne = 6,61, écart-type = 0,54 ans). Les instruments 
développés pour cette étude au sein d’une plateforme d’évaluation en ligne dans 
deux dimensions d’évaluation (conscience des syllabes et des phonèmes) contien-
nent neuf sous-tests (synthèse des syllabes, segmentation, suppression ; identification 
des phonèmes dans différents environnements sonores, identification de la position 
des phonèmes, identification des phonèmes initiaux, synthèse et segmentation des 
phonèmes). Les résultats de l’étude montrent que (1) le test est un outil d’évaluation 
fiable des compétences de conscience phonologique des enfants de maternelle ; (2) 
selon le modèle de mesure sous-jacent de la conscience phonologique, les tâches sont 
séparées en fonction de composantes opérationnelles particulières, indépendamment 
de la taille de l’élément linguistique concerné ; (3) les tâches de segmentation se sont 
avérées être les parties les plus difficiles du test ; et (4) l’effet de support est insig-
nifiant. Le test en ligne vise à souligner l’importance des tests en ligne et la relation 
indissociable entre la mesure et le développement de la conscience phonologique, 
en incitant les enseignants à repenser leurs méthodes d’enseignement. Il introduit 
également un nouvel outil pour les éducateurs, adapté aux besoins des enfants mais 
potentiellement difficile pour les enseignants ayant une faible maîtrise des TIC, né-
cessitant un soutien méthodologique, et offrant finalement une nouvelle opportunité 
pour les jardins d’enfants.

Resumen
Investigaciones anteriores han demostrado que la conciencia fonológica es uno de los 
requisitos más importantes para la lectura temprana. El seguimiento de su desarrollo 
requiere instrumentos fiables y fáciles de usar, especialmente en los últimos años del 
jardín de infancia. El presente estudio tiene como objetivo explorar el potencial de la 
evaluación de la conciencia fonológica y algunas de sus subhabilidades a través de 
pruebas en línea. Los participantes en el estudio fueron 317 niños de preescolar (Mage 
= 6,61, SD = .54 años). Los instrumentos desarrollados para este estudio dentro de 
una plataforma de evaluación online en dos dimensiones de evaluación (conciencia 
silábica y fonémica) contienen nueve subpruebas (síntesis silábica, segmentación, 
supresión;identificación de fonemas en diferentes entornos sonoros, identificación de 
la posición de fonemas, identificación de fonemas iniciales, síntesis y segmentación 
de fonemas). Los resultados del estudio muestran que (1) la prueba es una herrami-
enta de evaluación fiable para las habilidades de conciencia fonológica de los niños 
de preescolar; (2) de acuerdo con el modelo de medición subyacente de la conciencia 
fonológica, las tareas se separan en función de componentes operativos particulares 
independientemente del tamaño del elemento lingüístico implicado; (3) las tareas de 
segmentación resultaron ser las partes más difíciles de la prueba; y (4) el efecto de 
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los medios es insignificante. La prueba en línea pretende destacar la importancia de 
las pruebas en línea y la relación inseparable entre la medición y el desarrollo de la 
conciencia fonológica, incitando a los profesores a replantearse sus métodos de ense-
ñanza. También introduce una nueva herramienta para uso de los educadores, adap-
tada a las necesidades de los niños pero potencialmente desafiante para los profesores 
con menor alfabetización en TIC, que requiere apoyo metodológico, proporcionando 
en última instancia una nueva oportunidad para los jardines de infancia.

Introduction

Reading is one of the main conditions for individuals’ integrating into society, but 
a number of international and national surveys indicate that a considerable propor-
tion of today’s young generation leaves school with poor reading skills. Importantly, 
many problems of poor reading are rooted in early development; early diagnostic 
assessment of precursor skills is therefore essential for successful decoding and 
fluent reading. Furthermore, it is vital to monitor the progress children make with 
the skills and cognitive factors at the foundation of reading comprehension (Hsuan 
et al., 2018). The early stage of skill development and thus future reading success 
are determined by several components. A number of studies have demonstrated that 
phonological awareness plays a crucial role among the linguistic skills in develop-
ing early reading skills (Lonigan et al., 2013); it is confirmed as an early predictor 
of reading, while the predictive power of phonological awareness measured during 
the kindergarten years is significant (Afsah, 2021; Derby et  al., 2020). There are 
numerous variations in defining phonological awareness in the literature, and both 
psychological, linguistic, and pedagogical approaches are equally relevant. Phono-
logical awareness is an umbrella term encompassing conscious access to the internal 
structure of words and the ability to break them down into different sized units (such 
as syllables and phonemes) (Csépe, 2006), accessing linguistic units and perform-
ing operations with them (Blomert & Csépe, 2012; Gillon, 2004), as well as skills 
involving the identification and manipulation of phonological units within words 
(Hayes & Flanigan, 2014).

The growing number of studies showing the significance of phonological aware-
ness and the number of instruments examining that area are also growing. Given the 
potential for digital technology, methods of assessment are becoming more child-
friendly and objective. A number of fundamental studies and books have been pub-
lished which provide details on this increasingly varied research methodology for 
this cognitive factor of reading (Landerl et  al., 2018; Muñoz et  al., 2017; Palmer 
et al., 2018).

Previous methods for measuring phonological awareness have been based on 
face-to-face, live-voice delivery, but, as technology has advanced, the potential for 
ICT (Information and Communications Technology) has come into prominence. 
Computer-enhanced instruments and computer/software-based developmental 
games have emerged, whose objectivity and cost and time savings are significant. 
The child population in the twenty-first century uses ICT tools even before learning 
to read and write (Furman et  al., 2018; McKenney & Voogt, 2012; Romero-Tena 
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et al., 2020), and well-designed apps and online games can also boost early literacy 
skills as well (Sari et al., 2019). Also, phonological game-based modules could play 
a significant role in developing phonological awareness skills (Kanapathy, 2019). 
After reviewing survey methods for phonological awareness inside and outside Hun-
gary, we have taken advantage of the opportunities provided by ICT. Having also 
considered teachers’ and pupils’ positive approach to this area and children’s knowl-
edge of information technology, we have undertaken the task of designing an online 
phonological test for use in the kindergarten and primary school environments.

Development of Phonological Awareness and its Role in Acquiring Reading Skills

The psychological, linguistic, pedagogic and logopedic approaches to phonologi-
cal awareness are evenly relevant. According to Bruinsma (2003), Ellis (2009) and 
Graves et al. (1998), phonological awareness is a significant metalinguistic skill in 
which language appears as the object of thinking and is dominated by operations 
among language elements. This skill is a transition between spontaneous speech 
acquisition and learning and teaching how to read. Phonological awareness encom-
passes: the conscious skills of accessing the internal structure of words and of seg-
menting words into units of different lengths (into syllables and sounds) (Csépe, 
2006); access to different linguistic elements and the ability to do operations with 
them (Blomert & Csépe, 2012); and the skills of identifying and manipulating pho-
nological units within words (Zugarramudi et al., 2022).

Research suggests that the ability to identify and differentiate phonemes repre-
sents an outstanding predictor of later reading performance (Gharaibeh et al., 2019; 
Ziegler & Goswami, 2005). The most important factor in early literacy is phonologi-
cal awareness (Carson et al., 2013; Deacon, 2012; Duff et al., 2014; Wackerle-Hol-
lman et al., 2013). Schuele et al. (2008) highlight that early phonological awareness 
training for low-achieving children has a positive impact on children at risk for read-
ing difficulties (e.g. on spelling). According to Barbour et al. (2003) and Goswami 
(2002), there are two different levels that can be identified: the phonological and 
phonemic levels. The phonological (or non-phonemic) level consists of making up 
rhymes, segmenting syllables and separating syllables and rhymes. Phonemic aware-
ness includes manipulating skills as well, deconstructing (segmenting) words into 
sounds, blending words from sounds (synthesis), identifying the position of indi-
vidual phonemes in words (isolation) and substituting or omitting sounds within a 
word (deletion). Based on the approach presented by Farrall (2012), phoneme-level 
awareness develops by the final phase of kindergarten. Several theories agree that 
phonological awareness is one of the most determining factors in the early period of 
reading development (Carson et al., 2013; Wackerle-Hollman et al., 2013); moreo-
ver, within phonological awareness, phonemic awareness measured at preschool age 
becomes prominent (Duff et al., 2014).

According to the available literature on phonological awareness, syllable-level 
phonological awareness emerges during preschool age in an individual’s language 
development (Ziegler & Goswami, 2005). Certain "simpler" subskills of phonemic 
awareness, such as identifying or differentiating speech sounds, also develop at this 
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stage. It is important to note that in Anglophone cultures, schooling begins at the 
age of five, and children in the last year of preschool, in the so-called preschool 
phase, start to learn letters within the educational framework. In Hungary, targeted 
education for children of similar ages is not common, but this does not mean that 
there are no children in Hungarian kindergartens who acquire the ability spontane-
ously and/or in other non-institutional settings.

The development of phonological awareness in English and Hungarian-speaking 
children, as well as the similarities and differences in their development, are high-
lighted by Jordanidisz (2011) in a study examining phonological awareness in bilin-
gual children. Jordanidisz (2011) explains the developmental differences in terms 
of variations in phonological awareness development, differences in phonological 
structure, and the different timing of introducing reading instruction in the two cul-
tures. The comparison presented by Jordanidisz (2011) shows that, except for the 
mentioned two linguistic units, the same components appear in both languages, but 
the timing and pace of their development differ. For example, in English, rhyming 
appears first, followed by syllable segmentation and synthesis, while in Hungarian, 
syllable segmentation and synthesis emerge first, followed by rhyming. Both cases 
are followed by manipulation of phonemes. Differences in phonological structure are 
influenced by the isolating nature of English and the agglutinative nature of Hungar-
ian and related aspects of complex words. Another important factor in teaching read-
ing is that, unlike in the Anglophone world, where institutionalized reading instruc-
tion begins at the age of five, Hungarian children start to learn the basics of reading 
and writing 1–2 years later, at 6–7 years old (Jordanidisz, 2011). Furthermore Hun-
garian orthography is renowned for its high level of transparency. In a transparent 
writing system, there is a direct one-to-one correspondence between letters and pho-
nemes, simplifying the task of decoding and enabling learners to read words with 
accuracy (Csépe, 2005). Consequently, the pronunciation of words can be reliably 
predicted based on their spelling. The Hungarian language boasts a finely detailed 
writing system, where individual sounds are typically represented by distinct graph-
emes, such as letters or letter combinations (Bóna & Váradi, 2022). Additionally, the 
spelling of words closely mirrors their pronunciation. In languages with high granu-
larity, readers can depend on consistent sound-symbol relationships, facilitating the 
process of decoding and reading. Hungarian maintains a robust grapheme-phoneme 
correspondence, ensuring that each letter consistently represents a specific sound or 
phoneme (Ihász et al., 2023). This regularity streamlines the learning of reading and 
allows for the dependable application of phonics principles.

Investigating phonological awareness has become increasingly important since 
the 1970s. Investigation and survey trends on the national and international levels 
show great diversity; nevertheless, the innovative survey options of the twenty-first 
century have not been exploited entirely, if at all. To become a proficient reader, 
there are four main areas that require development: (1) phonemic awareness, which 
involves recognizing and manipulating individual sounds within words, (2) phonics, 
which focuses on understanding the connections between letters and sounds, (3) flu-
ency, which entails reading with speed and accuracy, and (4) comprehension, which 
involves understanding the meaning of the text. Additionally, experts have identified 
five key steps in the process of learning to read: (1) phonological awareness, which 
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involves becoming aware of the sounds in words, (2) letter-sound relationships, 
which entails learning the letters and the sounds they represent, (3) vocabulary 
expansion, (4) fluency in reading smoothly and accurately, and (5) using compre-
hension strategies to understand what is being read. Phonological awareness, includ-
ing its subskill phoneme awareness, plays a crucial role in these processes. Despite 
operating at different linguistic levels (syllable and phoneme levels), phonological 
awareness involves common mental operations, such as segmentation, synthesis, 
isolation, and manipulation of language units (Elmesalamy & El-Ater, 2022). Rath-
von (2004) examined phonological awareness based on (1) a lack of standardiza-
tion among tasks, (2) the relative predictive utility of various tasks during different 
periods of reading development, and (3) examiner and scorer variance. It was found 
that the order of the recordings of the task types during the tests was not determined 
in every case, with the context of the tasks, their level of difficulty, their complexity, 
the person who supervised the survey and the method of providing answers show-
ing differences. The predictive value of tasks is not quite clear; there are divergences 
by language and instrument as well. In Hungary, recordings based on face-to-face, 
live-voice delivery are common; however, graphics, tasks with previously recorded 
audio materials (sample materials) and manual aids to help complete the tasks have 
emerged in line with international trends. Among the national tests in Hungary, 
there are proprietary tests (e.g. Gósy, 1995/2006) and adapted instruments (Jorda-
nidisz, 2011). The most widely used instrument is DIFER, a school readiness test 
battery (Nagy et al., 2004); some of its subtests are already available in an online 
version as well (Csapó et al., 2014).

As the majority of the studies reported in the literature were related to Eng-
lish (see Blomert & Csépe, 2012), an investigation carried out in Hungarian may 
enrich the results of the research on learning reading in shallow orthography lan-
guages generally (see Landerl et al., 2018; Pfost et al., 2019). In languages with a 
shallow orthographic system, that is, where elements in word recognition consist 
of relatively few and/or small units, components of the writing system and spoken 
language elements show many similarities and thus the level of phoneme awareness 
develops sooner. In contrast, in deep orthography languages, where the correlation 
between writing system components and spoken language units is less clear, the first 
phase of reading development is delayed.

The development of phonological awareness can also be tracked by changing task 
complexity. The difficulty level of phonological awareness tasks can be approached 
not only by the size of each language unit and the complexity of the operations to 
be performed (identification, differentiation and manipulation/operation level), but 
also by changing word frequency (high-frequency and low-value words) as well 
as breadth and depth of vocabulary knowledge (Hadley & Dickinson, 2020) and 
semantic interpretation (real words or non-words) (Racsmány et al., 2005), as well 
as the position of the voice within a word (at the beginning, middle or end), quality 
(voicing, duration, and manner and place of articulation) and environment (before or 
after a vowel or consonant or between two vowels or consonants).

In different orthographies, word frequency comes to the forefront for word rec-
ognition, decoding and spelling and other areas of literacy (e.g. letter identifica-
tion and writing) (Yoon, 2015). In a cross-lingual comparative study, Csépe (2013) 
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found that decoding is a key element in the development of phonological awareness 
in all orthographies. She included five languages in her study, the highly transparent 
Finnish and Hungarian, the moderately transparent Dutch and the least transparent 
Portuguese. Juhász and Kálló (2017) found that the length and number of syllables 
in the word could also be significant for serial perception, and word frequency may 
be an influencing factor with the same word length. They found that children achieve 
better with familiar words or with words to which they have attached a positive emo-
tional element, perhaps because those words may feel shorter.

Familiarity with particular words can be eliminated with non-words. The Hun-
garian non-word test (Racsmány et al., 2005) provides an adequate set of non-words 
for phonological awareness assessments and other tests. The non-words correspond 
to the phonology of the Hungarian language in their phonotactic structure, but 
they have no semantic meaning. We have seen an increasing number of attempts 
to find empirical evidence for the construct validity of phonological awareness 
tests. Research in the domain has produced some theoretical models. Adams (1990) 
claims that phonological awareness comprises five levels, Goswami and Bryant 
(1990) argue that three levels may be distinguished, and Barbour et al. (2003) pro-
pose a two-dimensional model. According to Adams (1990), the theoretical levels 
refer to the cognitive skills involved in the manipulation of the linguistic units. How-
ever, in the latter two models, the size of the linguistic units is relevant.

Assessment of Phonological Awareness

In a number of countries (e.g. in Britain and the USA), children can already read and 
write in the year before primary school, so the development of their phonological 
awareness accelerates, because in these areas preschool program is available before 
school entry (Van Tilborg et al., 2018) found that children recognise that sounds can 
be manipulated or that different sounds are represented by different letters as early as 
in kindergarten. Pullen and Justice (2003) and Storch and Whitehurst (2002) demon-
strated that letter-speech correspondence and word decoding capability are formed 
before children begin learning to read or write. In an international overview, the sub-
tests and tasks of phonological awareness are highly diverse. The order of including 
tasks and task types is not always predetermined, and the context, difficulty level, 
complexity, the person administering the test, and the mode of response can vary. 
The predictive power of tasks is not well established and may differ from language 
to language and even from one test to another. These assessment tools examine 
at least one aspect of phonological awareness and include tasks designed for pre-
school-aged children and first-grade elementary school students. The assessment 
tools can be categorized into two main components: The first group contains tools 
that examine the components of early reading skills, along with the investigation 
of specific subdomains of phonological awareness, such as letter-sound correspond-
ence, pseudoword reading, oral reading, listening comprehension, spelling, word 
recognition, orthographic, semantic, and syntactic processing, as well as reading flu-
ency (e.g. DIBLES, Good & Kaminski, 2002; Phonological Awareness Screening 
Test, Adams, et al., 1998). The second group of assessment tools is based on reading 
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components, including tasks related to rapid automatic naming, decoding, handwrit-
ing, and spelling. Some of the reviewed assessment tools offer a wide range of tasks 
and complexities, making them suitable for use from preschool to adulthood (e.g. 
Phonological Awareness Test–2nd edition, Robertson & Salter, 2007).

In Hungary, phonological awareness tests administered in the kindergar-
ten–school transition contain phoneme identification, differentiation and manipula-
tion, while tasks for the same age group internationally include rapid automatized 
naming, phoneme-grapheme correspondence and print awareness tasks. This pattern 
is followed by the work of Csépe (2013) and Tóth (2012); their 3DM-H test, which 
contains a rapid automatized naming test, is already available for Hungarian chil-
dren. In Hungary, phonological awareness is mainly examined using face-to-face, 
pre-recorded test tasks, but similar to international trends, tasks with pre-recorded 
audio samples and manual aids for task-solving and illustration have emerged. Some 
of the local tests include tools developed and adapted for the Hungarian language. 
One of the most frequently used test batteries is the GMP test (Speech Perception 
and Comprehension Performance Examination; Gósy, 1995/2006), which monitors 
language skills through 20 subtests in speech perception, speech comprehension, 
writing skills, and reading comprehension. The DIFER (DIagnostic Developmen-
tal Examination System) (Nagy et al., 2004) assesses the basic skills that determine 
successful school entry in children aged 4–8  years through seven skills measured 
in face-to-face assessments, with some subtests using task sheets or manual aids. 
The Phonological Awareness Test (Lőrik & Májercsik, 2015) consists of 40 items, 
with four items per subdomain (from a total of 10 subdomains), mainly focusing on 
the phonemic level. The Hungarian adaptation of the American NILD Phonological 
Awareness Skills Survey (Barbour et al., 2003) was conducted by Jordanidisz (2011) 
with 22 children. Additionally, the 3DM-H (Tóth, 2012) is the Hungarian adapta-
tion of the Dutch 3DM test, used as an official tool for dyslexia diagnosis, focusing 
on phonological awareness in monosyllabic word phoneme deletion tasks. The test 
is standardized for grades 1–4 and also for adults. It can only be administered by 
trained psychologists, speech therapists, or educational specialists, and the results 
are interpreted through a cognitive reading and spelling index. The test requires 
training or purchase to use.

Several studies have explored the construct of phonological awareness and the 
underlying measurement model. Wagner and Torgesen (1987) and Schatschnei-
der et al. (1999) found that phonological awareness was a one-factorial entity, but 
Yopp’s results (1988) show a two-factor model. Hoien et al. (1995) found separate 
factors for phoneme, syllable and rhyme sensitivity, Meira et al. (2019) found dis-
tinct factors for syllabic, intrasyllabic and phonemic awareness, Stanovich et  al. 
(1984) data’s show a ten-dimensional model, and Stahl and Murray’s (1994) find-
ings demonstrate a 14-dimensional model.

In sum, different national and international measurements are broad in their 
assessment of the phonological awareness spectrum, but tests and test methods do 
not show a unified picture. The issues of standardization of tests, evaluation differ-
ences in the criteria and the difference in recording the test, the variability of the 
testing environment and the qualifications and subjectivity of the administrator raise 
a number of questions.
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Challenges and Promises of Technology‑Based Assessment of Phonological 
Awareness

Technology-based assessment has paved the way for the creation of novel test 
items (Csapó et al., 2014), while switching from face-to-face to online testing has 
inspired the creators of the phonological awareness tests to rethink the tasks as 
well. Between the two measurement methods, differences/changes mainly in the 
types of tasks and the way of responding can be grouped around changes in their 
purposes and test conditions.

Face-to-face testing is based on the personal presence and active involvement 
of the administrator. At the request of the administrator, the child mostly pro-
vides a verbal response. One of the most sensitive points in live voice delivery 
testing plays a part in the phonological awareness test-taking procedure: hearing 
and differentiating sounds/phonemes. Phonological awareness tasks, like other 
face-to-face tasks, require verbal answers or clapping, knocking or other playful 
elements. The quantity and shape of manual aids depend on the age group under 
examination. During online measurements, face-to-face, sometimes open-ended 
tasks have been turned into closed items, where children can answer questions by 
clicking or dragging and dropping.

Molnár (2016) classifies technology-based measurement according to nine cri-
teria of effectiveness. The author emphasizes (1) the economics of testing; (2) 
the test/testing design; (3) the possibility of immediate, objective, standardized 
feedback; (4) changes in children’s motivation; (5) innovative task-editing oppor-
tunities; (6) the potential for adaptive testing; (7) an expanded test sample; (8) 
contextual testing and efficient data capture and analysis; and (9) the potential to 
improve test reliability in innovative testing. These criteria are all met in testing 
phonological awareness online in kindergarten.

During the face-to-face phonological awareness test, the administrator read 
aloud the tasks from a pre-purchased, printed or copied sheet of paper and 
recorded the children’s answers on a pre-purchased, customized evaluation 
sheet. During online testing, instructions and item prompts are presented by pre-
recorded voices and immediate feedback is available. Manual and sometimes sub-
jective evaluation is therefore unnecessary. The feedback provides more informa-
tion for administrators. They log wrong answers, time spent on tasks and on the 
entire test, and modified responses.

A number of previous studies explored the effect of assessment mode. Typi-
cally, paper-and-pencil and computerized tests were compared, and the results 
usually indicated positive impacts of digitization on the reliability and validity 
of the instruments, thus further improving motivation among test-takers (Chua & 
Don, 2013). There were no significant mode effects found even when the cogni-
tive load of the two testing modes was compared (Prisacari & Danielson, 2017). 
Previous studies have not indicated a media effect when young children were 
tested with tablets either (Csapó et al., 2014).
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Aims of the Present Study and Research Questions

This study aims to examine some subskills of phonological awareness through 
online tests, take advantage of the opportunities and meet the challenges of online 
examinations, and focus on a description of the online testing and on the steps of the 
test development with kindergarten-aged children.

Thus, three research questions are intended to be answered:
First, RQ1 examined the psychometric features of the test:

RQ1 Are the tests suitable to measure the phonological awareness subskills in the 
particular age groups? Are the psychometric features of the tests appropriate?

Second, RQ2 observed the construct of the test:

RQ2 Is the construct validity of the tests acceptable?

Third, the significance of the relationship between tablet using skills and perfor-
mance on the test was observed (RQ3):

RQ3 Is the ability to use the transmitting medium influencing the results reached 
in the phonological test in the kindergarten-age groups?

Methods

Participants

The sample for the study was drawn from local kindergartens through individual 
organisational arrangements. The primary aspect of sampling was to assess children 
turning six by 1 September of the test year, as they were expected to enter school 
that year. On the one hand, due to the heterogeneous group structure of the kinder-
garten, the test was also completed by children who did not meet this criterion, on 
the other hand as online measurement methods are not widely used in Hungarian 
kindergartens, it was perceived as a novelty by the children, who viewed the test-
ing as a game. In Hungary, there are several cases of heterogeneous groups where 
children of compulsory school age coexist with younger peers. If parents consented 
to their children being measured, these younger children could also take the online 
test. However, their results were not included in our research. Similarly, children 
with special educational needs status were not included in the analyzed sample, as 
their measurements are conducted by educational support services. Thus, the data 
to be analyzed only includes the information of children who (1) are of compulsory 
school age (turn 6 years old by August 31 of the given year) and (2) do not have a 
diagnosis from educational support services.

Therefore, in sum, 472 children in 18 kindergartens completed the test, but only 
317 of them were in their final year of kindergarten. Of those, 311 children com-
pleted the tests. The average age of the participants was 6.61 years (SD = 0.54 years). 
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The children featured in the sample did not participate in direct reading instruction 
or learning process, they did not receive writing education, and they do not have 
special educational needs.

Instruments

The phonological awareness test contains 44 closed items. The tasks cover two lin-
guistic levels (phoneme and syllable) and four operation levels (identification, syn-
thesis, segmentation and deletion) (see Table  1). In the case of the syllable-level 
exercises, we did not consider the identification tasks important because kindergar-
ten-aged children are able to manipulate on the phoneme level. For each task, one 
point is awarded for a correct solution.

During the measurement of phoneme awareness, four types of tasks are pre-
sented. In phoneme identification tasks, the children must determine whether they 
heard the target sound in the word or not. If their response is affirmative, they click 
on the green tick, and if negative, they click on the red cross (Fig. 1a). The com-
plexity of the phoneme identification task is increased by also asking the child to 
identify the position of the sound. In this task, they decide by clicking on the front 
(locomotive), middle, or end (first or second carriage) of the little train to indicate 
whether they heard the sound at the beginning, in the middle, or at the end of the 
words during the tasks. In the example task, the child is asked to identify the sound 
"v" at the beginning of a word “vonat”, and the correct answer is given by clicking 
on the locomotive (Fig. 1b). During the identification of initial sounds, the child is 
provided with the names of pictures and then decides, by clicking, which two pic-
tures share the same initial sound. In the sample task, it can be observed that the 
initial sounds are in the same phonological position, as they are followed by a vowel 
in all three cases. The task is solved by clicking on the pictures of "banán" (banana) 
and "barack" (peach) (Fig. 1c).

Table 1  The structure of the phonological awareness test

Dimension Subtest Number of items 
within the subtest

Number of items 
within the dimen-
sion

Syllable awareness Syllable synthesis 3 10
Syllable segmentation 4
Syllable deletion 3

Phoneme awareness Phoneme identification in different 
sound environments

6 34

Identification of the phoneme position 10
Identification of initial phonemes 5
Phoneme synthesis 5
Phoneme segmentation 3
Phoneme deletion 5

Total 44
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The operational-level components of phonological awareness (synthesis, segmen-
tation, deletion) were examined at both the syllable and phoneme levels. During the 
measurement of syllable awareness, three types of tasks are presented. In syllable 
synthesis tasks, the child hears the prompt divided into syllables, and then they click 
on the picture representing the heard stimulus. Thus, the correct answer is given by 
clicking on the picture of "citrom" (lemon) after hearing its syllables. In syllable 
segmentation tasks, the child breaks down the heard word into syllables and then 
drags their doll to the field with as many dots as there are syllables in the stimulus 
word. In syllable deletion tasks, the child hears a word and, by omitting the first 
or last syllable, receives the name of an object shown on the screen. The task is 
solved by clicking on the picture. In the example task, by omitting the first syllable 
("rádió"), the word "dió" (walnut) is formed, so the correct answer is given by click-
ing on the picture of "dió" (walnut).

In the phoneme-level synthesis, segmentation, and deletion operations, their 
appearance and response method show similarity to the syllable-level task types. In 
the phoneme-level synthesis task, the child hears the sound-separated name of one 
of the pictures on the screen, then decides by clicking which one they heard (/l-ó/) 
(Fig. 2a). In the phoneme-level segmentation task, the child click on as many pet-
als as they hear sounds in the word (e.g. bab) (the child can click on any petals, 
they do not have to be consecutive) (Fig. 2b). The phoneme-level deletion subtest 
asks the student to omit an initial or final sound in each word (e.g. hód (beaver)-hó 
(snow). The student needs to click on the picture symbolizing the resulting word on 
the screen. The sample task can be answered by omitting the final "d" sound and 
clicking on the middle picture (Fig. 2c).

The tasks contain high-, medium- and low-frequency words from the Hungar-
ian corpus Szószablya and non-words from the Hungarian non-word test (Racsmány 
et al., 2005). In designing the tasks, we preferred simple, concise, but child-friendly 
instructions and figures (e.g. a robot and a worm), and we were careful to avoid 
colourful images that would distract children’s attention from the task at hand (see 
Figs. 1 and 2). Every exercise contained only audio instructions, which children lis-
tened to with a two-second delay. The aim of the two-second delay was to provide 

Fig. 1  Example tasks from the phoneme identification subtest. Instructions: (a) Do you hear the sound 
within the word? If so, click on the pipe, if not, click on the x! (b) Where do you hear the sound within 
the word? At the beginning, in the middle or in the end? Click on first, second or third part of the train! 
(c) It’s a banana, it’s a peach, and it’s a horseshoe. Which two start the same way? Click on them! (Hun-
garian examples: banán, barack, patkó)
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some time for the children to process the images on the screen and thus not strain 
their visual and audio perception at the same time.

Design and Data Analysis

At the beginning of the measurement process, before the phonological awareness 
test, children completed tasks in which we focused on ICT usage. They tapped 
on items and practised dragging and dropping to ensure that the operations on 
the tablets were familiar. The ICT infrastructure for preschool testing is still in its 
infancy. Before measuring, we performed a small number of kindergarten pilot stud-
ies, which were not only to explore and ascertain the technical conditions for pre-
school measurements, but initial tests were also highlighted. In the autumn of 2014, 
improvements to the eDia system made it possible to convert tests which had been 
available on a desktop computer for touchscreen devices. In line with the design of 
the tools used by children of preschool age, we thought it was advisable to develop 
a touchscreen test format using a large-screen device; therefore, 10.1’’ tablets were 
used to test the kindergarteners. Headphones ensured the test was taken at an indi-
vidual pace. Technical conditions only allowed five children to be tested at a time.

Although the eDia platform was accessible outside kindergarten, data collection 
took place in a quiet room of the participating kindergarten. The measurements were 
conducted in the morning, outside the period of supervised group activities during 
free playtime, thus not disrupting the children’s daily routine. We measured a maxi-
mum of five children at once, with the attention of two assessors. The testing took up 
to 30 min per child, system logged, recorded and automatically scored the answers.

University students supervised the testing sessions. The students had previously 
attended a university course, where they were familiarized with the theoretical back-
ground and practical application of the test. The implementation of preschool meas-
urements required the presence of suitable raters. The administration of online tests 
was carried out by students majoring in kindergarten education, primary school edu-
cation, and social pedagogy. Prior to the measurements, the students received guid-
ance on the practical aspects of the work. Attention was drawn to specific situations 
that might occur in kindergartens (e.g., health breaks), and solutions were sought 

Fig. 2  Example tasks from the operation level’s tasks. Instructions: (a) I will say a word to you, but listen 
carefully, because I will say it slowly, broken down into sounds. Which image name might it be? Click 
it!. (b) You will hear words, click on as many petals as many sounds you hear in the word! (c) You will 
hear a word. Say the word to yourself without the last sound. Which picture represents the word you are 
saying? Click it!
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through situational exercises. The students completed the practice in pairs, and since 
several students had been recurrent course attendees by the time of data collection in 
2016, the pairs of raters consisted of one student who had already gained experience 
and one student who had recently taken up the position. Preschool measurements 
require a dual role for the raters, as they demand increased attention throughout the 
process, from taking the children out of the group room, calming them down, getting 
them ready for play, to their final storytelling experiences, more so than in the case 
of students participating in general school testing. Therefore, during the allocation 
of rater tasks, we suggested that one rater should focus on the successful administra-
tion of the test, recording the anonymous measurement identifiers, monitoring and 
assisting with the dynamic progress in the test, while the other rater should focus on 
the children’s potential needs, requirements, and maintaining their motivation.

The examination was carried out with the approval of the Ethical Committee of 
the Doctoral School of Education [masked for review], and the parents of all the 
children in the study signed a letter of informed consent.

Rasch analysis was applied to uncover the abilities of children and the difficulty 
levels of items in the test. Rasch analysis, based on Item Response Theory (IRT), is 
a valuable statistical method in educational research for evaluating the psychometric 
properties of measurement scales and assessing test item performance (Bond et al., 
2021). It provides insights into item difficulty and individual ability on a common 
logit scale, aiding in the identification of misfitting items and enhancing the preci-
sion and validity of educational assessments (Boone et al., 2014).

To examine the construct of the test, we established an internal correlation matrix, 
which served as the basis for the CFA analysis and the formulation of the related 
model. In the realm of educational research, Confirmatory Factor Analysis (CFA) 
and Structural Equation Modeling (SEM) are highly valued statistical methods that 
researchers widely employ to explore complex relationships between observed and 
underlying variables (Kline, 2016).

Linear regression is a widely used statistical method in scientific research for 
investigating the linear relationship between a dependent variable and one or more 
independent variables (Draper & Smith, 1998). It allows researchers to model and 
predict outcomes, providing valuable insights into the associations between vari-
ables in diverse fields of study (Kutner et al., 2005).

Results

The entire test proved reliable (Cronbach’s α = 0.84). The internal consistency of the 
tasks within the two dimensions is still high as well (Cronbach’s αsyl = 0.66, Cron-
bach’s αphon = 0.83), though somewhat higher for phoneme awareness than syllable 
awareness.

A Rasch analysis was performed to detect the fit of the difficulty of the tasks and 
the ability of the children (EAP/PV 0.84). The person-item map is shown in Fig. 3. 
The numbers on the right side of the chart show the positions of the items on the 
difficulty scale, while the left side indicates the children’s level of ability. The Xs on 
the left side of the figure represent two students each.
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Fig. 3  The person-item map of 
kindergarteners for the phono-
logical awareness test (each X 
represents 2 pupils)
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The items cover a wide range of difficulty scales with a logit value of between 
−3.324 and 2.310. Those representing the two extreme values stand out. Those call-
ing for segmentation have a logit value of between 0.926 and 2.310, identification 
tasks are between logit 1.186 and 0.191, and items requiring synthesis and deletion 
are located below this value. An item calling for a single identification is separated 
from the item type requiring the same operation by a −1.010 logit value. The level 
of difficulty of the tasks is therefore independent of the size of the language unit 
according to the operations. The analysis drew attention to the fact that the tasks 
were separated on the level of operations, where segmentation tasks were the most 
difficult parts of the test.

The correlation matrix (see Table 2) of the subtests shows the internal structure 
of the test. The correlation values between the subtests are mostly weak. There is 
a negligible correlation between the segmentation subtests (syllable and phoneme 
segmentation). The highest correlation value was found for the relationship between 
the phoneme deletion and phoneme synthesis subtests. The phoneme identification 
subtest showed a significant correlation with all the syllable subtests.

Confirmatory factor analysis was used to further explore the validity of the 
main measurement model underlying the phonological awareness test. Five mod-
els were tested (see Table  3): the 1-dimensional model combines all the possi-
ble dimensions under one general factor; the 2-dimensional model reflects the 
size of the linguistic units (syllable and phonemic level) being manipulated; the 

Table 2  Correlations of the subtests

*Correlation is significant at the .05 level

Subtest 1 2 3 4 5 6 7 8

1 Syllable synthesis
2 Syllable segmentation .16
3 Syllable deletion .18 .24
4 Phoneme identification .12* .12* .12*
5 Identification of phoneme position .21 .25 .23 .39
6 Identification of initial phonemes .10 .22 .22 .21 .45
7 Phoneme synthesis .14* .25 .34 .19 .36 .37
8 Phoneme segmentation .02 .14* .15 .18 .27 .31 .25
9 Phoneme deletion .14* .16 .42 .18 .37 .30 .51 .21

Table 3  Goodness of fit indices for testing the dimensionality of phonological awareness

Model χ2 Df p CFI TLI RMSEA (95% CI)

1-dimension 1912.218 902 .000 .516 .492 .060 (.056–.064)
2-dimension 1655.193 901 .000 .639 .621 .052 (.048–.056)
4-dimension 1393.087 896 .000 .762 .748 .042 (.038–.046)
7-dimension 1287.484 881 .000 .805 .791 .039 (.034–.043)
9-dimension 1045.874 866 .000 .916 .906 .026 (.020–.031)
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4-dimensional model corresponds to the nature of the cognitive aspects/opera-
tions applied (analysis, synthesis, segmentation and deletion); the seven-dimen-
sional model is in line with the theoretical test structure separating each subtest 
into different groups (phoneme identification, deletion, segmentation, synthe-
sis and syllable segmentation, deletion and synthesis); and the 9-dimensional 
model puts all task types tied to phoneme identification into different factors. The 
9-dimensional model proved to be suitable (χ2 = 1088.60; p < 0.001; CFI = 0.905; 
TLI = 0.901; RMSEA = 0.027).

Three nine-dimensional theoretical models were tested to identify the internal 
construction of the test. Model 1 shows that all the measured subtests connect 
directly to phonological awareness. The main organisational component in model 
2 is the size of the linguistic units, and in model 3 it is the cognitive operations 
(see Table  4). The path diagram for model 3 is depicted in Fig.  4. The model 
builds from items to the latent variable of phonological awareness. Observing 
Fig. 4, we can see that the model is built from test items (44 items), which are 
categorized into subtests based on language levels (syllable and phoneme) and 
specific operations. Out of the nine subtests, two are related to synthesis, two 
to segmentation, two to deletion, and three contribute to the identification latent 
variable. These four latent variables are directly connected to the latent construct 
of phonological awareness. Although the value of the factor weights associated 
with the latent construct of phonological awareness in the model is acceptable, 
the latent component of segmentation is distinguished from the value of the other 
three components by a negative factor weight.

In order to examine the media effect, we used regression analysis to show the 
explained variance, which determines the relationship between the use of comput-
ers and phonological awareness tests. In kindergarten, the transmitting medium 
was a touchscreen tablet computer; therefore, the mouse was not used as an out-
put device attached to the computer. The explained variance between the total 
test and the tablet-based test was 5.3% (F (1.315) = 17.63, p < 0.01). In the case 
of drag-and-drop tasks, the correlation was not significant (F (1.310) = 0.056, 
p > 0.05) and the explained variance was negligible. In the case of tapping tasks, 
the variance was 6.25% (F (1.312) = 20.23, p < 0.01) (see Table 5).

Table 4  Goodness of fit indices 
for testing the internal construct 
of phonological awareness

Remark df   degrees of freedom, CFI   Comparative Fit Index, TLI   
Tucker–Lewis Index, RMSEA   Root Mean Square Error of Approxi-
mation, χ2 and df are estimated by WLSM5

Model χ2 Df p CFI TLI RMSEA (95% CI)

Model 1 1124.769 893 .000 .889 .882 .029 (.023–.034)
Model 2 1124.750 891 .000 .888 .881 .029 (.023–.034)
Model 3 1088.160 889 .000 .905 .901 .027 (.021–.032)
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Discussion

A great deal of research at both the national and international levels with a large 
number and variety of measurement tools, both online and face-to-face, has stud-
ied children’s performance in phonological awareness and identified the relationship 
between the measured subtests. However, these instruments show a number of dif-
ferences within the types of tasks and within their assessment and test recording 
mode. There have only been a few studies which measure phonological awareness 
separately, not as one part of a test battery (e.g. Dynamic Indicators of Basic Early 
Literacy Skills (DIBELS) (2018) which can detect risk and monitor early literacy 
and reading skills in kindergarten through eighth grade). Other problems are that 

Fig. 4  Model 3, The dimensionality of phonological awareness/PA phonological awareness, S_syn syl-
lable synthesis, S_seg syllable segmentation, S_del syllable deletion, Ph_IPh identification of initial 
phonemes, Ph_Seg phoneme segmentation, Ph_del phoneme deletion, Ph_Synphoneme synthesis, Ph_Id 
phoneme idetification in different sound environments, Ph_pos Identification of the position of phoneme, 
Syn synthesis, Seg segmentation, Del deletion, Id identification

Table 5  The connection 
between the tablet-based test 
and the phonological awareness 
test

r Β rβ*100 p r2

Total test .23 .23 5.29  < .01 .05
Tapping .25 .25 6.25  < .01 .06
Drag & drop −.01 −.01 .01  > .05 .00
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there are few measurement tools available for free, with most of them not supported 
by empirical studies and/or significant data. Therefore, the aim of our study was 
to develop an online measurement tool covering several sub-areas of phonological 
awareness, which could become an objective and reliable instrument for kinder-
gartener, and to explore the applicability of the measurement instrument which has 
been developed in educational practice.

Regarding to RQ1, according to IRT analysis, the distribution of the difficulty 
level of the tasks was separated on the level of operations, not on the size of the 
language unit. As the data show, segmentation tasks proved to be the most difficult 
part of the test. Following Wagner and Torgesen (1987), phoneme awareness tasks 
can be grouped into three categories: (1) sound comparison tasks, (2) phoneme seg-
mentation tasks, and (3) phoneme blending tasks. The sound comparison tasks are 
the easiest phonemic awareness tasks, while the other two groups already assume 
a higher level of manipulation skills, so these can be considered as more difficult, 
complex tasks in the sensitive phase of the kindergarten-school transition. These 
tasks are not used in the development of Hungarian kindergartens, their practice can 
be placed in the first year of primary school, although the spontaneous development 
of certain partial abilities can be measured already in kindergarten and their pre-
dictive power is decisive (Rathvon, 2004). The online measurement tool’s subtests 
which require manipulation, are more difficult for children. Of these, one segmenta-
tion task proved to be the most difficult. Segmentation tasks can be considered as 
closed tasks in the online system we use, the child not only had to decide how many 
to applaud, how many to divide the word, but also had to count and click on the 
corresponding number of petals. Thus, the child’s mathematical and counting skills 
probably played a significant role in the task. It is worthwhile to correlate this task 
with the children’s mathematical ability later on and observe whether there is indeed 
a correlation between the segmentation task and the child’s mathematical ability. 
The correlation values are weak; however, concerning the task types and the entire 
test, phoneme identification with determining the initial sound of the word (r = 0.77, 
p < 0.05), as well as identification of the initial sound (r = 0.65, p < 0.05), and pho-
neme synthesis (r = 0.66, p < 0.05), show the strongest associations with the overall 
test. In terms of the relationships between the operations and the entire test, except 
for segmentation, strong correlations are found in all cases (identification, synthesis, 
and deletion) (r = 0.71–0.88, p < 0.01).

The results of the confirmatory factor analysis (RQ2), where several models were 
tested, based on relevant empirical studies (Høien et al, 1995; Stahl & Murray, 1994; 
Stanovich et  al., 1984; Yopp, 1988) underlined a new aspect, where it is not the 
linguistic unit that is the main determining factor in the structure of our phonologi-
cal awareness assessment tool. At this point, the research is essential. In Farral’s 
theoretical summary (2012), we find that an older child can manipulate even smaller 
linguistic units, reaching a beginning sound level at the end of kindergarten. The 
results of these studies demonstrate that by the end of kindergarten, when the child 
is presumably already able to identify the first sound in a word, the operation level is 
the main directing principle within the construct of the phonological awareness test.

RQ3 focuses on the relationship between tablet using skills and the performance 
on the phonological awareness test. In the case of kindergarten children, the media 
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effect is particularly important because the mediating medium is different: face-to-
face testing has been replaced by online assessment. The low score of explained 
variance between phonological awareness and tablet-based tests is negligible. In the 
case of the kindergarten test, the mediator medium was the touch screen tablets. The 
mouse was therefore not a transmitter. Because children manipulated their fingers, 
we did not find a significant correlation between drag-and-drop tasks.

All analyses highlighted that the segmentation tasks posed difficulties; however, 
due to the small amount of explained variance, it cannot be assumed that this is 
related to the children’s tablet usage skills. The closed nature of the segmentation 
tasks requires calculation skills from the students; however, the present test does 
not include tasks suitable for measuring mathematical abilities. Rausch and Pásztor 
(2017) found that the level of explained variance between tests can be influenced 
by additional factors. In their research, they examined the preconditions for learn-
ing mathematics in an academic readiness test, which was preceded by a computer 
skills test and a face-to-face version of the DIFER test for elementary numerical 
skills. Although their main goal was to validate the online mathematics test, they 
also found a correlation between the face-to-face test and the computer skills test. 
Therefore, they suggested that other factors may play a role in exploring the level 
of explained variance during the analysis of test interrelations. Another option is to 
explore the development methodology for the population under examination follow-
ing Carlisle (1991) finding that child performance on onset-rime-type tasks can be 
better defined by type of task than actual language knowledge. This idea should defi-
nitely be integrated into practice and examined to ascertain what kinds of exercise 
tasks occurred during the sessions before the testing period.

In sum, the online phonological awareness test is a new form of approach com-
pared to the measurement method used in Hungary in recent decades. Compared 
to the previous measurement methodology, the online test not only shortened and 
makes the measurement practice more objective and facilitates the work of the edu-
cators, but also expands with new types of subtests and test items, new components 
of phonological awareness. The current methodological repertoire expands with the 
examination of the operational level of phonological awareness, the examination and 
future development based on the examination can better establish those skills, which 
are the basic pillar of reading and writing.

The Hungarian measurement and development system develops along with the 
size of the language units, followed first by the practice of syllable-level and then 
phoneme-level operations. And when performing tasks with sounds, at the preschool 
level, it is limited to identifying and differentiating them, beyond which the present 
assessment tool exceeds.

The construction of the present online test highlights the role of operations 
independently of the size of the linguistic element. These results—both in terms 
of the measurement and development process—can turn kindergarten teacher’s 
attention to the importance of the operation of linguistic units independently of 
their size. This finding may point to a new developmental, methodological line in 
kindergarteners’ language improvement toolkits and can draw kindergarten teach-
ers’ attention to task type and type of manipulation instead of size of linguis-
tic units. Online assessment could also be a challenge to convince kindergarten 
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teachers and this innovative testing mode and method can reduce the time in 
which children are assessed and provide them immediate, objective feedback. 
According to Flewitt et al. (2015), iPad-based literacy exercises can improve chil-
dren’s motivation and concentration. This new way of testing offers an opportu-
nity to create a new, technology-based curriculum.

The purpose of the online test is on the one hand, to draw attention to the rai-
son d’être of online testing and the fact that the measurement and development 
of phonological awareness cannot be separated according to the size of the lan-
guage unit, thus encouraging teachers to rethink their development methods. On 
the other hand, it draws attention to the fact that a new kind of methodological 
tool is available to educators that they can use in daily practice. The tool is tai-
lored to the needs of children but also can be a challenge for educators with lower 
ICT literacy. Although digital competence is an expectation among kindergarten 
teachers, the new type of measurement may affect them as strangers, therefore 
they may need methodological support. With this form of measurement, we want 
to offer a new opportunity for Hungarian kindergartens.

Limitations of the Study

The test version measures only one aspect of phonological awareness; adaptation 
of rhythm-related tasks, for example, appears to be a missing area. Moyle et al. 
(2013), who measured rhyming knowledge via rhyme and nursery rhyme aware-
ness tasks, found that children who had practice in this area had stronger vocabu-
lary skills.

In order to explore the additional factors underlying children’s abilities, it is 
essential to use a parents’ background questionnaire, as socio-economic status 
and family background can significantly determine children’s performance and 
the success of later achievements (Agirregoikoa, et al., 2021; Borre et al., 2019; 
Burris et  al., 2019). A close family member with reading difficulties can also 
influence a child’s development (Leavett et al., 2014). Further development of the 
test may also include an adaptation of a hearing test in an online system (Nassral-
lah et al., 2018).

Individual task types appear in a small number of items, which can be used to 
describe the performance of individual subtests but are not suitable for explor-
ing deeper relationships. In this very sensitive phase of the kindergarten–school 
transition, it would also be important to ascertain the importance and relationship 
of aspects of the phoneme, the phoneme’s position and the quality of the sound. 
However, expanding the tasks from this aspect and thus increasing the number of 
items would place a heavy burden on the children being examined. Adaptive test-
ing can provide a solution, which can be based on the results of the person-item 
map obtained in previous studies.
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