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1. Introduction

Preschool education is crucial in helping children develop essential language and literacy 
skills, with the learning environment significantly influencing their growth (Buckingham et al., 
2023). In Malaysian public preschools, the typical teacher-to-student ratio is 1:25, meaning each 
teacher is responsible for 25 children (Kong, 2023; Ministry of Education Malaysia [MOE], 
2018). However, this ratio can increase to as high as 1:28 due to a shortage of teachers, which 
further challenges the learning experience (Rahmatullah et al., 2021).

The Malaysia Education Blueprint 2013-2025 outlines the Ministry of Education’s 
expectation for children in Malaysia to achieve a certain level of proficiency in the English 
language (Ministry of Education Malaysia [MOE], 2013). However, in a multilingual 
environment like Malaysia, English is not the first language for most children. In Sarawak, home 
to more than 18 ethnic groups, children’s primary languages include Sarawak Malay, Iban, Malay, 
Bidayuh, and Chinese (Lee et al., 2020). A previous study on preschoolers in Sarawak reported 
that while most preschoolers (78.3%) possess alphabetic knowledge, approximately 21.7% 
struggle to establish a strong foundation in this area (Wang & Lee, 2020). Consequently, these 
children often require additional support from teachers to effectively develop their language skills 
and keep pace with their peers (Magnuson et al., 2007).

While reducing class sizes is known to enhance educational outcomes, this is often a costly 
solution (Kedagni et al., 2021). An alternative approach is to use multisensory digital systems 
to enhance children’s language learning experiences in the classroom (Fadeev & Milyakina, 
2021; O’Brien et al., 2022). Despite their potential benefits, this area remains largely unexplored 
among preschoolers in Sarawak, Malaysia. This study aims to address this gap by conducting 
an experimental investigation that will provide valuable insights for teachers and policymakers 
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regarding the effectiveness of such digital interventions in preschool settings.

1.1. Significance of the Study

The significance of this study lies in its potential to evaluate the effectiveness of a 
multisensory web-based early literacy intervention aimed at improving early literacy instruction. 
Specifically, it focuses on enhancing letter name knowledge and letter recognition among 
preschool children. The study seeks to raise awareness among educators about innovative 
teaching methods by demonstrating the advantages of integrating digital technologies into 
preschool pedagogy. Furthermore, it provides valuable insights for policymakers and educators, 
advocating for the use of multisensory web-based interventions to enhance literacy-focused 
instruction in early childhood education.

1.2. Context of The Study

According to the Ministry of Education (2013), children in Malaysia are expected to 
achieve proficiency in both English and Malay. However, many children in Sarawak grow up 
in multilingual environments where English is not their first language (Lee et al., 2020). Given 
this context, preschools play a vital role in fostering early literacy skills in English. However, 
the teacher-child ratios often exceed 1:25, which limits individualized attention and interactive 
learning opportunities. This study sought to determine whether a multisensory web-based early 
literacy intervention could serve as a supplementary tool for teachers, potentially enhancing 
children’s acquisition of alphabet knowledge in English. Specifically, this pilot study sought 
to determine the effectiveness of this intervention in developing letter recognition and letter 
naming skills among preschoolers who are non-native English speakers. The study addressed the 
following research questions:

1. How does the multisensory web-based early literacy intervention affect children’s 
uppercase and lowercase letter recognition skills?

2. How does the multisensory web-based early literacy intervention affect children’s 
uppercase and lowercase letter naming skills?

3. In what ways does the recognition of uppercase and lowercase letters differ between 
children who received the intervention and those who did not?

4. In what ways does the naming of uppercase and lowercase letters differ between children 
who received the intervention and those who did not?

1.3. Research Framework

1.3.1. Conceptual framework

This study utilized a multisensory web-based early literacy intervention aimed at improving 
preschoolers’ letter recognition skills and letter name knowledge. The multisensory framework 
for this study integrates four key sensory modalities: seeing, saying, hearing, and writing, as 
highlighted by previous research (Farrell & Sherman, 2011; Zanatta & Rosales-Ruiz, 2021). 
The “See” component enables children to visually identify letters displayed on a screen, while 
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the “Say” component encourages them to vocalize the letters, reinforcing verbal recognition. 
The “Hear” element fosters auditory engagement, allowing children to listen to the correct 
pronunciation of the letters. Lastly, the “Write” component promotes tactile and kinesthetic 
learning through the physical act of writing the letters. These interconnected sensory experiences 
create a robust learning environment that enhances information encoding, retrieval, and overall 
literacy outcomes  (see Figure 1). By employing this multisensory approach, this intervention 
aims to address shortcomings in early traditional literacy instruction and provide children with an 
engaging and effective learning experience.

Figure 1

Conceptual Framework

 

 2. Literature Review

2.1. Alphabet Knowledge 

Developing early literacy skills is crucial for laying the groundwork for later reading 
proficiency and overall academic success. These foundational skills include alphabet knowledge, 
phonological awareness, rapid automatized naming of letters, digits, objects, or colors, name 
writing, letter writing, and phonological memory (National Early Literacy Panel [NELP], 2008). 
Among these skills, alphabet knowledge strongly predicts later literacy development, influencing 
reading and spelling abilities (Castles et al., 2018; NELP, 2008). Thus, fostering alphabet 
knowledge is essential to mitigate challenges related to emergent literacy and long-term academic 
achievement (Heilmann et al., 2018; Piasta et al., 2022). 

Alphabet knowledge encompasses recognizing letter shapes, knowing their names, and 
understanding their corresponding sounds, all of which are crucial for children to grasp the 
alphabetic principle and learn to read (Allen et al., 2005; Drouin et al., 2012; Gehsmann & 
Mesmer, 2023). These components are interconnected; for instance, letter recognition skills 
predict letter name knowledge (Foulin, 2005), while letter name knowledge, in turn, predicts 
letter sound knowledge (Huang et al., 2014; Treiman et al., 2008). Given this progression, this 
study focuses on letter recognition and letter name knowledge as foundational skills that support 
the later development of letter sound knowledge and subsequent early literacy skills.

2.1.1. Letter recognition skills 
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Letter recognition can be explained using the template-matching model, which assumes 
that each letter is stored in memory as multiple shapes. Recognition occurs when the target 
item matches one of these stored shapes (Grainger et al., 2008; Larsen & Bundesen, 1996). 
When children encounter new letter forms that differ from those stored in their memory, a new 
template is learned and stored (Grainger et al., 2008). As children become more proficient at 
quickly recognizing letters, they start to group them together rather than identifying each letter 
individually (Carreker, 2011).

Distinguishing between letters during letter recognition can be challenging for children 
because many letters look similar at first glance (Mayarita et al., 2024). In alphabetic 
orthographies, uppercase and lowercase letters form a single dimension (Bowles et al., 2014). It 
is typically easier for children to learn uppercase letters compared to lowercase ones, as many 
lowercase letters share similar forms, such as b, p, d, and q (Adhe et al., 2024; Anthony et al., 
2021; Bowles et al., 2014).

Young children’s understanding of lowercase letters is largely based on their resemblance 
to uppercase versions (Piasta, 2023; Treiman & Kessler, 2004). Consequently, children are more 
likely to recognize lowercase letters that closely resemble their uppercase counterparts (Piasta, 
2023; Treiman & Kessler, 2004; Vinter et al., 2023). Thus, Piasta (2023) recommended teaching 
uppercase letters first or simultaneously alongside lowercase letters to improve letter recognition 
in young learners.

2.1.2. Letter name knowledge

Letter name knowledge is considered vital for reading development (De Abreu & Cardoso-
Martins, 1998; Evans et al., 2006; Foulin, 2005; Paige et al., 2018). Understanding the name of 
each letter enables children to uniquely label different letter shapes, leading to easier and more 
accurate recall of information (Allen et al., 2005). When children can name letters, they can more 
readily learn letter sounds and spellings without difficulties (Adams, 1994; Paige et al., 2018). 
Otaiba et al. (2010) demonstrated a moderate correlation (r = .54) between letter naming and 
preschool children’s spelling ability.

 Research indicates that having the knowledge of letter names can help children predict letter 
sounds, as a phonetic link often exists between the two. This connection offers clues to early 
readers, as certain letter sounds correspond to letter names (Huang et al., 2014; Piasta, 2023; 
Treiman et al., 2008). For instance, children may quickly associate the sound /vi/ with the letter 
name /v/ (Treiman et al., 2008). Nevertheless, Adams (1994) cautioned that without a solid grasp 
of letter names, children might be confused between letter names and their sounds.

 2.2. Digital Learning System for Letter Learning 

Digital learning systems foster interactive, self-paced, and personalized learning 
environments, which significantly improve reading outcomes (Blikstad & Davies, 2017; Liang 
et al., 2005), particularly for children with weaker reading skills (Elbaum et al., 2000). Research 
shows that integrating speech technologies in one-on-one digital English classrooms provides 
more opportunities for children to practice speaking than traditional group settings (Yang et 
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al., 2005). Furthermore, a survey conducted by Chang (2016) revealed that 70.7% of teachers 
believed that one-on-one digital learning enhances communication skills, including reading and 
writing abilities.

Several studies highlight the effectiveness of digital learning systems in enhancing early 
literacy skills. Van Daal and Reitsma (2000) found that preschoolers who engaged in up 
to sixteen hours of computer-based practice demonstrated comparable proficiency in letter 
knowledge and word reading to peers who received three months of traditional instruction. 
Similarly, Samur (2019) found that kindergarteners participating in a six-week digital game 
intervention outperformed those receiving standard classroom instruction. Notably, Chen et al. 
(2023) reported significant improvements in uppercase letter recognition among preschoolers 
using a letter-learning application on iPad. Cornito (2023) also concluded that digital learning 
positively impacted children’s alphabet knowledge. Building on these findings, both Elimelech 
and Aram (2019) and Metsala and Kalindi (2022) emphasized that web-based digital systems 
could effectively enhance preschoolers’ alphabet learning, further supporting the potential of 
technology-driven interventions in early literacy development.

Despite the supporting evidence, Patel et al. (2022) noted that the effectiveness of digital 
systems was more pronounced in children who already possessed some English literacy skills 
before the intervention. Liu et al. (2024) and Bautista et al. (2023) emphasized the need for future 
research to explore the impact of digital systems on teaching alphabet knowledge, as the existing 
literature on this topic was still limited.

2.3. Multisensory Learning

Children entering preschool possess a diverse range of skills. For instance, some of the 
students may already be able to decode words or know some letter-sound correspondences, 
while others have little or no knowledge of the alphabet (National Reading Panel [NRP], 2000). 
Incorporating multisensory instruction into lesson delivery can enhance students’ reading 
readiness (Amico, 2022; Joshi et al., 2002). 

According to Farrell and Sherman (2011), multisensory instructional strategies engage four 
key senses: seeing, saying, hearing, and writing. Murray et al. (2016) further supported this 
approach, suggesting that environmental stimuli interact to facilitate information encoding in 
a multisensory context, aiding both information processing and retrieval. Additionally, Zanatta 
and Rosales-Ruiz (2021) emphasized that training children to hear, see, say, and write could 
significantly enhance their learning. 

Presently, preschool teachers commonly employ multisensory learning approaches in 
physical activities, such as singing alphabet songs, reading nursery rhymes, and displaying 
pictures of letters (Amico, 2022).

 2.3.1. Multisensory learning system

Recently, digital systems designed for children have increasingly incorporated multisensory 
learning. Notable examples of such systems include the STTory system (Ponticorvo et al., 2019), 
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the Interactive Multi-Sensory Environments (iMSEs, Garzotto et al., 2020), and the See Word 
Reading program (O’Brien et al., 2022). 

The STTory system is a storytelling tool that engages children by allowing them to 
experience stories through multiple senses, including taste, smell, and touch (Ponticorvo et 
al., 2019). Additionally, it provides physical and digital materials for children to manipulate 
(Ponticorvo et al., 2019). 

An example of the Interactive Multi-Sensory Environments (iMSEs) is the Magic Room, 
where children can interact with various materials while their movements and gestures are 
detected by the Kinect device (Garzotto et al., 2020). Research involving primary school children 
has shown that these systems enhanced engagement in the learning process (Garzotto et al., 2020) 
and improve learning outcomes (Ponticorvo et al., 2019).

Previous studies have explored the potential of multisensory digital technology to improve 
learning outcomes for students with disabilities (Garzotto et al., 2020) and primary school 
students (Garzotto et al., 2020; Ponticorvo et al., 2019). However, there is limited knowledge 
regarding the effectiveness of these digital systems in enhancing early literacy learning among 
preschoolers. Nonetheless, recent research by O’Brien et al. (2022) highlighted that incorporating 
multisensory learning within a digital system can significantly improve the early literacy skills 
of preschool children, as demonstrated by the success of the See Word Reading program. This 
finding suggests that multisensory digital technology can be a valuable tool for supporting early 
literacy development in preschool-aged children.

 3. Method 

3.1. Research Design

The study used a pretest-posttest control group design within a positivist paradigm. The 
pretest-posttest design was used to determine how a change in the environment (such as an 
intervention) impact performance over time (Bordens & Abbott, 2014). However, relying solely 
on a pretest-posttest approach could potentially compromised the internal validity (Bordens & 
Abbott, 2014). To enhance the internal validity of the study, a control group was included (Bordens 
& Abbott, 2014). 

3.2. Participants

The participants in this pilot study comprised 18 children from a government preschool in 
Kuching, Sarawak. Initially, 20 children were recruited for this study. Two children dropped 
out for different reasons: one due to personal health issues and the other for withdrawal from 
the intervention. The mean age of the remaining participants at the pre-test was 5.37 years (SD 
= .55), with 50% being male. The preschoolers attended half-day classes, participating in daily 
30-minute sessions of the Smarter Phonics Program and 60-minute weekly sessions of the 
Common European Framework of References (CEFR) lessons focused on learning English. The 
Smarter Phonics Program emphasizes letter recognition through phonics by encoding, decoding, 
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and blending individual sounds to form words (Liu et al., 2021). In contrast, the CEFR lessons 
focus on listening, reading, speech interaction, speech production, and writing skills (Ishak & 
Mohamad, 2018). 

The inclusion criteria for this study required that parents provide informed consent for their 
children, and that teachers refer to children identified as at risk for early literacy challenges. 
The exclusion criteria included children with severe developmental disabilities such as classic 
autism and Down syndrome, as well as those with visual or hearing impairments and non-verbal 
children. Using a pretest-posttest control group design, the study employed a matched sampling 
method (Creswell & Creswell, 2018), with participants selected based on teacher referrals to 
ensure that each pair had similar baseline characteristics.

3.3. Research Instrument

READi is a multisensory web-based early literacy intervention system developed by Lee et 
al. (2023) that engages multiple senses to deliver instructional materials. It is accessible through 
standard web browsers and consists of three modules: Module 1 focuses on alphabet knowledge, 
Module 2 emphasizes on word adventure, and Module 3 centers on stories. In the present study, 
Module 1 was delivered to provide interventions to enhance children’s alphabet knowledge. The 
intervention was implemented up to letter H due to time constraints. Important to note is that 
this pilot study used READi version 1.0, which has since undergone numerous improvements 
based on the findings of this study, as well as system and user testing, and ongoing feedback from 
school staff.

3.4. Measures 

3.4.1. Letter name knowledge

The ability of children to name letters of the alphabet was assessed using the Letter Name 
Knowledge test from the Early Literacy Test Administrator Kit developed by Lee et al. (2020). 
The test came in the uppercase and lowercase format, with each format comprising 26 letters that 
were presented randomly. Each child was instructed to name the letters presented to them, with 
each correct response counted as one point. The same tests were administered for the pretest and 
the posttest. Scores ranged between 0 and 26.

3.4.2. Letter recognition

The ability of children to recognize uppercase and lowercase letters of the alphabet was 
also assessed using the Letter Name Knowledge assessment (Lee et al., 2020). Children had to 
identify and point out the correct letters from a verbally presented list of random alphabet letters. 
The number of letters correctly recognized was recorded, with each correct identification earning 
one point. Scores ranged from 0 to 26.

3.5. Procedures of Data Collection

During the screening process, preschool teachers were asked to identify children from their 
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classes who could participate in this study. The children were screened, and those who met the 
inclusion criteria were selected to participate (see 3.1 participants). All assessments and the 
intervention were conducted in the school’s computer lab. 

A pretest was administered to evaluate the participants’ letter recognition skills and letter 
name knowledge. The results indicated that the children demonstrated lower proficiency in 
identifying and naming lowercase letters than uppercase letters. Participants with similar baseline 
performance based on the average pre-test scores comprising lowercase letter recognition and 
letter name knowledge were paired and randomly assigned to either the experimental or control 
groups. 

The control group received a traditional business-as-usual learning approach, which included 
the school’s Smarter Phonics Program and CEFR lessons. In contrast, the experimental group 
engaged in daily interventions using the READi program and the traditional business-as-usual 
learning approach. The intervention lasted two weeks, with sessions being held from Monday to 
Friday, each lasting approximately 60 minutes. 

After the intervention, a posttest was administered to all participants. Figures 2 and 3 
illustrate the data collection procedures, while Figure 4 features a child participating in the 
intervention in the school’s computer lab.

Figure 2

Data Collection Procedures for the Control Group

 

Figure 3

Data Collection Procedures for the Experimental Group
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Figure 4

A Child Using the READi Version 1 Web-Based Reading Intervention System

3.6. Data Analysis

Data analysis was conducted using SPSS version 21, which enabled the calculation of 
descriptive, correlational, and inferential statistics. Descriptive statistics and correlational analysis 
were employed to provide an overview and to examine the relationships between the identified 
variables. Non-parametric tests were used to address research questions due to the small sample 
size of the present study (n = 18) (Pallant, 2020). Specifically, the Wilcoxon Signed Rank test 
was utilized to compare the pretest and posttest results of the experimental group. In contrast, 
the Mann-Whitney U test was used to compare the mean scores between the experimental and 
control groups.

4. Results

4.1. Descriptive Statistics and Correlation Analysis

 Descriptive statistics for experimental and control groups are presented in Table 1. During 
the pretest phase, the experimental group exhibited lower average scores in uppercase letter name 
knowledge and uppercase letter recognition than the control group. Conversely, the experimental 
group outperformed the control group in lowercase letter name knowledge and lowercase letter 
recognition. Notably, the standard deviations of the experimental group were generally larger 
than those of the control group during the pretest, except for uppercase letter recognition. After 
the intervention, the experimental group exhibited higher average scores than the control group 
across all measures in the posttest phase. The standard deviations for the experimental group 
remained larger than those of the control group during the posttest.

Table 1

Means, Standard Deviations (SD), and Ranges

Test

Pretest Posttest
EG (n = 8) CG (n = 10) EG (n = 8) CG (n = 10)

M (SD) Range M (SD) Range M (SD) Range M (SD) Range
Uppercase LNK 4.00 

(3.207)
0 - 8 4.70 

(2.751)
0 - 8 5.63 

(3.114)
0 - 8 4.60 

(2.875)
0 - 8
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Lowercase LNK 4.00 
(2.928)

0 - 8 2.90 
(2.514)

0 - 7 3.88 
(3.044)

0 - 8 3.50 
(2.877)

0 - 7

Uppercase LR 3.63 
(2.560)

0 - 7 3.80 
(2.616)

0 - 8 4.38 
(3.335)

0 - 8 4.20 
(2.573)

0 - 8

Lowercase LR 3.125 
(2.588)

1 - 8 2.90 
(2.234)

0 - 6 3.25 
(2.816)

0 - 8 2.90 
(2.331)

0 - 6

Note. EG = Experimental Group; CG = Control Group, LNK = Letter Name Knowledge, LR = 
Letter Recognition

Tables 2 and 3 present the Pearson correlations for pretest and posttest measures of uppercase 
letter name knowledge, lowercase letter name knowledge, uppercase letter recognition, and 
lowercase letter recognition for children in experimental and control groups. Although the 
primary focus of the research is on comparing the experimental and control groups, as well as 
pretest and posttest outcomes, these correlation tables are included to provide valuable insights 
into the relationships between key variables, offering a more in-depth and comprehensive 
understanding of the dataset. 

Table 2

Correlation of the Measures of the Experimental Group

Pretest Posttest
Uppercase-
LNK

Lowercase-
LNK

Uppercase-
LR

Lowercase-
LR

Uppercase-
LNK

Lowercase-
LNK

Uppercase-
LR

Lowercase-
LR

P r e t e s t -
Uppercase-
LNK

r 1.000
p -

P r e t e s t -
Lowercase-
LNK

r .879** 1.000
p .001 -

P r e t e s t -
Uppercase-
LR

r .937** .736* 1.000
p .000 .015 -

P r e t e s t -
Lowercase-
LR

r .838** .878** .737* 1.000
p .002 .001 .015 -

P o s t t e s t -
Uppercase-
LNK

r .849** .901** .775** .742* 1.000
p .002 .000 .008 .014 -

P o s t t e s t -
Lowercase-
LNK

r .765** .924** .607 .732* .908** 1.000
p .010 .000 .063 .016 .000 -

Posttest-
Uppercase-
LR

r .837** .906** .767** .746* .997** .911** 1.000
p .003 .000 .010 .013 .000 .000 -

P o s t t e s t -
Lowercase-
LR

r .652* .849** .545 .554 .864** .944** .879** 1.000
p .041 .002 .103 .096 .001 .000 .001 -

 Note. LNK = Letter Name Knowledge, LR = Letter Recognition
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Table 3

Correlation of the Measures of the Control Group

Pretest Posttest
Uppercase-
LNK

Lowercase-
LNK

Uppercase-
LR

Lowercase-
LR

Uppercase-
LNK

Lowercase-
LNK

Uppercase-
LR

Lowercase-
LR

Pretest-
Uppercase-
LNK

r 1.000
p -

Pretest-
Lowercase-
LNK

r .944** 1.000
p .000 -

Pretest-
Uppercase-
LR

r .722* .634 1.000
p .043 .091 -

Pretest-
Lowercase-
LR

r .758* .886** .647 1.000
p .029 .003 .083 -

Posttest-
Uppercase-
LNK

r .821* .817* .872** .715* 1.000
p .013 .013 .005 .046 -

Posttest-
Lowercase-
LNK

r .879** .943** .685 .889** .790* 1.000
p .004 .000 .061 .003 .020 -

Posttest-
Uppercase-
LR

r .913** .916** .652 .764* .867** .793* 1.000
p .002 .001 .080 .027 .005 .019 -

Posttest-
Lowercase-
LR

r .819* .878** .509 .851** .639 .829* .836** 1.000
p .013 .004 .198 .007 .088 .011 .010 -

Note. LNK = Letter Name Knowledge, LR = Letter Recognition

 The pretest correlations represent baseline relationships among variables, such as the 
association between uppercase letter name knowledge and recognition. In contrast, the posttest 
correlations highlight how these relationships shifted after the intervention. The experimental 
group showed consistent growth in correlations from the pretest to the posttest. For example, the 
correlation between uppercase and lowercase letter name knowledge increased from r = 0.879 
to r = 0.908, and the correlation between uppercase letter name knowledge and lowercase letter 
recognition rose from r = 0.838 to r = 0.864.

In contrast, the control group showed inconsistent patterns, with some measures regressing. 
The correlation between uppercase and lowercase letter name knowledge dropped from r = 0.944 
to r = 0.790 and between lowercase letter name knowledge and recognition from r = 0.886 to r = 
0.829.

4.2. How Does the Web-Based Early Literacy Intervention Affect Children’s Uppercase and 
Lowercase Letter Recognition and Naming Skills?

The results of the Wilcoxon Signed-Rank test for children in the experimental group are 
presented in Table 4. After the intervention, a significant improvement was observed in uppercase 
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letter name knowledge (p = .026) among the children in the experimental group. However, there 
were no significant differences found in lowercase letter name knowledge (p = .655), uppercase 
letter recognition (p = .194), and lowercase letter recognition (p = .748) for the same group. 

Table 4

Wilcoxon Signed-Rank Results

Test
Pretest/ Posttest

Z p
Uppercase LNK -2.226 .026
Lowercase LNK -.447 .655
Uppercase LR -1.300 .194
Lowercase LR -.322 .748

 Note. LNK = Letter Name Knowledge, LR = Letter Recognition

 4.3. In What Ways Does the Recognition and Naming of Uppercase and Lowercase Letters 
Differ Between Children Who Received the Intervention and Those Who Did Not?

The results of the Mann-Whitney U test for the pretest and posttest scores of children in the 
experimental (n1 = 8) and control groups (n2 = 10) are presented in Table 5. The pretest findings 
indicated no significant difference (p > .05) in letter name knowledge and letter recognition skills 
between the two groups, demonstrating that both groups started at similar baseline levels. In 
the posttest, there were no significant differences between the experimental and control groups 
in uppercase letter name knowledge (p = .313), lowercase letter name knowledge (p = .787), 
uppercase letter recognition skills (p = .720), and lowercase letter recognition skills (p = .964). 

Table 5

Mann-Whitney U Results of Experimental and Control Groups

 Test
Pretest Posttest
U z p U z p

Uppercase LNK 34.500 -.493 .622 29.000 -1.009 .313
Lowercase LNK 31.000 -.806 .420 37.000 -.270 .787
Uppercase LR 38.500 -.135 .892 36.000 -.358 .720
Lowercase LR 38.000 -.182 .856 39.500 -.045 .964

 Note. LNK = Letter Name Knowledge, LR = Letter Recognition

5. Discussion

The primary goal of this study was to assess the effectiveness of a multisensory web-based 
early literacy intervention designed to teach alphabet knowledge. The intervention focused on 
letter recognition and letter name knowledge among preschoolers who are non-native English 
speakers. The study analyzed children’s performance in these areas before and after they receive 
either the intervention or traditional classroom instruction.
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5.1. Key Findings

This study underscores the potential of the READi system to enhance children’s ability to 
recognize uppercase letters more effectively than lowercase letters within just two weeks of 
intervention. 

Although the pretest and posttest results for the experimental group did not demonstrate 
statistically significant differences in either uppercase or lowercase letter recognition, a closer 
analysis of the mean values revealed modest improvements in both outcome measures for the 
experimental group. Specifically, uppercase letter recognition increased from 3.63 to 4.38 and 
lowercase letter recognition improved slightly from 3.13 to 3.25. Significant improvement 
was observed only in the experimental group’s ability to name uppercase letters. However, no 
notable differences were found in the letter naming and recognition abilities of children who 
received the intervention and those who did not. These results suggest that after using the READi 
system, children’s ability to recognize uppercase letters improved more than their recognition of 
lowercase letters. This aligns with the findings of Chen et al. (2023), which suggested that digital 
systems may support more effective learning of uppercase letter recognition in children. One 
possible explanation, supported by previous research, is that uppercase letters are generally easier 
for children to identify due to their more straightforward and distinct shapes (Adhe et al., 2024; 
Bowles et al., 2014).

In addition to letter recognition, this study identified a significant improvement in children’s 
ability to name uppercase letters following a two-week intervention. The uppercase letter name 
knowledge increased from 4 to 5.63. In contrast, no comparable improvement was evident in 
naming lowercase letters. This observation was consistent with findings from Drouin et al. (2012), 
which suggested that children generally found uppercase letters easier to learn than lowercase 
letters. The weaker recognition skills associated with lowercase letters may hinder children’s 
letter naming ability, as letter recognition usually precedes letter naming (Foulin, 2005). 
Consequently, preschool children often master uppercase letters before becoming proficient in 
lowercase letters, a trend supported by previous research (Adhe et al., 2024; Anthony et al., 2021; 
Bowles et al., 2014).

Furthermore, the findings indicated a general improvement in letter recognition skills and 
letter name knowledge in both the experimental and control groups. While the experimental 
group outperformed the control group in the mean scores for all tested constructs at posttest, 
these differences did not reach statistical significance. Nevertheless, these improved outcomes 
are consistent with previous research suggesting that web-based digital systems can support 
preschool children enhance their alphabet learning (Elimelech & Aram, 2019; Metsala & Kalindi, 
2022). 

Additionally, engaging multiple senses using the READi system may have contributed 
to more effective learning. This is consistent with findings from Elimelech and Aram (2019), 
who reported that auditory and visual support significantly enhanced children’s acquisition 
of alphabetic knowledge compared to learning without such support. Similarly, the results of 
the current study align with those of O’Brien et al. (2022), who found that digital systems that 
incorporate a multisensory framework could improve children’s learning outcomes. 
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However, this study’s lack of statistical significance in lowercase letters may be attributed 
to limited exposure and repetition in learning the alphabet. As children were introduced to each 
letter only once, they may not have had sufficient opportunities to reinforce their understanding. 
Vinter et al. (2023) emphasized that mastering letter names, shapes, and sound associations 
required repeated practice. This suggests that increasing the frequency of practice could lead to 
better learning outcomes.

5.2. Limitations and Future Research

This pilot study has several limitations. Firstly, the small sample size of preschool children 
presents challenges for conducting an experimental study with adequate experimental and control 
group participants. Specifically, the number of participants falls short of the optimal requirement 
for a larger sample size (e.g., 30 participants per group). Non-parametric tests tend to be more 
reliable with larger sample sizes, as they better represent the population and increase the power 
to detect significant differences. Therefore, future research should aim to include a larger sample 
size to effectively evaluate the impact of the READi system on early literacy skills among 
preschoolers. 

Another limitation is the restricted number of exposures provided to participants. Each 
participant was only introduced to each letter of alphabet once, and the intervention lasted only 10 
days, consisting of 10 sessions, each 60 minutes long. Due to time constraints, providing multiple 
exposures was not feasible. Future studies should investigate the effects of varying intervention 
intensity and the number of exposures per letter.

 Rrecognizing the specific limitations of the web-based system used in this study is 
important. Some preschoolers reported experiencing discomfort due to heavy headphones, 
which may have impacted their engagement. The researchers also observed that the computer 
lab setup at the school, including the chair and table, was not ergonomic for preschoolers, which 
could affect their concentration. Future research must actively partner with funders and schools 
to ensure preschoolers’ accessibility to comfortable seating arrangements, optimized desktops, 
and specialized equipment designed to meet their needs. Given preschoolers’ familiarity with 
touchscreen devices, future studies could collaborate with schools to equip computer labs with 
tablets and explore using tablets as an alternative to enhance user experience and engagement.

 Another limitation of this pilot study is the restricted number of letters tested, primarily due 
to time constraints. This narrow scope may impact the generalizability of the findings. To address 
this limitation, future research should include all 26 letters of the alphabet in the intervention. 
Doing so will provide a more comprehensive understanding of the READi system’s effectiveness 
and its impact on early literacy skills among preschoolers.

 Moreover, the assessment format for letter recognition utilized in this pilot study also has 
limitations. Future research should consider conducting experimental studies on children’s 
recognition proficiency with different numbers of letters presented simultaneously, such as 
comparing recognition with a set of letters versus all 26 letters. This would provide a more 
accurate measurement and contribute to the extant literature. 

Finally, the duration of the pretest and posttest sessions in the pilot study may have surpassed 
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the preschoolers’ optimal attention span. To enhance reliability, future studies should extend the 
duration of these test administration sessions or split the pretests into multiple shorter sessions. 
This approach would better accommodate the limited attention spans of young children, allowing 
for enhanced focus and more valid results.

5.3. Implications for practice

Despite the limitations, this pilot study underscores the importance of integrating digital 
technologies, such as the READi system, to improve preschool children’s understanding of the 
alphabet. Educators can leverage these tools as practical supplementary resources to enhance 
children’s mastery of alphabet knowledge. The findings highlight the need for careful selection 
of assessment tools and consideration of children’s comfort, as these factors are critical for 
accurately measuring the system’s effectiveness. 

In the context of Malaysian preschool education, where a single teacher often supervises 
up to twenty-five children (MOE, 2018), this study has policy implications for digitalizing 
early literacy education. Additionally, this pilot study emphasizes the necessity of preparing 
preschoolers for school readiness by incorporating digital technologies and providing teachers 
with the resources to foster early literacy skills. By establishing a strong foundation in early 
literacy, policymakers can help ensure that school readiness becomes a practical reality for 
children.

5.4. Conclusion

This study suggests that the READi system effectively facilitates uppercase letter naming 
among children in the experimental group. While some progress in recognizing both uppercase 
and lowercase letters was observed, these improvements did not reach statistical significance. 
Nonetheless, the experimental group generally outperformed the control group, highlighting the 
potential benefits of digital interventions in early literacy development. 

This study contributes valuable insights to the existing literature on integrating technology 
into preschool education, demonstrating its potential to enhance instructional efficiency and 
support individualized learning. Furthermore, the findings emphasize the importance of 
collaboration between educational interventionists (represented by the second author) and system 
developers. Such partnerships are crucial for designing digital learning tools that address the 
needs of young learners, allowing them to progress at their own pace and achieve mastery in 
early literacy skills.

Several areas for future research should be explored to strengthen the effectiveness of 
digital learning interventions. First, expanding the sample size and extending the intervention 
duration would provide a more comprehensive evaluation of the impact of the READi system. 
Additionally, increasing the frequency of letter exposure and adjusting the intensity of the 
intervention could further enhance letter recognition and memory retention. Future studies should 
also address participant-related factors, such as the usability and accessibility of digital tools. This 
includes considering ergonomic setups and exploring touchscreen devices to enhance preschooler 
engagement.
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One recommendation regarding the study’s context for future consideration is that schools 
and policymakers prioritize technology readiness by ensuring preschoolers have access 
to developmentally appropriate digital tools, such as tablets and child-friendly keyboards. 
Inappropriate or inadequate technology setups may inhibit learning effectiveness, underscoring 
the importance of thoughtful integration of digital systems into early education environments. 
By addressing these aspects, future research and policy initiatives can contribute to the continued 
refinement of digital learning tools, maximizing their positive impact on early childhood 
education. Additionally, all preschool participants are recommended to be given introductory 
lessons on digital literacy to ensure appropriate digital engagement, safe usage, and balanced 
screen time. Highly recommended is to offer  parents and caregivers with guidelines and skills in 
providing active guidance and mediation should READi be used in the home in the future. 
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