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Abstract

Despite the recent surge in research on the use of AI in English language learning, little at‑
tention has been paid to its role in improving phonological awareness among preschoolers.
Most existing studies have focused on general literacy skills or older learners, with insuffi‑
cient emphasis on early phonemic awareness and its subskills. Furthermore, there is a lack
of research examining these relationships within Arab ormultilingual contexts. This study
investigates the impact of artificial intelligence (AI) tools on the development of English
phonological awareness in kindergarten children in an Arab educational context in Jordan
using a quasi‑experimental design. The participants comprised 45 students divided into
two groups: a control group (n = 23), consisting of 14 females and 9 males, and an experi‑
mental group (n = 22), consisting of 12 females and 10 males. All participants were physi‑
cally and mentally healthy 5–6 year‑old children from similar socioeconomic and cultural
backgrounds. The experimental group was taught via the AI‑based Starfall platform and
the control group was taught via conventional teacher‑oriented instruction. Both groups
were given pre‑ and posttests, which included assessments of five phonemic awareness
skills: initial sound recognition, blending, segmentation, deletion, and substitution. De‑
scriptive statistics, including means and standard deviations, and independent‑samples
t‑tests were calculated to determine the effect of the AI program on developing kinder‑
garteners’ phonemic awareness compared with conventional teaching methods. The find‑
ings of the study show significant improvements in the experimental group comparedwith
the control group. Bringing AI into the kindergarten classroom may improve literacy in‑
struction and, in turn, early reading readiness through engaging, interactive and adaptive
learning experiences.

Keywords: artificial intelligence (AI); phonological awareness; phonemic awareness; early
literacy; kindergarten education; Starfall platform; language acquisition technology

1. Introduction
Recent research has revealed the importance of understanding phonological aware‑

ness and its role in early literacy development (Gillon, 2018; Moats, 2020). While earlier
studies primarily focused on traditional instructional approaches to phonological aware‑
ness development (National Reading Panel, 2000), more recent research has begun to in‑
vestigate the integration of technology and artificial intelligence in early language learning
(Raposo‑Rivas et al., 2024; Quan et al., 2026). However, little attention has been given to
the application of AI platforms in improving phonemic awareness among preschoolers,
specifically across its subskills and within multilingual contexts (Pistre, 2026).
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According to Castles et al. (2018), phonological awareness, which involves the abil‑
ity to recognize, reflect on, and alter the sound structure of spoken words, is widely rec‑
ognized as a crucial prerequisite for successful reading development. In Anku (2024),
it was stated that such awareness encompasses various subskills, including recognizing
phonemes, blending, segmentation, deletion, and substitution. Mastering these abilities
enables young individuals to grasp the alphabetic principle, which is the link between let‑
ters and sounds, a crucial aspect of reading and spelling (Sedita, 2020). Hence, developing
phonological awareness in kindergarten is an essential educational objective for improving
early reading readiness and preventing future literacy difficulties.

In the past, teacher‑directed methods of phonological awareness have included rep‑
etition, vocal drills and visual aids. In a related early childhood context, an experimental
study was conducted in Chile involving 121 prekindergarten and kindergarten children
in low‑income classrooms, where structured instructional games were implemented over
a six‑month period to support curriculum‑based learning outcomes (Strasser et al., 2023).
Although traditional phonological awareness approaches have demonstrated effectiveness
in supporting early literacy development, they may not fully accommodate differences in
learners’ pace of learning, motivation, and auditory discrimination abilities. For example,
in a study conducted in SouthAfrica, Eccles et al. (2021) reported that conventional instruc‑
tional practices may not adequately address individual learning differences among young
learners. In recent years, the integration of artificial intelligence (AI) into education has
offered innovative solutions to overcome such limitations. In a systematic review of stud‑
ies retrieved from international databases, including Web of Science, EBSCO, IEEE, ACM,
Scopus, and Google Scholar, Su et al. (2023) highlighted the potential of AI‑powered edu‑
cational tools to provide adaptive, interactive, and personalized learning experiences that
support learner engagement and instructional effectiveness. Similarly, studies conducted
in Nigeria (Benebo‑Solomon & Ohaka, 2024) and China (Quan et al., 2026) have reported
that AI‑based applications can support speech and language development in early child‑
hood education through the integration of movement, immediate feedback, and personal‑
ized learning content.

In research on technology‑enhanced learning in early childhood, digital resources
targeting phonological awareness have been associated with high engagement and im‑
proved learning outcomes, largely attributable to game‑based features, multisensory in‑
put, and immediate feedback. A study in a government school in Pakistan involv‑
ing 60 kindergarten‑to‑Grade 1 learners examined the effectiveness of using technology‑
enhanced language learning tools as a supplementary resource for teaching systematic
synthetic phonics (Malik et al., 2024). In addition, Neumann (2018) analyzed previous re‑
search ondigital resources designed to improvephonological awareness in early childhood
education contexts. The results indicated that digital tools with interactive components, in‑
stant feedback, and an adaptive learning environment have a positive influence on these
skills. Furthermore, they reach all types of learning styles. However, most research has
investigated preschool and early primary contexts in a general sense rather than specific
phonemic subskills. Although artificial intelligence has enabled the use of adaptive tech‑
nologies across K–12 education stages, its application to the early development of phono‑
logical awareness remains limited and insufficiently explored (Su et al., 2023; Raposo‑Rivas
et al., 2024). Recent research in primary school context suggest that integrating AI applica‑
tionswith teacher collaboration and age‑appropriatematerials can enhance learner engage‑
ment and instructional effectiveness (A. Han et al., 2024; Jegede, 2025). Nevertheless, these
studies predominantly involve older learners in structured educational environments and
rarely address young second‑language learners in kindergarten contexts. Furthermore, ex‑
isting research tends to positionAI as an assessment or supplementary tool rather than as a
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direct instructional medium for teaching discrete phonemic awareness skills such as initial
sound identification, deletion, and substitution (Quan et al., 2026; Pistre, 2026).

In this context, Starfall is an interactive literacy platform designed for children from
preschool through second grade. It integrates animated pictures, sounds, songs, stories,
and educational games to support early literacy development through engaging multi‑
modal learning experiences (UNESCO, 2021). Consistent with the principles of multiple
intelligences theory (Gardner, 2011), this platform accommodates diverse learning styles
while promoting phonemic awareness, phonics, vocabulary, and reading comprehension.
Previous research has reported positive effects on learner motivation, participation, and
reading achievement among young EFL learners (Bataineh & Alghareeb, 2025). Although
Starfall is not a fully autonomous artificial intelligence system, it incorporates several fea‑
tures commonly associated with technology‑enhanced and personalized learning environ‑
ments, including interactive feedback, learner‑centered progression, multimodal content
delivery, and self‑paced learning opportunities.

In light of the promising educational potential of technology‑supported platforms
such as Starfall, understanding their effectiveness within specific educational contexts re‑
mains essential. Within the Jordanian educational context, recent research has highlighted
several challenges and priorities related to educational development, learner support, and
inclusive learning environments. Studies conducted in Jordan have emphasized the im‑
portance of creating supportive educational settings that address diverse learner needs,
strengthen instructional practices, and improve educational outcomes across different stu‑
dent populations. For example, research has identified the critical role of teacher–student
relationships, inclusive teaching practices, and supportive school environments in promot‑
ing academic achievement and educational resilience among learners in Jordan (Aleghfeli,
2024). Similarly, educational studies conducted in Jordan have drawn attention to factors
affecting student engagement, participation, and retention, including the need for effec‑
tive instructional strategies, enhanced educational support services, and learner‑centered
approaches that accommodate individual differences (Alsagarat, 2024). Furthermore, ev‑
idence from Jordanian research indicates that children and adolescents may experience
a range of educational and psychosocial challenges that can influence their learning and
academic development, highlighting the importance of early educational interventions
that foster engagement and positive learning experiences (AlHamawi et al., 2023). De‑
spite these contributions, limited attention has been given to the use of AI‑based instruc‑
tional applications for developing phonological awareness among young EFL learners in
Jordanian kindergarten settings. Therefore, the present study addresses an important
gap in the Jordanian literature by examining the effectiveness of AI‑supported instruc‑
tion through the Starfall platform in enhancing English phonological awareness among
kindergarten children.

Taking into account all the relevant aspects, this study seeks to address the following
research questions:

1. Does AI‑based teaching have a significant impact on enhancing phonemic awareness
in kindergarten children compared with conventional teaching methods?

2. Are there any significant differences between the experimental and control groups
across the five phonemic awareness subskills?

1.1. Previous Studies
1.1.1. Phonological Awareness

Phonological awareness is a fundamental metalinguistic ability that involves recog‑
nizing and consciously manipulating the sound structure of spoken language (Naeem &
Khan, 2024). It reflects an individual’s capacity to perceive that words are composed of
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smaller auditory units, such as syllables, onset‑rime patterns, and phonemes, and to ana‑
lyze and modify these units through processes such as blending, segmentation, deletion,
and substitution. This skill develops progressively from implicit sensitivity to sound pat‑
terns in early childhood to more explicit and controlled awareness, enabling children to
understand how spoken language is structured. It is widely considered a critical founda‑
tion for literacy development, as it supports word decoding and facilitates the acquisition
of reading and spelling skills (Kung, 2020; Gillon, 2018; Gellert & Elbro, 2017).

Research has demonstrated that phonological awareness is a strong predictor of later
reading achievement, particularly during the early years of formal schooling. This relation‑
ship is especially evident among second‑language learners, whose literacy development
depends heavily on accurate auditory discrimination and sensitivity to the sound struc‑
ture of language (Gellert & Elbro, 2017; Naeem&Khan, 2024). As phonological awareness
develops, children progress from basic sound recognition to more demanding skills such
as segmentation and deletion, which require greater cognitive control and explicit manip‑
ulation of phonological units. Consequently, these advanced skills benefit from systematic
and well‑structured instructional support (National Reading Panel, 2000). In this regard,
recent studies suggest that artificial intelligence‑supported learning environments may
provide effective opportunities for strengthening phonological awareness among young
learners. Evidence indicates that AI‑based instructional tools can facilitate the develop‑
ment of phoneme recognition, blending, and segmentation skills through interactive and
adaptive learning experiences. Nevertheless, researchers have emphasized that more com‑
plex phonemicmanipulation tasks continue to require teacher‑guided instruction and scaf‑
folding to achieve optimal learning outcomes (Pistre, 2026; Quan et al., 2026).

The Five Phonemic Subskills

Phonemic awareness is a set of specific skills that help kids identify and play with
the smallest sounds in spoken language. Phoneme identification represents one of the
earliest and most fundamental components of phonemic awareness. It refers to learners’
ability to recognize and isolate individual sounds within spoken words, particularly at the
beginning, middle, or end of a word (Gillon, 2018). This skill emerges during the early
stages of language acquisition, as young children naturally become sensitive to promi‑
nent sounds in spoken language (Mues et al., 2023). Developing this awareness enables
children to selectively attend to phonological units within continuous speech, thereby
strengthening their sensitivity to the internal sound structure of words. The develop‑
ment of phoneme identification plays an important role in early literacy acquisition be‑
cause it supports children’s understanding of the alphabetic principle and facilitates the
connection between spoken sounds and written symbols. Previous research has shown
that accurate phoneme identification is strongly associated with later decoding ability and
reading fluency, particularly among second‑language learners who rely heavily on precise
auditory discrimination when learning unfamiliar sound systems (Naeem & Khan, 2024).
As children become more capable of distinguishing phonemic contrasts, they gradually
progress from implicit phonological sensitivity toward more advanced forms of conscious
phonemic manipulation.

Furthermore, phoneme blending refers to the ability to combine individual speech
sounds to produce a complete and recognizable word (Gillon, 2018; Department of Educa‑
tion, 2017). This skill requires learners to integrate separate phonemic units sequentially
and synthesize them into meaningful linguistic forms. As one of the core components of
phonemic awareness, blending contributes directly to the development of decoding abil‑
ities because it enables children to transform sequences of letters and sounds into spo‑
ken words during early reading tasks (Webber et al., 2024). The successful development
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of phoneme blending depends on auditory synthesis and working memory, as learners
must retain individual soundswhile simultaneously integrating them into a coherentword
structure (National Reading Panel, 2000). Consequently, blending is often regarded as a
more cognitively demanding skill than basic sound identification. Previous research has
demonstrated that blending instruction supports early reading acquisition and facilitates
word recognition processes; however, its effectiveness is strongest when integrated within
broader phonological awareness instruction rather than being taught in isolation (Cheung
& Slavin, 2013; Kilpatrick, 2019).

Similarly, phoneme segmentation represents another essential component of phone‑
mic awareness that requires learners to divide spoken words into their individual sound
units. This skill plays a central role in early literacy development because it enables
children to recognize the internal structure of words and establish connections between
phonemes and their corresponding graphemes (Gellert & Elbro, 2017). Gillon (2018) de‑
scribed phoneme segmentation as the ability to analyze spoken words by separating them
into their constituent phonemes, a process that reflects advanced awareness of speech struc‑
ture and conscious manipulation of phonological units. The educational importance of
segmentation extends beyond sound recognition to include spelling and writing devel‑
opment. According to Castiglioni‑Spalten and Ehri (2003), children who can accurately
segment words are better able to associate individual sounds with written letters, thereby
strengthening phoneme–grapheme correspondence skills. Comparedwith simpler phone‑
mic tasks, segmentation requires greater cognitive processing because learners must men‑
tally reorganize sound sequences into smaller, distinguishable units (Webber et al., 2024).
Previous research has further demonstrated that systematic segmentation instruction con‑
tributes significantly to early literacy achievement and enhances later spelling performance
among both monolingual and bilingual learners (Albro, 2025).

In addition to segmentation, phoneme deletion represents a more advanced level of
phonemic awareness because it requires learners to manipulate the internal sound struc‑
ture of words consciously. Gillon (2018) defines phoneme deletion as the ability to remove
a specific phoneme from a spoken word and identify the remaining form. Successfully
performing this task reflects a high degree of cognitive flexibility andmetalinguistic aware‑
ness, as learners must mentally retain the original word while simultaneously restructur‑
ing its phonological composition. Phoneme deletion tasks involve sophisticated phono‑
logical processing and demand considerable attentional control. For example, removing
the initial /s/ sound from the word “smile” results in the word “mile” (National Reading
Panel, 2000). Such activities strengthen children’s understanding of word structure and
contribute to the development of decoding andmorphological awareness skills (Neumann,
2018). Given that deletion tasks place substantial demands on working memory and au‑
ditory analysis, young learners generally benefit from systematic, repetitive, and highly
structured instructional practice when developing this skill (Webber et al., 2024).

Finally, phoneme substitution is generally regarded as the most cognitively demand‑
ing phonemic awareness subskill because it requires learners to manipulate sounds within
a word by replacing one phoneme with another to create a different lexical item. For ex‑
ample, changing the initial /c/ sound in “cat” to /b/ produces the word “bat.” According
to Gillon (2018), phoneme substitution involves simultaneously removing and inserting
phonological units within a single mental operation, reflecting advanced phonemic aware‑
ness and a high level of cognitive flexibility. Mastery of substitution tasks demonstrates
learners’ sensitivity to phonemic contrasts and their understanding of how changes in indi‑
vidual sounds alter word meaning. This skill contributes substantially to advanced decod‑
ing and spelling development because it requires learners to coordinate phonological and
orthographic knowledge simultaneously (Cheung & Slavin, 2013). However, substitution
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is considered one of the last phonemic skills to emerge developmentally due to the signifi‑
cant demands it places on working memory, auditory processing, and phonological analy‑
sis (National Reading Panel, 2000). These challenges may become even more pronounced
among young ESL/EFL learners who must distinguish unfamiliar English phonemes that
differ from those of their native language, thereby necessitating intensive and carefully
structured instructional support.

Table 1 summarizes the phonemic awareness subskills along with their definitions
and educational significance.

Table 1. Phonemic awareness subskills: definitions and educational importance.

No Subskill Description Importance

1 Phoneme Identification
Ability to recognize and isolate sounds
in words (initial, medial, and
final positions)

Foundational skill for distinguishing
sounds and developing early decoding

2 Phoneme Blending Combining individual phonemes to
form a word

Supports decoding and
word recognition

3 Phoneme Segmentation Breaking a word into its
component sounds

Essential for spelling and
phoneme–grapheme mapping

4 Phoneme Deletion Removing a sound from a word and
identifying the result

Develops advanced phonological
manipulation and cognitive control

5 Phoneme Substitution Replacing one phoneme with another to
form a new word

The highest‑level skill supporting
decoding and spelling flexibility

1.1.2. Conventional vs. AI‑Based Instruction

Previous research has highlighted the value of conventional phonological awareness
instruction in supporting early literacy development. In a review focusing on phonolog‑
ical awareness and phonics instruction in the Indian ESL context, Khan and Khan (2021)
emphasized the effectiveness of teacher‑led demonstrations, repeated practice, oral lan‑
guage activities, rhyme‑based exercises, and print‑related instruction in developing foun‑
dational literacy skills. Similarly, drawing on classroom‑based research and evidence from
preschool settings, Phillips et al. (2008) reported that explicit and systematic phonological
awareness instruction can substantially support emergent literacy development. Neverthe‑
less, traditional instructional approaches may not always accommodate diverse learning
preferences, sustain the attention of young learners, or provide individualized feedback
that addresses each child’s specific learning needs.

Recent advances in artificial intelligence have introduced new opportunities to ad‑
dress these limitations. In a 12‑week pilot study involving 50 learners, Zhou et al. (2025)
developed and evaluated an artificial intelligence‑based real‑time feedback system that
integrated automatic speech recognition, phonetic and syntactic error detection, and prag‑
matic analysis. Their findings demonstrated improvements in pronunciation, grammar,
and communicative performance, highlighting the potential of adaptive technologies to
provide immediate and personalized feedback. Likewise, in a framework‑based study
proposing the Smart Multimodal Enhanced Interaction Learning Framework (SMEILF),
L. Han (2025) highlighted the educational value of multimodal learning environments
that integrate images, videos, real‑time feedback, and adaptive learning pathways. The
proposed framework emphasized that combining visual and auditory input can enhance
learner engagement, improve comprehension and retention, and support the development
of language skills through interactive and personalized learning experiences.
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Despite these advantages, technology alone may not fully address the demands of
advanced phonemic awareness instruction. In their project developing an interactive
phoneme blendingwebsite for primary school children aged 6 to 9 years, Sabry et al. (2025)
emphasized the importance of combining digital learning tools with explicit instructional
guidance. Their findings suggest that, while technology can effectively support phoneme
recognition and blending through interactive activities, complex phonemic manipulation
skills continue to benefit from teacher guidance, modeling, and individualized support.
Accordingly, a balanced instructional approach that integrates artificial intelligence tools
with teacher‑mediated instruction may provide the most effective framework for develop‑
ing phonological awareness among young learners.

AI‑Based Tools in Early Literacy

In recent years, there has been widespread growth in AI‑based platforms used to im‑
prove early literacy. These systems present personalized learning paths and change ma‑
terial in real time based on student performance, which enables differentiated instruction
in kindergartens (Kosmas et al., 2025). AI systems also increase young children’s engage‑
ment via the use of multimodal elements, including animation, game‑based activities, and
immediate corrective feedback, which in turn improves early reading results (Neumann,
2018). In addition, when AI tools are designed in collaboration with educators, they per‑
form well in raising student motivation. Furthermore, they tend to yield superior reading
results when integrated into the classroom, when compared with traditional static digital
resources (Kosmas et al., 2025). In addition, this technology provides exposure to correct
pronunciation, offers repetitive phoneme practice and provides learners with a chance to
self‑correct via visual and audio cues, which are very important elements for the develop‑
ment of early phonological skills, particularly among ESL/EFL learners. Despite these ad‑
vantages, the existing literature has not truly examinedAI’s role in building phonemic sub‑
skills, such as segmentation, deletion, and substitution, in second‑language kindergarten
settings. Furthermore, recent research has focused on digital phonics as opposed to AI‑
based adaptive education, revealing the need for more targeted studies in this promising
field (Naeem & Khan, 2024).

International research has consistently emphasized the importance of phonological
awareness in literacy development, and studies conducted in Jordan have reached similar
conclusions regarding its central role in English language learning and reading achieve‑
ment. Evidence from the Jordanian context indicates that phonological awareness con‑
tributes significantly to the development of early reading skills and should be system‑
atically integrated into EFL instruction. For example, Al Tamimi (2012) demonstrated
that an explicit phonological awareness intervention improved young learners’ perfor‑
mance in key phonological skills, including blending, deletion, and substitution. Re‑
search has also highlighted challenges related to teacher preparation and instructional
practices. Al‑Shaboul (2018) found that pre‑service EFL teachers recognized the impor‑
tance of phonological awareness for reading development, but required stronger prepara‑
tion to effectively teach and assess these skills. Similarly, Alhumsi and Awwad (2020) re‑
ported that many Jordanian EFL teachers demonstrated a limited understanding of phono‑
logical awareness concepts and frequently confused phonological awareness with phonics.
Alongside this growing interest in phonological awareness, Jordanian researchers have in‑
creasingly explored the educational potential of artificial intelligence in English language
learning. For instance, Al‑Mawaly andAl‑Jamal (2022) reported thatAI‑based applications
had positive effects on developing listening skills among Jordanian sixth‑grade learners,
while Almawadeh et al. (2024) found that an AI‑powered chatbot significantly improved
speaking performance among Jordanian eighth‑grade students. More recently, Al‑Smadi

https://doi.org/10.3390/educsci16071049



Educ. Sci. 2026, 16, 1049 8 of 24

et al. (2025) emphasized the importance of integrating artificial intelligence tools with
effective pedagogical practices to maximize language learning outcomes. Despite these
advances, existing Jordanian research has primarily focused on older learners and lan‑
guage skills such as listening and speaking. Consequently, limited empirical attention
has been devoted to examining how AI‑supported learning environments, especially the
Starfall platform, can facilitate the development of phonological awareness among young
EFL learners. This gap is particularly evident in kindergarten settings, where the poten‑
tial of innovative digital platforms to support early literacy development remains insuffi‑
ciently explored.

1.1.3. Research Gap

Although the value of digital instruction and the growth of AI’s role in early literacy
have been reported in the existing literature, large gaps remain. In particular, researchers
have not examined AI systems that teach specific phonemic subskills, for instance, ini‑
tial sound identification, deletion, and substitution, in young EFL/ESL learners, who may
greatly benefit from adaptive audio support. While much research has been conducted on
digital phonics, less has been undertaken regarding AI‑driven adaptive systems, limiting
our understanding of the value of real‑time customization for phonological development
(Neumann, 2018). However, a few studies have compared AI‑assisted instruction with
conventional teacher‑led approaches in kindergarten, providing insights into what each
has to offer. Still, there is limited research examining the pros and cons of AI. While it
supports basic skills adequately, it may fall short in complex phoneme skills, and an area
that is not well understood. Furthermore, there is a dearth of research on AI‑based phono‑
logical awareness interventions in Arab and multilingual early childhood settings, leaving
a gap in this field. This study examines the impact of an AI‑based tool (Starfall) on five
phonemic subskills in kindergarten students; it also compares this tool with conventional
instruction, offering a perspective on a new and under‑researched area of literacy.

1.1.4. Statement of the Problem

Phonological awareness is the basis of early reading and is an issue with which many
kindergarteners have trouble, particularly English language learners (Zhang et al., 2025).
Present teaching methods mostly involve repetitive, language‑based tasks that do not al‑
ways engage young learners or address their different learning needs (Strasser et al., 2023).
Conversely, AI in education provides technologies such as Starfall, which offers adaptive,
interactive, and multisensory learning, which in turn may improve phonological skills.
However, there is insufficient research examining how AI‑based instruction affects the
phonological awareness of kindergarteners (Neumann, 2018). Thus, this study aims to ex‑
amine whether AI tools really do outperform conventional methods in improving phone‑
mic awareness in young learners.

2. Materials and Methods
2.1. The Design

The researchers used a quasi‑experimental design to examine the performance of an
AI‑based program in terms of improving phonemic awareness in developing children. The
independent variable was the use of the Starfall educational platform, and the dependent
variable was phonemic awareness. Children were divided into a control group and an
experimental group.
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2.2. Participants

Students were selected from Al‑Hussain Bin Talal Model School. The study included
45 children, divided into two groups: a control group (n = 23), consisting of 14 females
and 9 males, and an experimental group (n = 22), consisting of 12 females and 10 males.
All participants were enrolled in kindergarten and ranged in age from 5 to 6 years. The
children shared similar cultural and socioeconomic backgrounds, as most of them had at
least one parent—if not both—employed at Al‑Hussein Bin Talal University, either as aca‑
demic staff members or administrative employees. This relative homogeneity contributed
to minimizing external variability related to environmental and sociocultural factors.

Furthermore, all participants were reported to be physically and mentally healthy,
with no identified cognitive, developmental, or physical disabilities. This ensured that
the observed outcomes could be more reliably attributed to the instructional interventions
rather than to individual health or developmental differences.

It should be mentioned that some participating children were either born in or spent
part of their early childhood in English‑speaking environments, including the United
States and the United Kingdom. This was primarily due to one or both parents being
sponsored by the university to pursue their studies abroad. As a result, these childrenwere
exposed to English at an early stage, gaining preliminary linguistic experiences through lis‑
tening and everyday interaction. Such early exposure may have contributed to variations
in their phonemic awareness levels when compared with peers who had not experienced
similar linguistic environments.

Moreover, Arabic is the official medium of instruction across all participating schools
and serves as the primary language for teaching and classroom interaction. In contrast,
English is introduced as a foreign language and is taught through structured instructional
sessions lasting approximately 20 min per day. The use of English within these sessions
is limited to guided learning activities designed to develop foundational language skills,
including phonemic awareness.

It is also essential to recognize that Arabic and English each possess distinct phono‑
logical systems, which can influence how children perceive and acquire sounds. Although
there are certain similarities in the pronunciation of some phonemes across the two lan‑
guages, notable differences exist. In particular, some phonemes are language‑specific, ap‑
pearing in one language but not the other, or differ in their articulation (Swan & Smith,
2001; Odisho, 2005).

An intervention was implemented for both groups. The control group was taught
via conventional methods that mostly included teacher‑directed work and drills, while
the experimental group used the Starfall platform. Pretesting was conducted for both
groups; this revealed no significant differences between them, indicating that the groups
were equivalent.

2.3. Instrument

For data collection, the researchers created a test with five sections and five items per
section based on the studies of Hjetland et al. (2019) and Yopp (1995). The test was de‑
signed to assess five subskills of phonemic awareness: (a) Initial Phoneme Identification
(IPI), (b) Phoneme Blending (PB), (c) Phoneme Segmentation (PSG), (d) Phoneme Deletion
(PD), and (e) Phoneme Substitution (PSB). Simple and very common vocabulary was cho‑
sen, appropriate for each student’s level. In addition, two experts in the field of English
language teaching checked the test’s validity and reliability. The Kindergarten Phonemic
Awareness Test administered in the present study is presented in Appendix A.

https://doi.org/10.3390/educsci16071049

https://doi.org/10.3390/educsci16071049


Educ. Sci. 2026, 16, 1049 10 of 24

2.4. Starfall Educational Platform

AI is a multidisciplinary field concerned with the development of computer‑based
systems capable of performing functions that typically require human intelligence, includ‑
ing learning, reasoning, problem solving, adaptation, and decision making. Contempo‑
rary perspectives on AI increasingly emphasize intelligent systems that can perceive in‑
formation from their environment, process available data, adapt to changing conditions,
and make decisions that support the achievement of specific objectives (Russell & Norvig,
2021). In educational contexts, AI‑supported technologies are particularly valued for their
capacity to facilitate personalized learning, provide immediate feedback, monitor learner
progress, and adapt instructional experiences to individual needs and performance levels.
These characteristics have contributed to the growing adoption of technology‑enhanced
learning environments designed to improve educational outcomes and learner engage‑
ment (UNESCO, 2021). Within this context, Starfall represents an interactive literacy plat‑
form developed for children from preschool through second grade. Although it is not a
fully autonomous AI system, it incorporates several features commonly associated with
AI‑supported and personalized learning environments. Drawing on Gardner’s (2011) the‑
ory of multiple intelligences, the platform integrates sounds, animated pictures, songs, sto‑
ries, educational games, and interactive activities to accommodate diverse learning styles
and support active learner engagement. In addition, Starfall provides structured and self‑
paced learning experiences, multimodal content delivery, interactive feedback, and pro‑
gressive literacy activities targeting phonemic awareness, phonics, vocabulary, and read‑
ing comprehension. Previous research has demonstrated the educational value of this plat‑
form in supporting literacy development. For example, Bataineh and Alghareeb (2025)
reported that the use of Starfall in EFL classrooms enhanced learner participation, moti‑
vation, and reading comprehension while providing teachers with effective opportunities
to integrate educational technology into literacy instruction. Collectively, these features
make Starfall a valuable technology‑supported learning tool for promoting early language
and literacy development among young learners (Bataineh & Alghareeb, 2025; Russell &
Norvig, 2021).

The Starfall platform was used as an educational tool to improve the phonological
awareness of learners. This program was chosen due to its simplicity and suitability for
learners at an early age. It shows phonemes andwords in an interactiveway that combines
both sounds and images, helping children to understand them more easily.

Through this platform, it was observed that learners directly engaged with the ac‑
tivities available in the program, including listening to sounds, identifying them, and
trying to construct or segment them. This type of interaction helped the learners rec‑
ognize the difference between sounds and practice them instead of only listening to
theoretical explanations.

The simplicity of designing activities through this program and its ease of use helped
the learners engage with it. The activities were clear and suited to their age. Fur‑
thermore, the program’s direct feedback helped the learners identify their mistakes and
self‑correct them.

Overall, Starfall was considered to be appropriate for these kinds of learners because it
introduces content in a gradual and interactiveway. It also enables learners to learn through
trial and practice, thus supporting the development of their phonological awareness.

2.5. Procedure of the Intervention

Before the intervention began, the teacher of the experimental group received sys‑
tematic and structured training on implementing the phonemic awareness instructional
program using the Starfall platform. The training focused on clarifying the instructional
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objectives, organizing the sequence of phonemic awareness skills, and selecting appro‑
priate teaching strategies aligned with the developmental characteristics of kindergarten
learners. Particular attention was given to integrating the interactive features of the Star‑
fall platform, including animated pictures, audiovisual phonics activities, pronunciation
modeling, sound repetition, and picture‑supported exercises. The training also provided
detailed guidance on conducting activities according to the instructional stages of introduc‑
tion, discrimination, and writing. During these stages, the teacher learned how to employ
the application’s multimodal resources effectively to reinforce phonemic awareness skills.
For example, animated visual scenes, colorful picture representations, and synchronized
sound effects were used to help learners associate phonemes with meaningful visual con‑
texts. In addition, learners were exposed to repeated auditory models accompanied by
moving images and interactive tasks designed to maintain attention and enhance sound
discrimination. Furthermore, the training included practical demonstrations conducted by
the researchers to illustrate how the application could be integrated into classroom instruc‑
tion. The teacher was trained to utilize Starfall’s immediate audiovisual feedback features,
interactive games, phonics songs, and animated storytelling activities to encourage learner
participation and self‑correction. Discussions also addressed classroom management pro‑
cedures, activity sequencing, and effective feedback techniques to ensure consistency in
instructional implementation. This preparation process was intended to maintain a high
level of instructional fidelity and maximize the educational benefits of the AI‑supported
learning environment throughout the intervention period.

In contrast, the control group teacher taught phonemic awareness skills using a di‑
rect teaching approach characterized by explicit instruction, teacher‑centered delivery, and
structured practice. The teacher followed a fixed instructional sequence aligned with the
stages of introduction, discrimination, and production, relying primarily on a smart board
and images. With this approach, the teacher assumed full responsibility for presenting
the content, modeling accurate pronunciation, and guiding learners’ responses through
repetition and immediate corrective feedback.

This direct instructional pattern was consistently applied across all phonemic aware‑
ness skills, including initial phoneme identification, blending, segmentation, deletion, and
substitution. Learners first listened to the word as pronounced by the teacher, then iden‑
tified or distinguished its phonemic components through auditory or visual input, and
finally demonstrated their understanding through structured writing tasks such as com‑
pleting missing letters or constructing words using cards. This approach ensured consis‑
tency in instructionwhile emphasizing repetition, clarity, and the central role of the teacher
in guiding the learning process.

The intervention was carried out over seven weeks. In the first week, the pretest was
conducted. The intervention spanned the next five weeks, during which the focus was
on developing one of the five phonemic awareness skills per week. In the last week, the
posttest was administered.

The intervention was conducted over five weeks, with each week focusing on one
of the five variables: IPI, PB, PSG, PD, and PSB. Sessions were held 3 times a week for
15–20‑min intervals. The Starfall platformwas used and displayed on the classroom screen.

In the first week, initial phoneme identification was introduced, as presented in the
ABCs unit of Starfall. The children listened to the target sounds and then identify words or
pictures that began with the same initial phoneme. To help with their sound recognition,
visual aids such as color‑coding were used. For example, children were presented with
word pairs such as “Sun–Sock” and were asked to determine whether both words began
with the same initial sound by responding “yes” or “no” (see Figure 1). In the secondweek,
phoneme blendingwas introduced. Learners listened to individual phonemes through the
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Learn to Read section and were directed to blend them into complete CVC words. Learn‑
ers were encouraged to formmeaningful connections between sounds through interactive
activities, which included repetition and audio feedback. After children listened to seg‑
mented sounds (e.g., /m/, /ɒ/, /p/), they were required to blend them to produce the target
word, “mop” (see Figure 2).

 
Figure 1. Initial phoneme identification.

 

Figure 2. Phoneme blending.

The third weekwas devoted to instructing children in phoneme segmentation. Learn‑
ers were taught to break down words into individual phonemes through digital activities.
Each letter was highlighted by the program as its sound was produced. This supported
both auditory and visual processing of phonemic units. For instance, children were asked
to break down words into their constituent sounds (e.g., “sit” → /s/ /ɪ/ /t/) (see Figure 3).
The fourth week addressed phoneme deletion. Learners were required to recognize the
new word that was formed after deleting one phoneme from another word; for example,
“Say cat without /k/,” where the correct response is “at.” These activities helped learners listen
carefully and analyze the sound patterns in order to improve their phonemicmanipulation
skills (see Figure 4).

In the fifth week, children were trained on phoneme substitution. In this activity,
learners were instructed to substitute one sound for another, which in turn produced a
new word; for example, changing /f/ in “fan” to /m/ to produce “man.” As the exercise
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progressed, the program gave students immediate audiovisual feedback for correct an‑
swers, enabling them to self‑correct and improve their awareness of how a change in just
one phoneme can totally change the meaning (see Figure 5).

 

Figure 3. Phoneme segmentation.

 

Figure 4. Phoneme deletion.

 
Figure 5. Phoneme substitution.

The sessions had a set structure that included a short warm‑upwith sound and rhyme
repetition. The Starfall platform was then used for a digital task, followed by a brief rein‑
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forcement activity. Auditory, visual, and kinesthetic learning were integrated to provide
an organized and engaging approach, which improved phonemic awareness. The control
group covered the sameweekly topics in phonemic awareness and word lists, but only via
conventional teacher‑directed instruction, which included whole‑group drills and explicit
teacher demonstrations. Worksheets were also used, as they are typical elements in the
literacy curriculum.

Finally, all participants undertook the phonemic awareness test as a pretest at the
beginning of the study and as a posttest upon completion of the five‑week program.

Table 2 illustrates the daily instructional plan of the intervention sessions, including
the activities used, their duration, and expected outcomes.

Table 2. Daily instructional plan of the intervention sessions.

Session Focus Skill Activity Description Duration Expected Outcome

1 Pretest
Administration of
phonological
awareness pretest

45 min Measures prior knowledge

2 Initial Phoneme
Identification

Identifying initial sounds
using AI activities 45 min Improved recognition of

initial phonemes

3 Phoneme Blending Blending sounds to
form words 45 min Ability to blend phonemes to

form meaningful words

4 Phoneme Segmentation Breaking words into
individual sounds 45 min Improved segmentation skills

5 Phoneme Deletion Deleting s sound from a word
(e.g., saying “cat” without /k/) 45 min Understanding phoneme

manipulation

6 Phoneme Substitution

Replacing one sound with
another to get a new word
(e.g., exchanging /b/ with /m/
for “bat”)

45 min Advanced phonological
awareness

7 Posttest Administration of posttest 45 min Measure improvement

2.6. Study Ethics

As the participants of the study were children, strict ethical research standards were
adhered to. First, informed consent was obtained from the ethics committee of Al‑Hussain
Bin Talal Model School, number (deleted for peer review), prior to data collection.

In addition, after explaining the aimof the study, informed consentwas obtained from
the participants’ parents allowing their children to voluntarily participate in the study. The
parents were also informed that participation was voluntary and that their children were
free to withdraw from the study at any time.

The parents were also informed that the datawould be confidential and could be used
only for the study’s purposes. To ensure the confidentiality of the data, codes were used
instead of the participants’ real names. The activities performed in the study were suitable
for the participants’ age and did not pose any risk of psychological or educational harm.

2.7. Data Analysis

The data collected from the pretest and posttest were analyzed using the Statistical
Package for the Social Sciences (SPSS) software, version.24. Some statistical techniques,
such as descriptive statistics, including means and standard deviations, were calculated to
determine the effect of the AI‑based program on the kindergarteners’ phonemic awareness
development. Independent‑samples t‑tests were also conducted to examine if there were
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significant differences between the two groups regarding the pre‑ and posttest scores for
the five variables. The significance level (alpha) was set at p ˂ 0.05 for all statistical tests.

3. Results
3.1. Results for Research Question 1 (RQ1): Does AI‑Based Teaching Have a Significant Impact
on Enhancing Phonemic Awareness in Kindergarten Children Compared with Conventional
Teaching Methods?

To answer the first research question, descriptive statistics were analyzed to deter‑
mine the impact of AI‑based teaching on phonemic awareness in kindergarten students.

Table 3 introduces the means, standard deviations and pretest and posttest results
for the control and experimental groups across the five variables: IPI, PB, PSG, PD, and
PSB. It also presents the results of an independent‑samples t‑test, showing the differences
between the two groups.

Table 3. Student performance in control and experimental groups.

Testing Variable
Control Group Experimental Group

t Sig.
Mean df SD Mean df SD

Pre‑Experiment Test

IPI 0.05

22

0.04 0.04 0.04

21

0.48 0.72
PB 0.04 0.03 0.06 0.03 0.12 −1.61
PSG 0.03 0.04 0.06 0.03 0.06 −3.05
PD 0.07 0.04 0.10 0.04 0.08 −1.81
PSB 0.07 0.04 0.09 0.04 0.16 −1.44

Post‑Experiment Test

0.09 IPI

22

0.05 0.12 0.04

21

0.02 −2.37
0.14 PB 0.04 0.14 0.04 0.84 −0.21
0.08 PSG 0.04 0.11 0.04 0.01 −2.57
0.10 PD 0.03 0.13 0.04 0.01 −2.57
0.10 PSB 0.04 0.12 0.04 0.12 −1.58

Table 3 presents the means, standard deviations, t values, degrees of freedom, and
significance levels for both the experimental and control groups across the five phonemic
awareness subskills. The pretest results revealed no statistically significant differences be‑
tween the groups across all subskills, including IPI, PB, PSG, PD, and PSB, with all p‑values
exceeding 0.05. These findings indicate that the two groups were statistically equivalent
before the intervention. Following the AI‑based instructional program, the posttest results
revealed statistically significant differences in favor of the experimental group in initial
phoneme identification ((t21) = −2.37, p = 0.02), where the experimental group achieved
a higher mean score (M = 0.12, SD = 0.05) than the control group (M = 0.09, SD = 0.04).
Similarly, significant differences were observed in phoneme segmentation ((t21) = −2.57,
p = 0.01), with the experimental group achieving amean score of 0.11 (SD = 0.04) compared
with 0.08 (SD = 0.04) for the control group. Significant improvements were also found in
phoneme deletion, ((t21) = −2.57, p = 0.01), favoring the experimental group (M = 0.13,
SD = 0.03) over the control group (M = 0.10, SD = 0.04). In contrast, no statistically signifi‑
cant differenceswere found in phoneme blending, ((t21) =−0.21, p = 0.84), or phoneme sub‑
stitution, ((t21) = −1.58, p = 0.12), although the experimental group demonstrated slightly
higher mean scores in both subskills. Overall, these findings suggest that the AI‑based in‑
structional program was effective in improving initial phoneme identification, phoneme
segmentation, and phoneme deletion, while its effect on phoneme blending and phoneme
substitution was not statistically significant.
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3.2. Results for Research Question 2 (RQ2): Are There Any Significant Differences Between the
Experimental and Control Groups Across the Five Phonemic Awareness Subskills?

To answer the second research question, an Independent‑Samples t‑test was carried
out to identify differences between the experimental and control groups.

Figure 6 illustrates the mean scores of the control and experimental groups in the
pretest and posttest across the five phonemic awareness variables. The results showed
statistically significant differences in favor of the experimental group for some phonemic
awareness subskills; specifically, in initial phoneme identification (p = 0.02), phoneme seg‑
mentation (p = 0.01), and phoneme deletion (p = 0.01). These findings suggest that the
AI‑based instructional program demonstrated a significant impact on these subskills.
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Figure 6. Mean scores for the control and experimental groups in pre‑ and post‑experiment tests
across the five variables.

In contrast, no statistically significant differenceswere observed in phoneme blending
(p = 0.84) and phoneme substitution (p = 0.12), although the experimental group demon‑
strated slightly higher mean scores in these variables.

To determine whether these differences were statistically significant (α ≤ 0.05), an
Analysis of Covariance (ANCOVA) was conducted. In addition, Eta squared (η2) was cal‑
culated to measure the effect size of using artificial intelligence tools on enhancing English
phonological awareness among kindergarten children. The detailed results are presented
in Table 4.

Table 4. Analysis of Covariance (ANCOVA) examining the significance of differences in the study
sample’s scores on the phonological awareness scale according to group (control vs. experimental).

Source Sum of Squares df Mean Square F‑Value Sig. Eta Squared (η2)
Pre‑test 147.2 1 147.2 278.1 0.04 0.01
Group 68.3 1 68.3 128.8 0.00 0.76
Error 22.4 42 0.53

Corrected Total 237.9 44

The results presented in Table 4 indicate statistically significant differences (α ≤ 0.05)
between the experimental and control groups in the post‑test phonological awareness scale,
favoring the experimental group. To examine the significance of these differences, an
(ANCOVA) was conducted using the pretest scores as a covariate. The results revealed a
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statistically significant effect for the group variable ((F1, 42) = 128.8, p < 0.05), indicating that
the AI‑based instructional intervention had a significant impact on participants’ phonolog‑
ical awareness performance. Furthermore, the obtained Eta squared value (η2 = 0.76) rep‑
resents a large effect size, indicating that approximately 76% of the variance in the posttest
phonological awareness scores can be attributed to the instructional treatment. These find‑
ings demonstrate the superior performance of the experimental group compared with the
control group, providing strong evidence for the effectiveness of artificial intelligence tools
in enhancing English phonological awareness among kindergarten children.

4. Discussion
The present study investigated the effectiveness ofAI‑based instruction, implemented

through the Starfall platform, in developing English phonological awareness among Jorda‑
nian kindergarten children. The findings revealed statistically significant improvements in
initial phoneme identification, phoneme segmentation, and phoneme deletion among chil‑
dren in the experimental group. These findings suggest that AI‑supported instructional
environments can contribute meaningfully to the development of foundational phonolog‑
ical awareness skills during the early stages of English language learning.

The positive outcomes observed in the current studymay be explained by the instruc‑
tional characteristics of the Starfall platform. The program combines animated visual rep‑
resentations, auditory modeling, interactive activities, repetition, and immediate feedback
within a structured learning sequence. These features provide children with repeated op‑
portunities to attend to speech sounds and establish connections between phonemes and
their corresponding symbols. This interpretation is consistent with the conclusions of Su
et al. (2023), who emphasized that AI‑supported educational technologies can provide
adaptive and personalized learning experiences that accommodate individual learner dif‑
ferences and enhance engagement. Similar findings were reported by Benebo‑Solomon
and Ohaka (2024) and Quan et al. (2026), who found that AI‑based applications can sup‑
port language development through individualized instruction, movement‑based learning
experiences, and immediate corrective feedback.

The present findings also align with previous research examining technology‑enhanced
literacy instruction in early childhood settings. Neumann (2018) concluded that digi‑
tal learning resources characterized by interactive components and immediate feedback
positively influence the development of phonological awareness. Likewise, Malik et al.
(2024) reported that technology‑supported phonics instruction enhanced learner engage‑
ment and literacy outcomes among young children through game‑based andmultisensory
learning activities. The present findings are further supported by Bataineh and Alghareeb
(2025), who demonstrated that the use of Starfall improved learner participation, motiva‑
tion, and literacy‑related outcomes among young EFL learners. Collectively, these studies
suggest that technology‑supported platforms can create highly engaging learning environ‑
ments that facilitate the acquisition of foundational literacy skills during the early years
of schooling.

The significant gains observed in Initial Phoneme Identification, Phoneme Segmenta‑
tion, andPhonemeDeletion can also be interpreted in light of established theories of phono‑
logical awareness development. Gillon (2018), Moats (2020), and the National Reading
Panel (2000) emphasized that phonological awareness developsmost effectivelywhen chil‑
dren receive systematic and explicit instruction that allows them to identify, analyze, and
manipulate speech sounds. Similarly, Castles et al. (2018), Sedita (2020), and Anku (2024)
highlighted the importance of phonemic awareness as a prerequisite for understanding
the alphabetic principle and acquiring reading skills. The structured, repetitive learning
experiences provided by Starfall appear to have created favorable conditions for strength‑
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ening these foundational abilities. Furthermore, Gellert and Elbro (2017), Kung (2020), and
Naeem and Khan (2024) have emphasized that auditory discrimination and sensitivity to
phonological structures are particularly important for second‑language learners. Conse‑
quently, the improvements observed in the present study suggest that AI‑supported in‑
struction may provide valuable support for young EFL learners who are still developing
awareness of the English sound system.

These findings are particularly important when considered within the Jordanian ed‑
ucational context. Previous Jordanian research has consistently emphasized the impor‑
tance of phonological awareness for English language learning and reading development.
Al Tamimi (2012) demonstrated that explicit phonological awareness instruction signifi‑
cantly improved Jordanian learners’ performance in blending, deletion, and substitution
tasks. Although the current study employed an AI‑supported platform rather than tra‑
ditional instructional techniques, both studies point to the same conclusion: systematic
phonological awareness instruction is essential for developing early literacy skills among
Jordanian EFL learners. The present study extends Al Tamimi’s findings by demonstrating
that technology‑supported learning environments can also serve as effective vehicles for
delivering phonological awareness instruction during the kindergarten years.

The present findingsmay also be interpreted in relation to research examining teacher
preparation and instructional practices in Jordan. Al‑Shaboul (2018) found that pre‑service
EFL teachers recognized the importance of phonological awareness but often lacked suf‑
ficient preparation to teach and assess these skills effectively. Similarly, Alhumsi and
Awwad (2020) reported that many Jordanian EFL teachers experienced difficulties distin‑
guishing between phonological awareness and phonics and demonstrated limited under‑
standing of phonological awareness levels and instructional procedures. These findings
highlight existing instructional challenges within the Jordanian context. In this respect,
the effectiveness of Starfall observed in the current study suggests that well‑designed
technology‑supported platforms may help address some of these challenges by provid‑
ing structured activities, consistent modeling, and immediate feedback that support both
teachers and learners during phonological awareness instruction.

The results also contribute to the growing body of Jordanian research examining artifi‑
cial intelligence applications in English language learning. Al‑Mawaly andAl‑Jamal (2022)
reported significant improvements in listening comprehension among Jordanian sixth‑
grade students who used AI‑based applications, while Almawadeh et al. (2024) found that
AI‑powered chatbots enhanced speaking performance among Jordanian secondary school
learners. More recently, Al‑Smadi et al. (2025) emphasized that AI technologies can en‑
hance language learning outcomes when integrated with effective pedagogical practices.
Although these studies focused on older learners and different language skills, the current
findings extend the Jordanian literature by demonstrating that AI‑supported learning en‑
vironments can also contribute to the development of foundational literacy skills among
kindergarten children. Consequently, the present study fills an important gap in Jordanian
educational research by providing empirical evidence regarding the use of AI‑supported
instruction for phonological awareness development in early childhood education.

Despite the overall positive findings, no statistically significant differences were
found in phoneme blending and phoneme substitution. This result suggests that not
all phonological awareness skills respond equally to technology‑supported instruction.
Blending and substitution require children tomanipulate, reorganize, and integrate phono‑
logical units within their working memory, which is cognitively more demanding than
identification, segmentation, or deletion tasks. This interpretation is consistent with the
observations of Pistre (2026) and Quan et al. (2026), who argued that while AI‑supported
environments can effectively facilitate phoneme recognition and segmentation, more ad‑
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vanced phonemic manipulation skills often require teacher guidance, scaffolding, and di‑
rect interaction. Ahmed (2023) and reached similar conclusions, emphasizing that tech‑
nological tools should complement rather than replace the social and instructional in‑
teractions that support language acquisition. Therefore, the developmental characteris‑
tics of kindergarten learners, together with the complexity of blending and substitution
tasks, may have limited the extent to which these skills could be improved through the
current intervention.

Overall, the findings indicate that AI‑supported instruction through the Starfall plat‑
form can significantly enhance specific dimensions of phonological awareness among Jor‑
danian kindergarten children, particularly those related to phoneme identification, seg‑
mentation, and deletion. At the same time, the findings highlight the continuing impor‑
tance of teacher guidance in supporting more complex phonological manipulation skills.
Rather than replacing traditional instruction, AI‑based technologies appear to be most
effective when integrated within a balanced educational framework that combines the
strengths of digital learning environments with the expertise, guidance, and scaffolding
provided by teachers. This conclusion is consistent with contemporary perspectives on
blended learning and educational technology integration, which emphasize the comple‑
mentary relationship between technological innovation and effective classroom pedagogy.

5. Conclusions
The present study investigated the effectiveness of AI‑supported instruction through

the Starfall platform in enhancing English phonological awareness among Jordanian
kindergarten children. The findings revealed significant improvements in initial phoneme
identification, phoneme segmentation, and phoneme deletion among the experimental
group, indicating that AI‑supported learning environments can effectively contribute to the
development of foundational phonological awareness skills during early language learning.

These findings support previous research emphasizing the importance of systematic
phonological awareness instruction for literacy development (Gillon, 2018; National Read‑
ing Panel, 2000) and extend recent evidence on the educational value of AI‑supported
technologies in language learning (Su et al., 2023; Raposo‑Rivas et al., 2024). Within the
Jordanian context, the study complements earlier research highlighting the importance
of phonological awareness for English language learning (Al Tamimi, 2012) and expands
recent Jordanian studies that have demonstrated the effectiveness of AI applications in
developing language skills (Al‑Mawaly & Al‑Jamal, 2022; Almawadeh et al., 2024).

However, the absence of significant differences in phoneme blending and phoneme
substitution suggests that more complex phonological manipulation skills may require ad‑
ditional teacher guidance beyond technology‑supported instruction. Therefore, AI‑based
tools should be viewed as complementary resources that support, rather than replace,
teacher‑led instruction. Overall, the study contributes new evidence from the Jordanian
kindergarten context and highlights the potential of AI‑supported learning environments
for strengthening early English literacy development.

6. Implications of the Findings
6.1. Implications for Future Educational Research

Future research should investigate the differential effects of AI‑supported instruc‑
tion on individual phonological awareness subskills across different age groups and ed‑
ucational contexts. Longitudinal studies are also needed to examine whether improve‑
ments in phonological awareness transfer to later reading, spelling, and overall literacy
achievement. Furthermore, future studies may compare different AI‑supported platforms
and instructional designs to identify which technological features contribute most effec‑
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tively to phonological awareness development. Additional research involving larger sam‑
ples and diverse linguistic contexts would further strengthen the understanding of how
AI‑supported learning environments can support early literacy acquisition among young
second‑language learners.

6.2. Implications for Educational Policy and Practice

From a policy perspective, the findings support current educational efforts in Jordan
to integrate digital technologies into teaching and learning environments while promoting
learner‑centered instructional practices. Educational authorities may consider incorporat‑
ing developmentally appropriate technology‑supported literacy programs into early child‑
hood education settings, particularly in contexts where learners have limited exposure to
English outside the classroom. In addition, teacher preparation programs and professional
development initiatives should provide educators with practical training on phonologi‑
cal awareness instruction and the effective integration of AI‑supported educational tools.
Such training may help to address challenges previously identified in Jordanian research
regarding teachers’ understanding and implementation of phonological awareness instruc‑
tion (Al‑Shaboul, 2018; Alhumsi & Awwad, 2020).

At the classroom level, the findings suggest that AI‑supported instructional tools
should be viewed as complementary rather than substitutive resources. While digital
platforms can provide structured practice, immediate feedback, and individualized learn‑
ing opportunities, the role of the teacher remains essential in supporting higher‑level
phonological manipulation skills and facilitating meaningful language interaction. Conse‑
quently, balanced instructional models that combine technology‑supported learning with
teacher‑guided instruction may offer the most effective approach for enhancing early liter‑
acy development among Jordanian kindergarten learners.

7. Limitations
Despite these positive results, some limitations were encountered in this study. First,

the sample size was small and limited to only one school, which might affect the gener‑
alizability of the results. Second, the intervention period was relatively short and might
be insufficient to show the full effect of using AI on all phonemic awareness skills, espe‑
ciallymore complex skills. Finally, this study used only one tool, limiting a comprehensive
understanding of the roles of other technological tools.

8. Recommendations
In light of the findings, future studies should be conducted using a larger sample size

and in other educational environments in order to increase the generalizability of the re‑
sults. It is also suggested that longer‑term studies should be conducted to better identify
the effects of using AI on developing learners’ phonological awareness. These technologi‑
cal tools should be integratedwith conventional teaching instead of relying solely on them,
especially for cognitively demanding skills. Finally, the scope of this research should be
extended to include different tools and techniques, in order to compare their effectiveness.
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Appendix A

Table A1. Kindergarten Phonemic Awareness Test Items.

Item Subskill Word‑Pair Expected Response Score (0/1)
1

Phoneme Identification

Sun‑Sock Yes

2 Fan‑Van No

3 Moon‑Man Yes

4 Egg‑Eat No

5 Leaf‑Lamp Yes

6 Pen‑bin Yes

7 Nose‑Foot No

8 So‑Zoo No

9 Web‑Window Yes

10 Cat‑Cake Yes

11

Phoneme Blending

/b/…/i:/ be

12 /ʃ/…/әʊ/ show

13 /s/ …/ɪ/…/n/ sin

14 /t/…/ɒ/…/p/ top

15 /m/…/æ/…/n/ man

16 /f/…/ɪ/…/t/ fit

17 /h/…/æ/…/d/ had

18 /r/…/ʌ/…/n/ run

19 /f/…/u:/…/t/ foot

20 /ʌ/…/p/ up

21

Phoneme Segmentation

been /b/…/i:/…/n/

22 sit /s/…/ɪ/…/t/

23 red /r/…/e/…/d/

24 fat /f/…/æ/…/t/

25 cup /k/…/ʌ/…/p/

26 pan /p/…/æ/…/n/

27 hot /h/…/ɒ/…/t/

28 ship /ʃ/…/ɪ/…/p/

29 go /g/…/әʊ/
30 she /ʃ/…/i:/
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Table A1. Cont.

Item Subskill Word‑Pair Expected Response Score (0/1)
31

Phoneme Deletion

Say fan without /f/ an

32 Say pin without /p/ in

33 Say seat without /s/ eat

34 Say boat without /t/ bow

35 Say ball without /b/ all

36 Say got without /t/ go

37 Say soap without /p/ so

38 Say farm without /f/ arm

39 Say cat without /k/ at

40 Say meat without /m/ eat

41

Phoneme Substitution

Start with fan. Change /f/ to /m/. man

42 Start with top. Change /t/ to /m/. mop

43 Start with sit. Change /s/ to /p/. pit

44 Start with bug. Change /b/ to /r/. rug

45 Start with net. Change /n/ to /g/. get

46 Start with lip. Change /L/ to /z/. zip

47 Start with bed. Change /b/ to /r/. red

48 Start with sun. Change /s/ to /f/. fun

49 Start with map. Change /m/ to /k/. cap

50 Start with pin. Change /p/ to /w/. win
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