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Abstract—This study developed and used a mobile Augmented Reality (AR) 
reading kit to help preschool students recognize alphabets and read simple words 
more effectively. This study was based on the quantitative approach involving 
an experimental methodology that used a one-group pretest-posttest design. 
In this study, the variables of interest to be measured were students’ reading 
skills, motivation, and self-learning. The learning treatment involved a series of 
reading sessions using the novel learning application that spanned three weeks, 
with each session lasting for two hours. The sample of this study comprised 60 
preschool students, whose ages ranged from four to six, who were selected from 
three different preschools. The effectiveness of the novel-reading kit was evalu-
ated in terms of students’ learning performance, learning motivation in reading, 
and self-learning. The data for the former were gathered from pre-testing and 
post-testing. At the same time, a survey was administered to the students to elicit 
their opinions and feedback on the last two factors. Furthermore, all descrip-
tive and inferential statistical procedures have been selected to analyze the data. 
Specifically, a one-way analysis of variance (ANOVA) was applied to analyze 
the data, which demonstrated significant differences in the students’ reading 
skills, motivation, and self-learning before and after the learning interventions. 
These findings showed the students could recognize alphabets more accurately, 
read simple words more intelligently, become more motivated to read and be 
highly engaged in self-learning using the mobile AR reading kit.

Keywords—mobile augmented reality, motivation, preschool students, 
reading skills, self-learning

1 Introduction

Undeniably, there is a growing need for online learning or virtual learning during 
the Covid-19 pandemic to sustain student learning through this difficult time [1][2]. All 
over the world, conventional physical ‘face-to-face’ learning has now been replaced 
by online or virtual learning to ensure the safety of children [3]. As such, teaching 
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practitioners must rely on a broad spectrum of technologies to deliver learning content 
and impart knowledge to students transcending time and place [4]. Over the recent 
years, emerging mobile technologies using high-quality smartphone cameras and smart 
glasses, such as HoloLens, have been widely used to enable the integration of 3D 
information to transmit information and data users interactively [5].

Arguably, the interactions between students and digital learning objects help engen-
der learning environments in which students become more engaging, active, allowing 
them to develop positive attitudes and motivation [6]. By contrast, traditional learning 
approaches are inherently less interactive and less interesting, as students primarily 
rely on textbooks and teachers’ instructions [7]. However, using relevant technolo-
gies to support online learning poses several challenges to teaching practitioners [8]. 
Recognizing such a predicament, which has become more acute in this challenging 
time, more and more teachers are now resorting to new technologies to teach. Against 
such a backdrop, this study was conducted to determine the impact of an interactive 
mobile Augmented Reality (AR) application on a group of preschool children [9].

One of the essential skills that every pupil learns from the beginning of school is read-
ing to make meaning from text and learn through reading with materials. Furthermore, 
good readers are phonemically aware, understand the alphabetic principle, apply these 
skills rapidly [10]. They are also required to be fluent, possess strong vocabulary and 
syntactic and grammatical skills, and relate reading to their own experiences [11]. 
Difficulties in any of these areas can impede reading development. Moreover, learning 
to read begins far before children enter formal schooling. Children who have stim-
ulating literacy experiences from birth onward have an edge in vocabulary develop-
ment, understanding reading goals, and developing an awareness of print and literacy 
concepts. By contrast, children who lack such rich experiences are most at risk of 
reading failure entering kindergarten and preschool [12].

One of the first steps a child will take on their reading journey is learning to recognize 
letters. Before a young learner can start to sound out words, blend syllables, or master 
other early reading foundations, they will need letter recognition skills [13]. Thus, it is 
essential to expand a child’s letter recognition skills or engage their interest more pur-
posefully by giving them appropriate learning aids and materials. Arguably, letter recog-
nition activities that are fun, simple, and engaging would effectively help young children 
learn to read consistently and efficaciously [14]. In this regard, alphabet knowledge is a 
necessary component of emergent literacy development that refers to children’s knowl-
edge of letterforms, names, and corresponding sounds [15]. As such, alphabet knowl-
edge is one of the best predictors of children’s later reading and spelling abilities [16].

Furthermore, children who know the names of the letters have three significant 
advantages. Firstly, young children who know letter names will learn the sounds of the 
letters much more quickly. By contrast, young children who have difficulties under-
standing the letter names often have tremendous difficulty learning the sounds of the 
letters. Secondly, children who can easily name the alphabet letters have an easier time 
learning to read [15], [16]. Thirdly, as they know the letter names, children tend to be 
more motivated to discover more about the letters and the words around them [17].

This research aims to enhance preschool students’ learning, and reading skills using 
a mobile AR application addressed as ABC Reading Kit. In addition, the findings of 
this study will have some assumptions for the educational practice of the science of 
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learning and development, which teaching practitioners need to know when they teach 
children to learn to read. Specifically, this study aims to address the followings research 
objectives:

•	 To develop a mobile AR application that can help preschool students learn the alpha-
bet more effectively.

•	 To improve preschool students’ reading skills with the use of the proposed mobile 
AR reading kit.

•	 To improve preschool students’ learning motivation with the use of the proposed 
mobile AR reading kit.

•	 To improve preschool students’ self-learning with the use of the proposed mobile 
AR reading kit.

The following are the research questions of this study:

•	 Is there a significant difference in students’ reading skills before and after using the 
mobile AR reading kit?

•	 Is there a significant difference in students’ learning motivation before and after 
using the mobile AR reading kit?

•	 Is there a significant difference in students’ self-learning before and after using the 
mobile AR reading kit?

Furthermore, this paper will characterize the subsection literature review for the 
research background and demonstrating the case studies related to the mobile appli-
cation peculiarly on Augmented Reality and preschool learning environment. Besides, 
this paper also addressed the research design and highlighted the learning intervention 
for mobile learning. Subsequently, the research result will be reviewed related to the 
research objective and questions. Finally, this paper also delineates the conclusion and 
future works.

1.1 Literature review

As acknowledged, reading and writing skills are essential skills that preschool 
children should acquire to equip them for schooling at higher levels [18]. Therefore, 
mastering these skills is necessary to assist children to learn other school subjects more 
efficaciously in this challenging digital age [19]–[21]. Over the recent years, many 
studies have been carried out to examine a myriad of problems or issues regarding read-
ing skills among preschool children aged five to six years [22]. Ideally, students need 
to possess good reading skills by demonstrating their ability to comprehend the texts 
they are reading [23], [24]. However, many studies have shown that most preschool 
children have been grappling with recognizing relevant alphabets, making it difficult 
for them to read smoothly [25], [26]. Preferably, teachers need to provide sufficient 
opportunities for students to revisit and revise the reading sections that students have 
already read. Revealingly, a study carried on by Hanley [27] depicted that more than 
85% of preschool teachers lamented that many of their students could not recognize 
alphabets in the early stage of a reading lesson. Indeed, such a finding will cause some 
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concerns among scholars and researchers. It will seriously impact student learning over 
the long term.

Revealingly, such teachers asserted that teaching young children entailed new, novel 
materials to make teaching and learning not only practical but also enjoyable [27]. 
They also emphasized the urgency of having interactive learning materials that could 
help attract students’ attention and interest [28], [29]. Furthermore, recent studies have 
shown that preschool teachers need to rely on appropriate visual, audio, and kinesthetic 
elements to enhance teaching, rather than having students listen to verbal explanations 
or watch demonstrations passively [30]–[32].

Thus, teachers should expend novel reading kits to help students learn how to read 
with better efficacy and a high sense of enjoyment, which ultimately helps improve 
their students’ reading skills and motivation based on the mobile application learning 
platform [2]. Ideally, the development of such reading kits should involve teachers who 
would provide the essential inputs or feedback to ensure such an application would be 
highly educational and appealing to help students learn to read effectively and enjoy-
ably [33]. In this study, the development of the novel learning or reading kit was based 
on the marker-based augmented reality (AR) technology, which could run on desktop 
computers and mobile devices, notably smartphones. Utilizing this proposed reading 
kit, students would learn to read with a high degree of efficacy and motivation.

 
Fig. 1. Three-dimensional animal characters of the AR reading kit

A preliminary study involving 45 preschool teachers and 60 students (25 boys and 
35 girls) from three preschools before the movement restrictions due to the pandemic. 
This study revealed several important aspects that need to be considered in developing 
the proposed reading kit to help improve preschool students’ reading skills. Figure 1 
shows some examples of the 3D animal characters utilized in the mobile AR reading kit.

Given the strong emphasis on this learning of late, this research attempts to evaluate 
the effectiveness of a mobile learning application that could facilitate self-learning to 
help preschool children recognize alphabets and read simple words. Teachers and stu-
dents’ parents could download the reading kit from the internet and installed it on their 
mobile devices, such as tablets and smartphones, as depicted in Figure 1. Practicing this 
application, students could learn at their own pace and place, effectively engaging in 
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self-learning such as mobile applications, the use of which has become more pervasive 
due to the movement restrictions imposed by the Covid-19 pandemic [34]. Essen-
tially, effective self-learning relies on a student’s beliefs and expectations regarding 
accomplishing the intended learning goals. As such, it represents a unique feature 
of learning that empowers students to construct knowledge independently. Thus, the 
effectiveness of this type of learning requires children to have a strong willingness 
and motivation to ensure they could learn with greater ease and better ascendancy 
[35], [36]. With the proper instructional design, such a learning tool would assist pre-
school students to focus on learning activities. This contention is not untenable, as 
emerging evidence from recent studies has shown that self-regulated learning could 
nurture strong motivation and deep interest among young children to learn [37], [38].

Admittedly, the full impact of AR technology on student learning has been traversed 
involving a diversity of students’ backdrops. However, not many studies have been 
devoted to studying the effects of such a novel technology on preschoolers’ learning 
performances. Notwithstanding, the findings of a survey by Kritzenberger, who used 
a mixed reality platform to support cooperative learning, have shed some light on the 
understanding of the educational potentials of mobile AR applications for preschool 
and kindergarten education among young children [39]. Later, several studies emerged, 
such as Chen [40], [41], who developed and used a mobile AR learning tool to help 
young Chinese students learn the Chinese language’s pronunciation and memorization.

Likewise, similar studies of mobile AR technology in various educational contexts 
have been conducted to assist student learning in diverse disciplines. For example, 
Hsieh and Lee’s [42] and Hsieh and Lin’s [43] studies were primarily concerned with 
examining the impacts of AR educational games on students’ learning performances in 
English as a foreign language. Interestingly, their studies developed and used mobile 
AR learning applications consisting of virtual models and texts in dual languages, 
Chinese and English, to help students learn both languages interactively [44]. They 
observed that such interactions provided students with a sense of control and enjoyment 
that engendered engaging, meaningful learning [45]. Such applications have also been 
experimented with and explored in other study areas, such as mathematics, whereby 
serious educational games were utilized to adorn students’ learning mathematics with 
enhanced efficacy [42].

2 Research methods

2.1 Research design

The sample of this study comprised several preschool students, whose ages ranged 
from four to six, who were selected from three preschools involving 60 students. 
An online survey using Google Form consisting of several questions aggregated 
data from the chosen preschool teachers. A conventional survey had to be ruled out 
given the outbreak of the Covid-19 pandemic that restricted any forms of physical 
contact. This study was based on the quantitative approach involving an experimental 
methodology based on a one-group pretest-posttest design. Essentially, such a design 
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is comparable to the within-subjects experiment. Each participant will be tested first 
before treatment (pre-intervention) and then after treatment (post-intervention). In this 
study, the variables of interest to be measured were students’ reading skills, motivation, 
and self-learning. The treatment involved a series of reading sessions spanning three 
weeks, each lasting for two hours.

In this study, Building Information Modelling (BIM) was applied to guide the design 
and development of the proposed mobile Augmented Reality (AR) reading kit. In 
principle, BIM is an established model that shows the development of the structure of a 
learning tool or application, the exchange of requisite information [46], [47], and better 
access to data [48]. By utilizing this model, two elements, namely the reading contents 
and AR elements, were considered essential to ensure the effectiveness of such a novel 
learning tool. Specifically, the AR elements comprised audio and visual elements, such 
as videos, to support interactive learning [49]. In recent years, self-directed learning has 
been widely used in many educational disciplines. The basis of this learning concept 
is the realization that students need to manage their learning activities online [50]. 
Several self-directed learning models, including Zimmerman’s model [51], have been 
proposed to explain the different self-regulated learning processes. Invariably, the mod-
els emphasize the active participation of learners in online education, which undoubt-
edly hinges on students’ interests and motivation [52]. Also, they emphasize the diverse 
learning styles of learners, which will have a significant impact on student learning in 
the self-directed learning mode.

The researchers also carried out a training program to train the teachers to utilize 
the mobile AR reading kit. Training materials, manuals, and booklets were prepared to 
guarantee that all the trainees would access relevant information to help them famil-
iarize themselves with the novel learning tool [53]. Once they had demonstrated their 
ability to use the application, they were instructed to use it in their teaching activities. 
In the implementation phase, the preschool teachers utilized the reading kit containing 
animal characters to help preschool students to recognize alphabets and read words 
interactively, as depicted in Figure 2. The AR contents of the mobile reading kit were 
designed and developed based on the preschool literacy module, thus ensuring they 
were consistent with the objectives of the preschool curriculum. In the final phase, 
students’ learning performance, motivation in reading, and self-learning were evaluated 
accordingly. Pre-testing and post-testing of these measures were carried out before and 
after the intervention, respectively. In addition, both descriptive and inferential statisti-
cal procedures were used to analyze the data.
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Step 1:
The mobile augmented reality
(AR) reading kit's contents are
based on the marker-based AR 
technology, represented in a 
book containing markers that a
smartphone camera could scan. 

Step 2:
The preschool students learn to 
recognize and read appropriate 
words by scanning the markers 
of animal characters with their 
mobile phones’ cameras. 

Step 3:
Once scanned, relevant animal 
characters, such as a giraffe, 
would appear. The preschool 
students could interact, giving 
audio and visual cues to verbalize 
certain syllables or simple words.

Fig. 2. The proposed development of the animal characters of the mobile 
augmented reality (AR) reading kit

3 Results and discussion

The survey response rate was 98% after two of the returned forms of the ques-
tionnaire were found to be incomplete, which rendered them unusable for analysis. 
The data derived from the pre-and post-testing and survey were analyzed descriptively 
and inferentially utilizing Statistical Package for Social Sciences (SPSS) version 25.0. 
Specifically, one way-ANOVA was used to examine the research hypotheses of this 
study. Table 1 summarizes the results of the descriptive statistics of the data.
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Table 1. The descriptive statistics of students’ reading skills, motivation, and self-learning

Statistics Reading Skills Motivation Self-Learning

Mean 1.89 1.99 1.83

Std E.M* 0.049 0.04 0.045

Median 2 2.2 2

Mode 1 1 1

Std. D 0.855 0.889 0.996

Variance 0.813 0.7662 0.989

Note: Std. EM* = Standard Error of Mean, Std. D = Standard Deviation

As shown in Table 1, the mean scores (standard deviations) of students reading 
skills, motivation, and self-learning were 1.89 (.855), 1.99 (.889), and 1.83 (.996), 
respectively, indicating that the levels of such measures were moderate.

Table 2. ANOVA results of students’ reading skills, motivation, and self-learning

Dimension x– SD Source of
Variance

Sum of 
Squares df Mean 

Square F p

Reading Skills
N=20

18.24 3.64 Within Groups 136.66 2 12.24 5.58 0.04

Motivation
N=19

18.18 3.43 Between Groups 18.77 2 10.66 1.27 0.035

Self-Learning
N=21

20.95 3.41 Between Groups 107.67 2 9.38 4.54 0.038

Table 2 summarizes the results of the one-way-ANOVA analysis. As shown, there 
were significant differences in the students’ reading skills (F = 5.58, p = .04), motivation 
(F = 1.27, p = .035), and self-learning (F = 4.54, p = .038) before and after the learning 
interventions. These findings showed that the students read more fluently and became 
more motivated to read independently through the self-learning mode using the mobile 
AR reading kit.

Based on these results, it could be argued that there was a notable and positive effect 
of the mobile augmented reality reading kit on students’ reading skills after the inter-
vention. In addition, their learning motivation had improved significantly, signifying 
the students had engaged in learning to recognize alphabets and read simple words 
quite independently. In other words, they were trained to learn to read with strong 
passion in the self-learning mode with minimal guidance from their teachers. Likewise, 
students were more engaged in self-learning after the intervention, indicating that the 
mobile learning application positively impacted students’ engagement in such a learn-
ing mode [54]. Collectively, these findings are very encouraging. They suggest the ani-
mal characters of the mobile AR reading kit would attract preschool children’s attention 
and interest in learning to recognize alphabets and read the words coherently [55].

Equally important, the findings are promising. Students’ strong motivation would 
make them more receptive to using such a mobile application persistently, rather than 
using it once or twice. In addition, these steps should be emphasized that young children 
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will regularly habituate such an application if they find it user-friendly, appealing, and 
enjoyable. Thus, it becomes imperative for mobile application developers to consider 
these factors when developing learning applications for young children [12]. Likewise, 
teachers should also demonstrate a strong passion and interest in using novel learning 
applications in their teaching practices. It is also important to acknowledge that the 
refusal of teaching practitioners to utilize digital learning objects is influenced by a host 
of factors, such as teaching workloads, a lack of training, and negative attitudes [56]. 
All these factors must be dealt with to assure the sustainability of such applications over 
a long period to ensure both teachers and students would reap their benefits.

4 Conclusion

Overall, the findings of this study demonstrated that the use of the mobile AR 
technology reading kit had significant impacts on students’ learning performance in 
reading, learning motivation, and engagement in independent self-learning. These 
findings propose that such a technology could immerse students in an interactive, 
entertaining environment where they could explore and interact with digital learning 
objects, leading to better cognition. Furthermore, the learners would become highly 
motivated to learn with greater focus and experience meaningful self-learning in such 
an environment. Based on the results, the significant differences are apparent based on 
ANOVA analysis. Furthermore, the motivation and self-learning degree are increased 
based on the results portrayed within the groups, respectively.

Given these promising findings, preschool teachers could also embed such a novel 
tool into their teaching practices to enlighten the current movement restrictions due to 
the Covid-19 pandemic [57–58]. Such a tool is arguably indispensable. Furthermore, 
the students need to utilize a wide range of learning aids to help them engage in online 
learning. They could learn independently with minimal supervision.

5 Future work

The future work of this mobile for utilizing the animal characters is converging on 
improving the preschoolers’ reading skills. The reading skills might be a significant 
focus on future development that could enhance reading skills. In addition, the material 
of stimulating the learners to be motivated is also exciting research to be unfolded 
afterward.
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