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ABSTRACT

Considerable academic literature exists today that describes children’s limitations, including difficulties
learning their native language and difficulties with literacy. This situation is no different from that of
children in the archipelago in their attempts to strengthen their knowledge of Jawi script in both writing
and reading. This research is the first to apply the Design and Development Research (DDR) approach
to evaluate the effectiveness of the Smartjawi App in improving preschool children’s literacy. This study
primarily focuses on Phases 2 and 3. For Phase 1, which required analysis, the results were thoroughly
documented in a literature review. For Phase 2, the SmartJawi App was designed and received validation
from three experts in the field, who provided the application with an Item-Level Content Validity Index
(I-CVI) score of 1.0, an unqualified endorsement of the design and functionality of the application. For
Phase 3, a quasi-experimental study was performed involving two educators and 18 children from two
different preschools. Participants were divided into two groups, namely the control group (n = 9) and the
experimental group (n = 9). The t-test results exhibited that using the SmartJawi App led to a significant
improvement in reading (t(8) = -11.96, p = 0.001) and writing (t(8) = -9.46, p = 0.001) skills among
participants in the experimental group. A Multivariate Analysis of Covariance (MANCOVA), with pre-test
scores as the covariates, then revealed a statistically significant multivariate effect on combined dependent
variables (F(2,15) = 102.34, p <.001; Pillai, Trace = .923, Partial eta = .931). The results support the
hypothesis that the SmartJawi App has a significant positive effect on children’s literacy achievement
compared to the control group. Thus, the Ministry of Education worldwide is encouraged to include
digital learning in teaching preschool children to improve language, literacy, and digital education in the
country, considering it part of 21st-century learning.

Keywords: Design and development research, educational technology, preschool literacy, reading skills,
writing skills.
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INTRODUCTION

Jawi script has played an important role in the history of Malay civilization, particularly in the Malay Archipelago,
which includes Malaysia, Indonesia, Brunei, and Southern Thailand (Harun, 2006; Mansor, 2012; Omar,
1992). Its active use began in the 14th century following the advent of Islam and the abandonment of the
Palava and Kawi scripts. In addition to serving as the principal means of transmitting Islamic knowledge
through print and correspondence, Jawi script was also employed in administration, commerce, and literature.
The manuscripts Hikayat Hang Tuah (Ahmad Sarji, 1961) and Tuhfat al-Nafi (Matheson & Andaya, 1982)
attest to Jawi’s mastery as a tool for culture and manuscript preservation. The legacy of Jawi continues to receive
conservation and restorative educational efforts to encourage appreciation and understanding among coming
generations, despite a decline in use attributed to the dominance of Roman script (Abdullah, 2025).

Despite its historical origins, the Jawi script is still incorporated in the Malaysian education system (Ministry
of Education Malaysia, 2019) as early as preschool education. This approach aims to nurture attachment to
and love for Islamic heritage and Jawi-based Malay culture in preschools (Mohd Amin & Abdul Rahman,
2019). Some educational institutions, particularly those with an Islamic Malay education framework,
progressively and interactively introduce Jawi script through singing, card-letter games, and writing (Ghazali
et al., 2025a). Such an approach gives children an introduction to the writing system as they learn to
recognize basic Malay and elementary Arabic devotional verses (Nahar & Safar, 2016). These activities
underscore the role of Jawi script in the Malay sultanate era and in present-day classrooms in forging early
identity and literacy, thereby incorporating Jawi script education into the history and values of the Malay
community (Baharom, 2020).

To advance the integration of Jawi writing in preschool education, technology (Chanthiran, 2022; Sum &
Oancea, 2022; Zhou et al., 2022) continues to provide innovative ways to teach interactively and effectively.
Children learn the shapes and sound of letters through visual and auditory techniques from a range of phonetic
digital language games (Wang, 2024; Ylinen et al., 2021), Jawi educational games (Ahmad et al., 2020; Rosly
& Zulkifli, 2025; Ismail, 2013), and interactive smart boards (Anandito Rohayu & Makmur, 2024; Hussein
et al., 2022), as well as letter recognition software (Mayer et al., 2020; Neumann, 2018). These innovations
do more than expand learning through varied instructional approaches. They also serve as bridges across gaps
posed by resource limitations in traditional teaching (Okeye et al., 2023; Yang et al., 2018). With the help of
technology, Jawi educators can deliver lessons in a more structured and engaging manner, while children can
advance their early literacy skills in a more modern and supportive environment (Ghazali et al., 2025b). Hence,
incorporating technology in Jawi teaching and learning processes is more than an advancement. It is necessary
to maintain an understanding and relevance of this heritage for a digital society.

LITERATURE REVIEW

Needs of Jawi Application in Early Childhood Education: The Perspective of Southeast
Asia

Across Southeast Asia, particularly in Malaysia (Rahman, 2015; Y2qub Al-Johori, 2021), Brunei (Brunei Historical
Society, 2023), southern Thailand (Yamasi, 2019), and Indonesia (Mohamed, 2001), Jawi script continues to
be recognized as part of cultural heritage as well as a marker of the Islamic-Malay identity. It is important to
ensure that Jawi education is passed down to younger generations to preserve the traditions, historical stories,
and religious spirit that have been embedded since the days of the sultanate (Ahmad et al., 2024). Early-learning
interventions that utilise modern technology and interactive pedagogical models cannot be ignored in a bid to
make the Jawi script an inseparable part of the past and the present, as a living and relevant textual medium in
modern-day classrooms. Brunei is often cited as an example of investment in integrating Jawi into the formal
educational continuum, supported by the availability of digital instructional resources (Rahman et al., 2022). On
the other hand, Malaysia has focused on scaling Jawi in preschool and primary education institutions (Nordin et
al., 2022). This local mosaic emphasizes that projects to preserve the Jawi script are intended to maintain cultural
identity and to strengthen early literacy skills as part and parcel of the local education agenda (Musa, 2006). A
study by Ahmad et al. (2024) and a Design-and-Development research (DDR) by Jaya and Zaharudin (2024)
and Padzil et al. (2021) argued that gamification interventions have the potential to increase the interest and
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literacy (Jawi literacy) proficiency of learners. The effectiveness of these game-based characteristics was measured
using the Fuzzy Delphi approach (Chang et al., 2011; Roldan Lopez de Hierro et al., 2021; Tahriri et al., 2014).
The above outcomes highlight the inefficiency of traditional pedagogical methods and support the potential of
gamification to enhance children’s interest and learning achievement in Jawi literacy.

Interestingly, Ghazali et al. (2025a) proposed that the Jawi learning application be designed as a technological
solution to address the needs of preschool learners in Islamic educational environments. The primary question,
using semi-structured interviews, demonstrated that educators and administrators were aware of the weaknesses of
traditional pedagogies. Those pedagogies did not adequately involve children in learning Jawi script and indicated
a mismatch between the curriculum’s requirements and their readiness to teach them (Ghazali et al., 25b). As a
result, the SmartJawi App was presented as an additional innovation in the field of Jawi literacy and as one of the
early technological devices embedded in preschool Islamic education (Ghazali et al., 2025¢) from the perspective
of Islamic Malaysian preschools. An analysis of needs, conducted through a formative study, then formed the
basic Research Questions (RQs) about the effectiveness of the application in the teaching of reading and writing
and its impact on the development of literary skills in children, with pre-test scores held constant. Overall, Jawi
apps can be viewed as an early childhood literacy reinforcement method to Southeast Asia, particularly within the
framework of Islamic-Malay identity (Mohid, 2018; Ahmad etal., 2024), and as a key tool to the intergenerational
continuity of Jawi literacy in Malaysia, Brunei, and Indonesia.

The Importance, Challenges, and Efforts in Increasing the Use of Technological Materials
in the Educational Context from a Global Perspective

Two studies by Akturk and Akman (2024) and Kulaksiz and Toran (2022) shed light on the dynamics of
technology use in early childhood education in Turkiye, but with different focuses. The first study clarifies that
children in the early childhood stage (3-6 years) are the largest consumers of technology for entertainment. This
is due to a lack of digital literacy within the parental cohort, leading to inconsistent mediation and increasing
the likelihood of excessive exposure without pedagogical effects. The second study, on the other hand, outlines
gaps in the training of preschool educators, in particular, the lack of technology integration in classroom teaching
methods. Taken together, both studies identify salient gaps: home technology use is mainly passive, whereas use in
educator training institutions has been underexplored. As a result, there is a need to create a more balanced digital
ecosystem to support families, educators, and early childhood educational contexts in Turkiye.

The other global perspectives also highlight issues relating to early childhood digital learning. A study conducted
in the UK by Kucirkova (2019) supported the use of digital books in improving children’s engagement. However,
it also identified that the quality of applications has many flaws that undermine early literacy pedagogy. In the
United States, Strouse and Ganea (2017) noted that technology is not necessarily a guarantee of pedagogical
effectiveness, as learning experiences remain poorly aligned with real-world activities. Meanwhile, a study
by Hatzigianni et al. (2023) in Australia identified issues in the system, including educators’ incompetence,
inadequate infrastructure, and inequality. All these studies have led to the same conclusion of vulnerabilities in the
preschool digital ecosystem, especially in design requirements, educator education, and curriculum. The suggested
solutions include developing evidence-based applications, active involvement of a parent and an educator in
digital mediation, policy advocacy, and lifelong learning. Overall, the digitisation of learning and teaching tools is
becoming an increasingly urgent issue in early education. Nevertheless, the effective implementation of these new
resources relies on a combination of high-quality technology, educator agency, and strong systemic provisions.

METHOD
Research Design

This study used a quantitative research design (Cohen et al., 2018) based on the Design and Development
Research (DDR) approach proposed by Richey and Klein (2007). DDR was chosen for its systematic,
iterative approach to designing and evaluating educational interventions. As illustrated in Table 1, this study
focused specifically on Phases 2 and 3 (Design and Development and Implementation and Evaluation),
respectively. At the same time, Phase 1 (Analysis and Exploration) was not reported in the findings section,
as the results were already described comprehensively in the literature review.
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Tablo 1. Ciriteria for Inclusion and Exclusion of Reported Findings

Phase Type of Data Analysis Data Findings Report
1: Needs Analysis Quialitative Yes No Applicable
2: Design and Development Quantitative Yes Yes
3: Evaluation Quantitative Yes Yes

Research Sampling

In this study, the main sample involvement was divided into two DDR phases and was selected purposively
(Etikan et al., 2021). In Phase 2, three experts evaluated the SmartJawi App prototype on content and
instructional design. In DDR and content validity studies, many researchers state that three to five experts
are sufficient to ensure valid and reliable assessments on any developed product (Lyn, 1986). This number is
considered sufficient to achieve basic consensus in the expert validation or expert judgment process, especially
when experts are carefully selected for their field expertise (Lynn, 1986). Next, in Phase 2, the test involved
two educators and eighteen children. Group 0 (control) from Preschool A and Group 1 (experimental) from
Kindergarten B were represented by one educator with nine children in charge, respectively. In early childhood
education, the 6- to 12-year-old cohort is often considered suitable for exploratory or pilot studies evaluating
the effectiveness of teaching methods (Herzog, 2008). The participants were chosen from existing classroom
groupings at the school and from the willingness of both educators and children to take part in the investigation.
The respective educator had to supervise each group to ensure uniform and consistent implementation of the
intervention, thus reducing the potential bias introduced by different instructional approaches. The usability,
understanding, and effectiveness of the application in Jawi learning were evaluated using data provided by
educators and children. Due to the school’s ethical and administrative limitations, this research used one existing
class to implement the intervention. The class was selected as it was believed to represent the study population,
given the children’s homogeneity in developmental level and learning environment (He et al., 2022).

Research Instruments
Expert Validation Form

Table 2 presents the construction of the items and the number of items in the SmartJawi App Design
and Development Evaluation Questionnaire Instrument (SJADDEQ) used in Phase2 of the study. This
table indicates all the constructs considered by the expert panel, such as the features of interface design,
content appropriateness, usability, user engagement, technical functionality, pedagogical appropriateness,
and educational potential, and the number of items that could cover every measure discussed in this table to
ensure a comprehensive and systematic review of the developed application.

Table 2. Constructs and Items in SJADDEQ

No. Construct Items
1. Interface Design 2
2. Content Suitability 2
3. Usability 2
4, User Engagement 2
5. Technical Function 2
6. Pedagogical Suitability 2
7. Educational Potential 2
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Before SJADDEQ was used in the study, the instrument underwent expert validation to ensure content
accuracy and language suitability. Two experts (assistant professors from different institutions) assessed each
item in the instrument, and the level of agreement between them was indicated by a Cohen’s Kappa coefhicient
(k = 1.0), indicating full agreement on the content and statement of the items formed. This value reflects a
very high level of reliability in assessing face and language validity before the instrument was used in pre- and
post-intervention tests. The experts were given an evaluation form and the SmartJawi App, which had been
developed (refer to Figure 1). This interactive learning application is designed to support children’s mastery
of Jawi writing and reading. This application was used as an intervention material in an eight-weck teaching
session, with a frequency of one hour per week, starting from the early of April to the end of June 2025.
Throughout this intervention period, the application was used in a structured way to help children recognize
letters, write words, and read basic texts in Jawi script, using a fun, user-friendly approach. This continuous use
allows for an assessment of the application’s effectiveness in terms of understanding, usability, and its impact
on children’s Jawi literacy skills.
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Figure 1. Smartfawi App That Has Been Used in the Research

Pre-Post Tests Instrument

Since the objective of the study was to determine the level of early Jawi literacy in the two groups of
children, the Early Jawi Literacy Assessment Instrument (EJLAI) was used as both a pre- and post-test.
This instrument was developed by two main constructs, namely Reading Skills and Writing Skills, with 10
items each that are based on the basic Jawi learning needs. EJLAI also has excellent psychometric integrity,
ensured through an elaborate validation procedure involving two expert subject-matter reviewers (assistant
professors at different universities), as suggested by Rubio et al. (2003). The experts established the face
and content validity of this instrument with an ideal Cohen’s Kappa coeflicient (k = 1.0), indicating
perfect inter-rater agreement. After validation, EJLAI was conducted on the intervention measures in the
SmartJawi App, which were pre-tested, and after eight weeks of intervention, to determine the efficacy of
the intervention in improving Jawi literacy.
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Data Analysis

To answer Research Question 1 (RQ1), it is important to analyze the content validity of the developed
learning application. The SJADDEQ instrument was assessed using the Content Validity Index (CVI)
method. This approach was conducted using Microsoft Excel software, with two levels of calculation:
Item-level CVI (I-CVI) and Scale-level CVI (S-CVI). I-CVI refers to the degree of consensus among
experts for each item, and S-CVI refers to the overall scale’s correctness, as I-CVI averages across items. A
high CVI-value demonstrates expert consensus on the suitability of the content and language of the items
constituting it, which are clear and substantiate the suitability of the instrument in the present research.
Besides, the second tool was the EJLAI, which was analysed using a t-test to determine differences
between pre- and post-intervention scores for the children. Only group test scores on the experimental
condition were calculated, since the aim of this analysis was to measure intra-group change after the
intervention. On the other hand, a Multivariate Analysis of Covariance (MANCOVA) was performed to
assess the intervention’s effect on the composite of writing and reading skills, using both the control and
experimental cohort scores, with pre-test scores as the covariate. Such methodological bifurcation ensured
that the statistical operations were consistent with the corresponding RQs and provided a clear evaluation
of the SmartJawi App’s effectiveness.

RESULTS
RQ1: How is the SmartJawi App Developed and Formed?

Three subject matter experts from various higher education institutions were appointed to evaluate the
developed application. All experts have Ph.D.-level academic qualifications in educational psychology and
early childhood education, and more than five years of teaching experience in related fields. Table 3 details the
six-point Likert scale used to measure the level of agreement of the experts with each item in the validation
instrument. This scale ranges from 1 (Strongly Disagree) to 6 (Strongly Agree), with abbreviations such as
Strongly Disagree, Disagree, Somewhat Disagree, Somewhat Agree, Agree, and Strongly Agree representing
each level of agreement.

Table 3. Agreement Scale Likert

Agreement Scale Abbreviation
Strongly Disagree 1 SD
Disagree 2 D
Somewhat Disagree 3 SMD
Somewhat Agree 4 SMA
Agree 5 A
Strongly Agree 6 SA
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Table 4. Construct, Item, and Expert Agreement

No. Construct: ltem

Expert Agreement

Expert 1 Expert 2 Expert 3

Construct 1: Interface Design

1. Easy to understand A SA SA

2. Attractive icons SMA SA A
Construct 2: Content Suitability

3. Appropriate for age A SA SA

4.  Help children understand the topic A SA SA
Construct 3: Usability

5. Easy to control A SA A

6. Smooth Navigation A SA SA
Construct 4: User Engagement

7. Maintain interest SMA SA SA

8. Encourage engagement A SA SA
Construct 5: Technical Function

9. Nointerference A SA A
10. Good touch response A SA A
Construct 6: Pedagogical Suitability

11.  Inline with the principles of early childhood education A SA SA
12.  Supporting the development of early Jawi literacy A SA SA
Construct 7: Educational Potential

13. It can be used as a teaching aid in preschool A A SA
14. It can be used in self-study sessions or with educators A A SA

Table 4 summarizes the expert responses across seven constructs: interface design, content design, usability,
user engagement, technical functionality, pedagogical relevance, and educational potential. Each construct
contains specific items, rated by three experts. The results demonstrated that most items received ratings of
“Agree” or “Strongly Agree,” indicating strong expert consensus on the design, usability, and pedagogical
relevance of the SmartJawi App. On the other hand, Table 5 categorizes the frequency of expert responses
based on a six-point scale. This categorization demonstrates that the majority of items fall into the A, S4, and

SMA categories, indicating an overall favorable expert assessment of the application.

Table 5. Agreement, Scale, and Category

Agreement Category
SD 0
D 2 0
SMD 3 0
SMA 4 1
A 5 1
SA 6 1

Table 6 presents the Item-Level Content Validity Index (I-CVI) and Scale-Level Content Validity Index
(S§-CVI) values for all 14 items assessed. All items achieved an I-CVI value of 1.00, indicating perfect
agreement among experts that each item was relevant. The S-CVI, also valued at 1.00, indicates excellent
overall content validity for the instrument.



Table 6. I-CVI and S-CVI

Item Expert 1 Expert 2 Expert 3 I-CVI Category S-CVI
1 5 6 6 1 Relevant 1
2 4 6 5 1 Relevant 1
3 5 6 6 1 Relevant 1
4 5 6 6 1 Relevant 1
5 5 6 5 1 Relevant 1
6 5 6 6 1 Relevant 1
7 4 6 6 1 Relevant 1
8 5 6 6 1 Relevant 1
9 5 6 5 1 Relevant 1
10 5 6 5 1 Relevant 1
11 5 6 6 1 Relevant 1
12 5 6 6 1 Relevant 1
13 5 5 6 1 Relevant 1
14 5 5 6 1 Relevant 1

The level of expert agreement beyond chance is reported in Table 7 using the Modified Kappa Coeflicient
(K). The findings reveal a K value of 1.00, indicating absolute agreement that the Smartjawi App prototype
and its assessment tool are highly valid and accepted by professionals.

Table 7. Modified Kappa Coefficient (K) Obtained Based on Content Validity Indexing

Sum of I-CVI 14 Sum of S-CVI 14
Total I-CVI/Average: 1 Sum of |-CVI: 1
(Total I-CVI/Total Items (Sum of I-CVI/Total of Items)
Category Accepted Accepted

RQ2: Is the SmartJawi App Effective for Children’s Reading Skills?

The results of the reading skills test, before and after, are presented in Table 8. The results of all participants
were better in the post-test than in the pre-test, with a difference of 17 to 35 points. This upward trend
indicates that the intervention had a positive effect on participants’ reading skills. The findings indicated
steady improvement across all children, suggesting that the application served as a useful tool to enhance
reading comprehension and performance.

Table 8. Scores for Reading Skills

Participant No. Pre Post Difference
1 24 59 35
2 37 59 22
3 40 60 20
4 31 50 19
5 31 60 29
6 36 54 18
7 43 60 17
8 27 51 24
9 22 47 25
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Table 9. depicts the results of the normality test for the reading skills. The Kolmogorov-Smirnov and Shapiro-
Wilk tests returned p-values greater than 0.05 (p = .200 and p = .326, respectively). The result reflects that
the score differences are normally distributed. Consequently, the data do not violate the assumptions of a
paired-samples t-test for assessing the application’s effectiveness in enhancing reading skills.

Table 9. Normality Test <Reading Skills>

Tests of Normality

Kolmogorov-Smirnova Shapiro-Wilk
Statistic df Sig. Statistic df Sig.
Mark Difference .158 9 .200* 911 9 326

* This is a lower bound of the true significance.

a. Lilliefors Significance Correction

The difference in reading scores is displayed in Figure 2. The histogram reveals that the distribution is
approximately normal, with most scores around the mean and low skewness. The data on reading skill
judgments lack extreme outliers, suggesting they are normally distributed and can be further assessed using

parametric tests.
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Figure 2. Distribution of Score Data According to Histogram <Reading Skills>

A Q-Q plot of data on reading skills is presented in Figure 3. The points plotted are mostly parallel to the
diagonal line, which reaffirms that the data distribution is not far from normality. This validates the accuracy
of the following t-test in establishing significant differences in reading performance.
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Expected Normal
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15 20 25 30 a5 40
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Figure 3. Q—Q Plot for Data Normality Test <Reading Skills>

Figure 4 demonstrates the pre-test and post-test design for the single-group measurement of reading skills,
applied before and after the intervention. This is graphically reflected in the research process, where the same
respondents were subjected to both tests, and the improvement in their performance resulting from using
learning apps could be compared directly.

30

25

20

15

Score Difference

Figure 4. Single-Group Pre- and Post-Test Study Design <Reading Skills>
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Table 10 presents the results of a paired t-test on reading skills, which exhibit a very significant difference in
the mean scores between the pre-test and post-test, t(8) = -11.96, p < .001. The average of -23.22 implies
a significant improvement in participants’ reading performance after using the application. The confidence
interval for the mean difference is 95%, indicating the difference is statistically significant. This observation
implies that the application is useful for enhancing children’s reading.

Table 10. Results for Paired T-Test <Reading Skills>

Comparison Min (A) SD SE 95% Cl t df P
Before and after
licati [-22.701,
application -23.222 5.826 1.942 18.744 -11.958 8 <.001
were used -18.744]

RQ3: Is the SmartJawi App Effective for Children’s Writing Skills?

Table 11 illustrates the pre- and post-test scores for writing skills. There was an improvement in post-test
scores for all participants, with a difference of 12-33. This steady rise reflects that the application has a
positive impact on the establishment of writing skills. The findings suggest that the application encouraged
participants to organize their ideas better, write more structured sentences, and improve the overall quality
of their writing.

Table 11. Scores for Writing Skills

Participant No. Pre Post Difference
1 25 58 33
2 36 59 23
3 41 59 18
4 33 48 15
5 33 59 26
6 23 48 25
7 43 58 15
8 31 52 21
9 38 50 12

Table 12 presents the results of the normality test for differences in writing skills. The significance values
were greater than 0.05 (p = .200 and p = .833), indicating that the data were normally distributed. Thus, the
test of normality was satisfied, and the paired-samples t-test was appropriate for evaluating the difference in
writing performance before and after the intervention.

Table 12. Normality Test (Writing Skills)

Tests of Normality

Kolmogorov-Smirnova Shapiro-Wilk
Statistic df Sig. Statistic df Sig.
Mark Difference 146 9 .200* .963 9 .833

*, This is a lower bound of the true significance.

a. Lilliefors Significance Correction
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Figure 5. Distribution of Score Data According to Histogram <Writing Skills>

The distribution of the difference in writing skills scores is illustrated in Figure 5. As indicated by the
histogram, the data are nearly normally distributed, with most values close to the mean. The implication
of this pattern denotes that the differences in the writing performance are normally distributed to satisfy
the condition needed to perform a paired-samples t-test. A Q-Q plot of the difference in writing skill
scores is presented in Figure 6. The points are close to a diagonal line, indicating that the data are normally
distributed. This graphical evidence supports the finding that data on writing skills can be analyzed using
parametric methods.

Normal Q-Q Plot of Score Difference

Expected Normal

-1

-2

10 15 20 25 30 35
Observed Value

Figure 6. Q—Q Plot for Data Normality Test <Writing Skills>
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Figure 7 presents one example of a study design to evaluate writing skills, depicting that the same group
of participants will be evaluated before and after using a learning app. This number indicates that any
noticeable changes in writing performance could be due to the intervention rather than group differences.

35

30

25

15

10

Score Difference

Figure 7. Single-Group Pre- and Post-Test Study Design <Writing Skills>

Table 13 presents the results of the paired t-test on writing skills, which indicated a significant difference
between the pre-test and post-test means, t(8) = -9.46, p < .001. The average change of -20.89 indicates a
significant improvement in writing achievement following the application. The 95% confidence interval for
the difference between means is -25.98 to -15.80, and it obviously does not include zero. These findings
support the idea that the application positively affects children’s writing performance.

Table 13. Results of the Paired T-Test <Writing Skills>

Comparison Min (4) SD SE 95% Cl t df P
Before and after (-25.980
application were ~ -20.889 6.623 2.208 ool -9.462 8 <.001
used -15.798]

RQ4: What is the Effect of the SmartJawi App on Improving Children’s Writing and
Reading Skills after Controlling their Pre-Test Scores?

Before the main analysis was conducted, several assumption tests were performed to ensure that the use of
MANCOVA was sensible. Both experimental and control groups had pre- and post-test scores, as depicted
in Table 14.
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Table 14. (Pre- And Post-Test Scores for Experimental and Control Groups)

ID Group Pre_Writing Pre_Reading Post_Writing Post_Reading
1 0 34 40 42 44
2 0 34 33 43 43
3 0 35 37 49 45
4 0 38 27 43 44
5 0 37 32 42 43
6 0 38 33 43 42
7 0 37 37 43 43
8 0 38 38 42 44
9 0 36 36 44 43
10 1 25 24 58 59
11 1 36 37 59 59
12 1 41 40 59 60
13 1 33 31 48 50
14 1 33 31 59 60
15 1 23 36 48 54
16 1 43 43 58 60
17 1 31 27 52 51
18 1 38 22 50 47

Note: Group 0 = Control; 1 = Experimental.

The Shapiro-Wilk Test (see Table 15) indicated that the two dependent variables, individual writing (W =
0.966, p = 0.72) and reading (W = 0.959, p = 0.61) scores, were normally distributed. Additionally, the
bell-shaped histogram and QQ plot (refer to Figure 8), which are almost aligned with the diagonal line, also
confirm this finding.

Table 15. Normality — Shapiro—Wilk Test

Dependent Variable W-Statistic p-Value Conclusion Normality
Post_Writing 0.966 0.72 Almost normal
Post_Reading 0.959 0.61 Almost normal
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Figure 8. Histogram (Left) and QQ plot (Right) show the validity of post-test scores of writing and
reading skills

Next, the test of homogeneity of residual variances among the groups was non-significant (Levene’s test, p >
.05), whereas the Box’s M test indicated equality of covariance matrices (M = 2.14, p = .698). The scatterplot
also indicated a linear relationship between the pre-test and post-test scores. The combination of these findings
justifies the main assumptions of MANCOVA, thereby allowing further analysis with a certain degree of
confidence. Besides, the MANCOVA (see Table 16) was subsequently used to indicate the multivariate effect of
the SmartJawi App on the combination of dependent variables (writing and reading skills), which was significant
after pre-test scores were considered. The Trace of Pillai was high (0.923), and the F-test that was performed was
also significant, F(2,15) = 102.34, p. The partial eta® of 0.931 represents an extremely large effect size, as nearly
93% of the overall variance in the dependent variables is attributable to the SmartJawi intervention.

Table 16. MANCOVA Analysis (Multivariate Effect)

Effect Pillai's Trace F df1 df2 p Partial n2
Group 0.923 102.34 2 15 <.001 0.931

Note: There is a significant multivariate effect of SmartJawi App on Dependent Variable (DV) combination, after
controlling for pre-test.

After the first exploratory analysis, a follow-up univariate Analysis of Covariance (ANCOVA), as shown in
Table 17, was performed to examine the impact on individual proficiency domains. With reference to the
writing domain, the analysis produced an F-statistic of F(1,16) = 150.25, with a p-value of < .001 and a
partial eta 2 = .904. For the reading area, the statistics were F(1, 16) = 180.13, RN of p = .001, and partial
eta 2 =.918. All these statistics indicate that the effect sizes are extremely large, implying that the SmartJawi
App has a statistically significant and substantively positive impact on both elements of literacy.

Table 17. Univariate Follow-up

DV F df p Partial
Post_Writing 150.25 1,16 <.001 0.904
Post_Reading 180.13 1,16 <.001 0.918

Note: Both DVs showed significant increases in the experimental group compared to the control.
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Indeed, the adjusted means (estimated marginal means) (see Table 18) comparison has also indicated that
there is a significant difference between the experimental and the control cohorts. The control cohort scored
43.3 in writing and 54.1 in reading, compared to 43.3 and 54.5, respectively, in the experimental cohort (see
Figure 9). The difference of about 10-11 points highlights a substantial change in the experimental group
after introducing the SmartJawi App.

Table 18. Estimated Marginal Means

Group Post_Writing (Adj Mean) Post_Reading (Adj Mean)
Control 433 432
Experimental 54.1 54.5

Note: The experimental group recorded higher post-test scores than the control group.
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Figure 9. Adjusted Post-Test Mean Scores for Writing and Reading Skills by Group

Overall, the analysis supported the idea that the SmartJawi App had a statistically significant impact on
children’s writing and reading skills. The adjusted mean difference and the univariate results corroborated the
multivariate finding, indicating the intervention’s effectiveness in promoting fundamental literacy.

DISCUSSION

Incorporating technology (Ghazali et al., 2024) in the Jawi teaching of early childhood learners in Malaysia
has the potential to address a number of the weaknesses inherent in the traditional pedagogy, which is largely
passive and much tends towards rote memorization (Ahmad and Mohd Lazim, 2025; Malik et al., 2025;
Mohd Zamri and Mazmuzidin, 2021; Rashid et al., 2019; Rashid and Md Salleh, 2023). Conventional
teaching methods that are based on blackboards (Vadakedath et al., 2018), textbooks (Li and Wang,
2024), and letter-copying drills that are repetitive are exemplified as conventional methods (Figure 10,
which represents children of the control group). It has been reported that such methods are insufficient for
motivating preschoolers, particularly those who need multisensory support to understand the shapes and
phonetic values of Jawi graphemes (Maldarelli et al., 2015). Although an educator-centred approach still
has its niche (Tamyis et al., 2021), it can become a barrier to child agency, as classroom authority may be
completely monopolised by the educator, leaving pupils as mere recipients of knowledge.
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Activity 1: Reading Activity Activity 2: Writing Activity

—

Figure 10. Children from the Control Group Do Not Feel Too Excited When Doing Paper-based
Activities

Conversely, the MANCOVA findings in the given study strongly established that technology-based learning
is much more effective than the conventional approach of simply using notebooks and reading books. It is
known as the 21st-century way of learning (see Figure 11, which depicts children in the experimental group)
and provides a chance to explore, question, and actively build knowledge (De Caro-Barek et al., 2023;
Kariippanon et al., 2019; Nambiar et al., 2021). Early childhood pedagogy indeed requires experiential
learning through play and self-exploration.

Activity 1: Choose, Activity 2: Connect the
Pronounce, and Listen Dots

Figure 11. Children from Experimental Group Feel Motivated to Do Games-based Learning

The results revealed that the experimental group differed significantly from the control group. The scores
of both groups at the pre-test were low, indicating a basic failure to master the Jawi letters. However, the
experimental group exhibited a significantly greater increase in scores than the control group, demonstrating
the approach’s effectiveness after the intervention. Importantly, these findings suggested that the absence of
early literacy problems cannot be merely a matter of exposure. They need to have orderly educator direction
and assistance with digital innovations to enhance their command of letters and writing. The fact that the
experimental group was more successful than the control group demonstrates the presence of fundamental
weaknesses that can be overcome through structured interventions and have a highly positive impact on Jawi

skills.
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The dynamic is restructured by Jawi learning technology, which enables children to access instructional
resources flexibly by allowing them to learn at their own pace based on their ability level (self-paced
instruction) through interactive digital tools (Ghazali et al., 2025a; Ghazali et al., 2025b). Within this
ecosystem, educators act as facilitative agents, guiding learners in the independent construction of knowledge
(Afghani et al., 2025; Dochia, 2025; Safitri et al., 2024). The use of technology-based pedagogy proves
beneficial in accordance with constructivist principles (Ali et al., 2022) and effective in overcoming the
drawbacks of mechanical repetition and the lack of relevance common to traditional methods of instruction

(Zhou et al., 2024).

IMPLICATIONS

The implementation of the SmartJawi App in the context of digital learning for preschoolers is innovative
and appropriate. This application focuses on preschool Jawi writing skills through a playful, interactive lens,
in accordance with 21st-century learning. The impacts of the SmartJawi App on three key stakeholders,
including educators and children, policymakers, and future researchers, are illustrated in Figure 12. The
learning and facilitation of Jawi literacy is expected to become more efficient, pleasurable, and accessible
through this educational technology integration.

Implications of Introducing the SmartJawi App
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Figure 12. Implications of Introducing SmartJawi App to Preschoolers

The changes in instructional methods can be attributed to the SmartJawi App (Ghazali et al., 2025a,
2025b). Educators can now facilitate their teaching digitally, making Jawi classes more interactive and
effective (Rahim and Hamzah, 2025). The app also supports child-centred innovative practices, in addition
to a systematized lesson model, which enhances Jawi preschool literacy (Ahmad and Abdullah, 2023). The
elements of gamification also increase digital literacy among young learners (Fernandez-Batanero et al.,
2024; Star et al., 2014). These characteristics enhance the learning of Jawi orthography and provide children
with intrinsic motivation through user-friendly interfaces.
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On the other hand, according to Rosly and Zulkifli (2025), the application provides educators with clear
steps for implementing curriculum changes, thereby enhancing children’s motivation. Meanwhile, the data
repository should also be on the same platform, enabling policymakers to respond to curriculum revisions
(United Nations Children’s Fund, 2025). These results indicate the dual purpose of the SmartJawi App, as
it functions both as an instructional resource and as a useful tool for policymakers to track literacy progress
and make curriculum-informed choices.

Subsequently, the SmartJawi App (Ghazali et al., 2026) will be transformed into an instructional tool,
becoming a systemic change agent in Jawi preschool education. It is a transformation that requires a long-term
investment in digital solutions, a rejection of the status quo, and a business-as-usual approach. Therefore, the
current study must serve as a basis for future research to determine the sustainability and scalability of digital
innovations in preschool literacy but note that the interpretation of results should be done with caution,
given the scale and size of the current study.

CONCLUSION

In summary, digital applications in early childhood education enhance educators’ teaching strategies and
significantly shape national education policy planning. Such applications provide a fundamental foundation
for policymakers in developing curricula that respond to contemporary needs and promote investment in
digital tools for interactive, purposeful learning. This reinforces the effectiveness of Jawi and early literacy
instruction and cultivates a 21st-century learning culture among preschoolers that is technological, creative,

and flexible.
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