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 The Thai language, which is part of the Indo-Iranian language family, carries on rituals and local 

knowledge that have been passed down from generation to generation. The Thai National 

Statistics Office found that 10% of elementary school students in Thailand cannot read. This 

means that 90% of elementary school students in Thailand can read. The numbers disagree with 

a report from an international assessment agency that said young Thai students’ reading skills 

were the 50th best out of 65 countries. So, it is still hard for young Thai people to read well. The 

main goals of this research are to: (i) make an augmented reality platform that will help students 

improve their reading skills and (ii) figure out how well the platform works. This study uses a 

method called “research design” (R&D) to look at how students feel about an educational 

product or method that was designed and then used. Research and development can be thought 

of as going through three different stages (research phase, development phase, and 

implementation phase). According to the results, the picture word inductive model (PWIM) 

strategy was put into place because the professionals said it should be. The most popular 

method of teaching was called “precision teaching.” Reading out loud and reading the same thing 

over and over were two ways that vocabulary was taught. According to the results of the 

experiment, the students’ scores after finishing the reading are higher than their scores after 

the first reading. As part of the second part of the study, reading comprehension skills were 

tested. The students have also gotten a lot better at understanding what they read as a whole. 

Keywords: augmented reality, elementary school students, PWIM, reading ability, precision 

instruction 

INTRODUCTION 

Read is a very important skill for learning. Early reading development in young learners encourages them 

to look for more information and take part in activities that connect what they already know (Triwahyuni et 

al., 2020). It also helps them keep their emotions in check by giving them a way to focus (Mata et al., 2020; 

Tyng et al., 2017). Reading abilities involve recognizing and understanding words (Pearson & Cervetti, 2013). 

Reading ability consists of two parts: the capacity to recognize the alphabet, sound, word, its meaning, and 

how to speak it correctly, and reading comprehension, the ability to link information, infer, synthesize, predict, 

and make sense of what you read (Bellinger & DiPerna, 2011; Cotter, 2012; McInnes et al., 2018). 

The Thai language is 2,000 years old and connected to Indo-Iranian and Indian. Through spoken and 

written language, rituals and local knowledge are carried down. Reading at the novice level is either “readable” 

or “unreadable” based on phonics and understanding (Thai National Reading Committee, 2010). 10% of 

primary kids cannot read or write, according to statistics. The Thai National Statistics Office reported young 

Thai youngsters read more after 2000, which boosted their literacy rate. Large IT infrastructures make it 
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simpler for consumers to access digital books, which increases reading hours (Thailand National Statistical 

Office, 2019). However, PISA (OECD, 2019) indicated Thai pupils’ reading skills had declined over the past 

decade. Thai kids’ reading ability ranked 50th out of 65. 43% of Thai pupils are below the standard level (level 

2). According to PISA data, Thailand’s assertion that 90% of primary school kids can read is false. Thai pupils 

can read, but their abilities are poor.  

Reading boosts imagination and memory. Students focus on, arrange, and employ new words to decode 

and encode information (Troscianko, 2013). Reading materials are most often printed (Spencer, 2006). They’re 

easy to touch and imagine, and they offer complicated learning experiences (LXs) with text and visuals. Print 

materials may teach readers in intangible ways. Students use technology to read when digital technology 

promotes learning and literacy. Using technology in learning activities helps students work together, solve 

issues, enhance listening skills, and retain information (Bower et al., 2014; Dunleavy et al., 2009).  

The term “augmented reality (AR)” is used to describe any situation in which real-world environments are 

“augmented” by the addition of virtual (or computer-generated graphic) elements (Milgram & Kishino, 1994). 

There has been substantial use of technology to facilitate and improve reading (Jamshidifarsani et al., 2019). 

AR moves written word out of the abstract and into the practical world and blends media. A platform is written 

software that integrates augmented media, records student learning, identifies the proper activities, and 

displays graphical tutoring. A teacher employs touch-sensitive materials to develop young children’ fine motor 

skills and display useful virtual media over printed text. AR books integrate physical learning, spatial 

organization, and verbal relationships to improve memory, retention, and motivation (Chara, 2013; Izzaty et 

al., 2019; Na-songkhla, 2011; Nasongkhla et al., 2019; Pariyawatit, 2015; Wu et al., 2018). However, the 

integration of AR technology in the classroom has been criticized because it has been proven to be teacher-

dominated and to have lower levels of student engagement than non-AR classroom usage (Kerawalla et al., 

2006). In this study, the AR-reading platform helps teachers be more honest with kids. It features a built-in 

monitoring function as a reading evaluation tool to track student progress and delivers remedial pupils exact 

training through an individual set of activities to improve their fluency, accuracy, and reading comprehension. 

The program provides auditory and visual reminders for pupils to drill and practice reading. Exercises that 

assist students recall what they forgot can improve their reading. Even if a child cannot read, teachers and 

parents can help. 

THEORETICAL BACKGROUND 

Teaching Reading 

Reading is the process of receiving and decoding information encoded in language form via the medium 

of print (Urquhart & Weir, 1998). Reading deals with mental imagery (Grabe, 2004). Readers can easily connect 

to the writing with familiar prior knowledge, background experiences, or schema. A cognitive schema, a 

mental framework or concept, helps organize and interpret information. The mental model represents real 

or imaginary situations in the mind and mirrors the perceived structure of the modeled external system (Jones 

et al., 2011). There are three schema types for language learning (An, 2013); linguistic, content, and formal 

schemas. Linguistic schemas refer to traditionally recognized phonetics, grammar, and vocabulary knowledge 

(Zarei, 2012). Content schemas involve familiarity, cultural understanding, and previous experience (Kafipour 

et al., 2017). Formal schemas relate to rhetorical organizational structures of different types of texts (Carrell, 

1984). Reading is, in a sense, a bridge between the new and the old. Thanks to this bridge, the unfamiliarity 

drops, and the interest arouses. Then it becomes possible to make predictions in reading. Schemas help 

students solve problems in reading and interpreting an overwhelming amount of information, enabling them 

to relate new information to their prior experience. In addition, Image schemas are considered embodied 

prelinguistic structures of knowledge that motivate conceptual metaphor mappings (An, 2013; Urquhart & 

Weir, 1998).  

Furthermore, cognitive load theory describes the teaching of new material and influences the processing 

and organization of students’ knowledge for long-term memory (Ibili, 2019) (Figure 1). Increasing intrinsic 

motivation and reducing a distracting or unnecessary load might result in a cognitive load that is important 

or pertinent to the learning process. A teaching strategy that facilitates the degree of content comprehension 
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that directly contributes to learning has an effect on the relevant cognitive load (Debue & van de Leemput, 

2014). Controlling cognitive load during instruction is essential for effective learning. The instructional design 

must decrease irrelevant load and increase relevant load. Consequently, the larger the rate of relevant 

cognitive load, the bigger the learning potential. If the intrinsic load is large, the memory capacity available to 

dedicate to the extraneous load in working memory decreases, hence increasing the mental effort required 

(Cheng, 2016; Debue & van de Leemput, 2014; Ibili, 2019). 

Both the first language (L1) and the second language (L2) suggest that vocabulary knowledge is one of the 

most accurate indicators of reading ability (Moghadam et al., 2012). Two vocabularies, productive and 

receptive, can be used to describe knowledge of word connections: productive and receptive vocabularies. A 

person’s productive vocabulary consists of well-known, familiar, and often used terms. In contrast, receptive 

vocabulary is comprised of known words that appear in circumstances that pupils are unable to effectively 

traverse. The gap between familiar receptive and productive information might be bridged through cue recall 

(National Reading Panel, 2000). 

The picture word inductive model (PWIM) is a regularly used strategy using media to connect words into a 

familiar context that utilizes visuals to enhance students’ memory and move the vocabulary into an active or 

productive mode (Figure 1). PWIM has become a teaching strategy to improve the reading and writing skills 

of elementary students. When pupils concurrently repeat pronunciation and spelling, they strengthen their 

language skills. Utilizing familiar images, this method assists in the resolution of reading and writing ability 

issues. In addition, it improves inductive reasoning, boosts creativity, stimulates involvement, and inspires 

study (Triwahyuni et al., 2020). 

To learn language, PWIM students seek knowledge from things or forms. The technique stresses the 

inductive process in which students generate knowledge or vocabulary lists to promote connections based 

on prior knowledge. Learners connect images and words through the interaction between sound and symbol 

(pictures), so fostering mutual comprehension (Calhoun, 1999; Triwahyuni et al., 2020). Visuals facilitate the 

association between visuals and language, particularly for the development of pronouncing abilities. Reading 

using the visual picture, students create their own rules until they master the language and can read and spell 

words accurately. Students see and hear the correctly written words in a visual incorporating recognizable 

items, events, and settings. They may observe phonetics, synonyms, antonyms, and pronunciation when 

analyzing words. Teachers increase memorization by hearing and reading (Jiang, 2018). 

In accordance with literature review (Calhoun, 1999; Gu & Lornklang, 2021; Jiang, 2018; Lee et al., 2019; 

Srithamma & Songserm, 2020; Triwahyuni et al., 2020), PWIM directs student reading events, as follows:  

 

Figure 1. Relationship theories, techniques, and teaching read (Source: Authors’ own elaboration) 
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(1) display the necessary image,  

(2) identify and utter the word,  

(3) read repeatedly or loudly,  

(4) link and classify relevant sounds and information,  

(5) use inductive reasoning by producing a new phrase, and  

(6) read and review the sentence.  

This strategy may be used with learners of all ages, both individually and in groups, by emphasizing 

inductive reasoning. Through guided activities and questions, students are led to infer a general rule as part 

of the inductive approach to reading. Students find the ruling based on the evidence of the feedback, which 

enables them to become proficient language learners. PWIM instructional technique enhances students’ 

reading skills, particularly the ability to appropriately combine words into coherent grammatical structures 

and grasp their meaning (Jiang, 2018). 

Phonics reading out loud helps students learn (Triwahyuni et al., 2020; Urquhart & Weir, 1998). To read, 

you must know what words mean and do not say. You must also identify the major concepts, forecast what 

will happen, and some reading instruction research focuses on word recognition. This is done by emphasizing 

vocabulary, activating reading context knowledge, and encouraging independent reading (Carreiras et al., 

2014). In class, students learn to express, comprehend, and think about word meanings, developing higher-

order thinking abilities (Cotter, 2012). The National Reading Panel (2000) advocated repeated reading (RR) as 

a reading instruction method (Samuels, 2013). RR is a method for teaching fluency in which the learner reads 

and rereads a material quietly or loudly several times in order to achieve a predefined level of speed, accuracy, 

and understanding. In addition to sustained silent reading programs, shared reading, aided reading, and 

extended reading, a number of other reading-as-recreational-activity-assistance programs have been 

established, all of which provide extra support, such as reading materials or activities (Rasinski, 2006). The 

approaches stated emphasized pupils mastering their learning via repeated practice till reaching a certain 

learning aim. This technique asserts that all students may achieve success if they are provided with guidance 

and sufficient time to study, as well as a knowledge of learning design. Several interactive media designs utilize 

the behaviorist philosophy to allow students to practice a certain skill. Mastery-level learning is a lengthy 

process in which students raise unknown information to skill level via practice. Utilizing proper strategies, 

rapid and efficient mastering of learning enables the transfer of learning to skills (Triwahyuni et al., 2020). 

Precision teaching, which was established by Ogden Lindsley in 1991 (Potts et al., 1993), is an assessment 

strategy that use precise data collecting to aid students in acquiring knowledge (Potts et al., 1993; West et al., 

1995). The teacher assigns pupils learning activities and tracks the observable and quantifiable learning 

behaviors throughout time. Eventually, the data is transformed into information that may be used by 

instructors to identify and address certain learning or behavioral objectives (Downs & Morin, 1995). Precision 

instruction determines the number of responses a certain learner has to a particular exercise. Setting explicit 

learning objectives that are broken into little learning chunks and giving drill and practice tasks constitute 

precision instruction. With specific indications and criteria, teachers monitor measurable student 

performance and implement corrective measures as needed. This kind of education is a basic practice in 

behavioral modification and needs curriculum-based examination of standards, the determination of learning 

outcomes, and the organization of consistent material (Evans et al., 2021; Mannion & Griffin, 2018; Martinho 

et al., 2022).  

Augmented Reality Platform 

AR is a sort of mixed reality (MR) technology that encompasses both the physical and virtual worlds. As 

seen in the Figure 2, the simplest method to observe an MR environment is one in which real-world and 

virtual-world items are presented simultaneously on a single display, that is, anywhere along the virtuality 

continuum (Milgram & Kishino, 1994). AR applications combine the physical and virtual by extending the 

virtual into the real world. AR interpolates between the real and virtual worlds by comparing the continuum 

of “virtuality” to the X-axis and then projecting the “X-axis” to the Y-axis (Mediality). It might mediate and 

manipulate reality through head-mounted or wearable technologies (Mann et al., 2018). Using a camera view 

or a smartphone, AR may easily merge the actual environment with virtual items. So that both the actual and 
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virtual worlds may be experienced concurrently, computer-generated material is added to or integrated 

inside the real world (Dunleavy & Dede, 2014; Izzaty et al., 2019). 

AR can serve as an interactive medium with computer-generated elements that display 2D visuals, 3D 

models, or VDO experiences over the learners’ vision of the actual world, according to a broad perspective of 

AR technology (Jasche et al., 2021). AR is primarily divided into two types based on its technological 

characteristics: marker-based AR and markerless AR. AR may be divided into four categories under the 

markerless category: location-based AR, projection-based AR, superimposition/overlay AR, and 

outlining/contour AR (da Silva et al., 2019; Jasche et al., 2021). Location-based AR merges smart device location 

capabilities and GPS to overlay pertinent information on the screen. In a physical setting, projection-based AR 

puts digital representations onto actual things. Superimposition AR imposes a partial or complete 

replacement of an object’s initial view with an updated, augmented view of that object, as many perspectives 

or more pertinent information of the target item. Outlining/contour AR provides outlining of objects such as 

limits and lines (da Silva et al., 2019; Dunleavy & Dede, 2014; Jasche et al., 2021). 

Regarding AR in education, the New Media Consortium (NMC) announced at the early 2017 horizon in K-

12 that Nordic schools have prioritized MR, which includes virtual reality and AR (Cheng, 2016). The 

collaboration recommended research in AR to promote educational comprehension and application 

(Dunleavy et al., 2009) and to ensure the appropriate use of technology in K-12 settings (Radu, 2012). A survey 

of studies conducted between 2017 and 2019 identified four classes of educational AR applications:  

(1) discovery-based learning (DBL), providing additional real-world places such as museums, astronomical 

education, and historical sites,  

(2) object modelling (OM), providing different viewpoints of an object illustrated in 2D for specific tasks or 

skills visually trained as hardware and mechanical maintenance, which drastically reduces operating 

costs,  

(3) psychological learning outcomes, including learners’ state of mind, motivation, engagement, 

concentration, and satisfies learners’ needs, and  

(4) game-based learning (GBL), which elevates to another level of engagement by significantly bringing 2D 

objects to life in the archaeology, history, anthropology, and geography disciplines (Majeed & Ali, 2020). 

In addition, comprehensive literature reviews of 45 publications published between 2009 and 2017 and 

indexed by the IEEE, ACM, and ScienceDirect databases have been done on the potential educational use of 

AR. More than 50% of the research examined the effect of AR on knowledge retention or performance, with 

50% examining its utility. These studies also discovered that basic AR book apps increase student motivation, 

engagement, and satisfaction. Several research examined the impact of AR on academic success. AR 

decreases mental load and aids in knowledge retention, hence facilitating cognitive activities in higher-order 

thinking, such as analysis and critical thinking (da Silva et al., 2019). 

AR also contributes to the student-centered idea of collaborative learning by enhancing the visual 

attractiveness and interactivity of learner presentations. For example, mobile augmented reality (MAR) installs 

a camera phone that enables learners to gather pertinent information from paper and transform it into 

interactive LXs. The selection and design of significant multimedia superimposed on real-world items add to 

the learning process and serve as expanded material to speed, prompt, and stimulate the LX. Reading with 

images and sounds increases language abilities, according to research and practice (Braud et al., 2020). 

 

Figure 2. Simplified representation of a “virtuality continuum” (Milgram & Kishino, 1994) 
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According to the findings of the aforementioned studies, it has been determined that AR is applied in the 

field of education for a variety of subjects and functions. According to the findings of this research, AR 

technologies have the potential to improve pupils’ reading abilities. The primary objectives of this research 

are to create an AR-reading platform that is suitable for this purpose, and to investigate the degree to which 

it is effective. Essentially, the study will strive to address the following research questions: 

1. What are the experts’ suggestions for creating the conceptual basis of the AR-reading platform:  

a. words to be taught,  

b. activities to be used, and 

c. what are the teaching approaches to be used in the implementation process? 

2. Comparing the features of the top-ten Thai reading apps.  

3. What is the effect of the AR-reading platform on the reading skills of third-grade students? 

METHODOLOGY 

This study uses an approach known as research design (R&D), to analyze the views of learners on an 

educational product or process that was designed and then put into practice. An AR-reading platform is going 

to be developed as part of this research project. Components of this platform will include an AR application, 

multimedia worksheets, and an analytical learning system. A cycle of research and development may be 

thought of as having three distinct phases (as shown in Figure 3). 

Research Phase 

The primary objective of this stage is to establish a conceptual framework and data gathering procedure 

based on professional perspectives on the materials and procedures planned for use in the model’s 

development. 

AR-reading platform’s conceptual architecture included a series of worksheets supported by multimedia 

and an AR application for reading practices. The AR-reading platform design is then decided as an algorithm 

of an analytic learning system so that reading activity data may be gathered and processed. Individual pupils 

are assigned reading lists that are appropriate for them. 

There are four primary data gathering processes during this phase: 

1. theories and best practices in Thai education,  

2. available features of the top-ten Thai reading apps, 

3. in-depth interviews with 21 Thai teaching and instructional technology experts about the AR-reading 

platform design, and  

4. focus group with experts for the storyboard/blueprint of the AR-reading platform, which includes 

reading worksheets, an AR application with augmented multi-media design, and an analytic learning 

system. 

 

Figure 3. Research and development process (Source: Authors’ own elaboration) 
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For the data analysis, subject matter experts examined the instruments for the quality of reading exercises 

and test items, assigning validity ratings that measure certain characteristics. Validation by professionals 

utilizing the item objective congruence (IOC) metric yielded reading scores. 

Development Phase 

The primary goal of this phase is to build software based on the AR-reading platform blueprint. It is also 

the stage of technological progress. During this stage, the LX and learning interface (LI) are also designed. 

The alpha-test was administered to a group of 20 third-grade pupils as part of the data collection process. 

The application’s technical difficulties have been identified. It was established what the students’ general 

experiences with the application were. In addition, the application was required to analyze characteristics 

such as font size, sound quality, text appropriateness, and animation clarity. 

At this point in the data analysis, the general perspectives of the students were examined as content. 

Implementation Phase 

This phase’s purpose is to assess the effectiveness of the AR-reading platform on student reading. The 

researcher utilized a strategy of selective sampling from schools provided by the National Testing Committee 

to represent the average range of top and lowest reading performance scores in the Central and Northeastern 

regions of Thailand. The volunteer sampling group of 126 students from four classrooms at two schools 

utilized the AR-reading platform for roughly 30-minute sessions daily in class or beyond regular school hours 

for six weeks. 91 out of 126 students sat the placement examination. 32 of the 91 pupils who took the exam 

were included in the therapy procedure because they were unable to acquire satisfactory results. These 32 

students’ exam scores form the basis of the study’s data. 

In the data analysis, comparisons were done between the students’ pre- and post-test performance in 

reading aloud and reading comprehension. Prior to the inferential analysis, the normal distribution of the 

measurements was calculated. To maintain the normal distribution, the skewness and kurtosis values were 

analyzed. According to Kim (2013), if absolute z-scores for either skewness or kurtosis are greater than 1.96 

for small samples (n<50), then reject the null hypothesis and conclude that the sample distribution is non-

normal. On the basis of Table 1’s data, it is presumed that the measurements follow a normal distribution. 

For statistical analysis, the paired sample t-test was used. 

RESULTS 

Part I: The Research (R1): Survey, Interview, and Focus Group for the AR-Reading Platform 

Working Concept 

The data obtained as a result of working with the experts were presented as a whole. 

1. In general, the reading-aloud strategy is used to promote phonemics and word identification in Thai 

reading education. By reading from a traditional Thai book, the reader must comprehend both the 

explicit and implicit meanings of each sentence. 

2. The top-ten media for teaching Thai, mostly for Thai language learners. The YouTube channel only 

features a small number of teaching resources created by Thai language instructors. The teaching 

method used in the media was similar to the one used in the classroom; it gave pupils the opportunity 

to practice and repeat the right pronunciation at their own paces. The majority of interactive self-

learning programs are available on standalone, for-profit DVDs. 

Table 1. Skewness and kurtosis of the measurements 

 Skewness Kurtosis 

Value SE Zs Value SE Zk 

Read aloud 1 -0.07 0.41 -0.17 -1.39 0.81 -1.72 

Read aloud 2 0.02 0.41 0.06 -0.08 0.81 -0.10 

Reading comprehension 1 -0.45 0.41 -1.09 -0.76 0.81 -0.94 

Reading comprehension 2 -0.69 0.41 -1.66 0.09 0.81 0.12 
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3. The working concept of the AR-reading platform, which consists of five crucial components, was agreed 

upon by the expert focus group: 

• The required Thai vocabulary for third grade includes 36 subtopics with 30 words each, for a total 

of nine main categories and 1,080 words. 

• The AR worksheets that may be compiled into a book and made available in print or electronic form 

are the reading exercises. Reading aloud and reading comprehension are the two primary divisions 

of the learning activities. The reading-aloud practice offers key words derived from each student’s 

pre-reading assessments. The read-aloud session’s word list serves as a guide for the stories that 

will be read. Each reading story is accompanied by one or two insightful images. 

• The multimedia component displays 2D, 3D, animation, still images, visual graphics, and visual 

effects in accordance with how readable the provided word drills are. In “view master” mode, the 

multimedia shows a trio of panels painting cartoons. In each section, students engage in virtual 

push and click interactions. This activity, which is based on behaviorist theory, encourages students 

to recall knowledge and identify ideas through cues given during the exercise. 

• The worksheets/books in the multimedia material are extended by the AR application over the 

actual worksheets/books. Motion graphics are used in the reading-aloud activity to highlight visual 

components, and music is used to inspire children to practice lists of active words with phonics and 

meaning. Use the AR program to project images onto the worksheet or page in the book to aid in 

reading comprehension. When the text and static images become animated, they direct students 

to a three-panel cartoon drawing that serves as a “view master” and (i) follows a timeline, (ii) enables 

students to get a closer look at the environment and objects, and (iii) starts simulated situations in 

which students interact with the virtual environment based on the context in the reading.  

• The algorithm used by the learning analytics software to assess and control the learning process 

determines the learner’s reading proficiency before the learning process even begins. For instance, 

the algorithm analyzes and transforms information such as learner interactions, reading speed, 

quiz scores, and mistake counts into input data. The formula and quantitative assessment are used 

by the algorithm to determine, which treatments best fit the learners’ capacity to reach the goal 

reading competency. In order to precisely track each learner’s demands and follow their progress 

as readers, the quantitative measure of learners’ reading ability should be provided as chart. 

4. The reading resources for the third grade in Thailand include phonics and reading comprehension and 

include nine categories and 1,080 words of Thai index vocabulary. The worksheets are automatically 

generated by the system and are available for printing or reading online. For the program’s words and 

storylines, the acceptable IOC of the 21 expert judgments is.85. 

The AR-reading platform presented in this design study is built on a cognitive process that links words, 

pictures, sounds, and made-up scenarios under the PWIM. Additionally, the teaching approach made use of 

precision instruction (PI), a repeated method that helps students organize their cognitive model. Figure 4’s 

conceptual representation of the platform shows how phonics and understanding may be improved through 

the AR-reading platform with PWIM, which also includes interactive multimedia and narratives similar to those 

found in view-master reels. When students read and interact with the application, precise education takes 

place, and the recorded learning is shown in chart style. By creating a schema through an images mental 

model, the reading ability is accomplished. 

Part 2: The Design and Development 

Working concept model of AR-reading platform 

This research uses a learning design of AR that follows the PWIM and has animated visuals of words that 

are coordinated with sound. The cognitive schema and concept model are both theoretical concepts that form 

the basis of this research. Aside from the words and sound, a cartoon scenario delivers a tale in a view-master 

form, so establishing a mental model in a student’s mind that represents the fictitious circumstance. Students 

are presented with an advanced mental image in three different formats thanks to the learning media: 

chronological visual components, object exploration and explanation, and numerical tasks. Because of this, 
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the reading is transformed into a tangible and vivid tale, which assists young students in committing a new 

word and its context to their long-term memory. For the purpose of learning retention, students engage in a 

series of carefully planned tasks that involve drilling and repeated repetition. 

These learning strategies interact effectively with the learning analytics platform, which produces practice 

sessions that are tailored to an individual’s reading profile. The system is designed to assist students who 

have issues studying and provides sources of knowledge that are matched to each student’s profile. The 

analytical platform is responsible for delivering the learning activities and collecting the learning data that 

functions as a remedial mechanism, electronically prescribing content to an individual student in a manner 

that is precisely similar to the nature of direct instruction in order to improve reading ability. Therefore, 

mastery learning is an essential component in the process of keeping students interested in the process of 

cognitive building, which begins with the abstraction of words and the creation of meaningful visuals and 

progresses progressively toward the formation of a mental model. 

Learning experience and interface design 

Students must log in to identify themselves and create profiles before the LX via an LI design can begin. 

The profile includes the essential academic data, such as instructors and parents who will encourage reading 

and have the power to keep track of students’ academic development. A 30-minute pre-reading exam 

evaluates reading proficiency and identifies reading levels and areas that need improvement. 

After registering for the learning system, each student is given a pre-reading to complete with the guidance 

of their guardians, parents, or tutors. The assigned reading material aims to screen students’ reading ability 

and divides them into three reading proficiency levels. It then presents a set of individual reading tasks that 

are randomly chosen from nine categories and 1,080 words from the Thai index vocabulary in the phonics 

and meaning comprehension sections. There are stories about the words in the individualized phonic exercise 

that follows. Students are instructed to go through the prescribed worksheets either printed out or read from 

a digital screen display as part of the pre-reading from the diagnostic learning system. 

Once students (or teachers) or parents (or both) download the reading AR application, the program directs 

pupils to complete the prescribed worksheets or book pages that provide them access to the interactive 

learning resources. Motion graphics, together with the word, spelling, and sound for learners, appear 

animated on the screen as they lie over the image on the website as students point the camera toward the 

photos on the page. 

For the reading comprehension portion, a cover-story image links to an overview animated tale that is 

delivered frame by frame. When ready, the students read the book and respond to inquiries regarding the 

narrative. The data from and to the AR application that overlays a specific word or image on the page is 

received and sent by the AR-reading platform. After then, the platform creates a person’s unique Chart based 

on their mastery of the accuracy of teaching at that particular moment. Finally, the analysis of learning data 

directs students to advance to the subsequent level or remain for continued practice. 

 

Figure 4. Conceptual framework for AR-platform (Source: Authors’ own elaboration) 
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The technical development 

The platform consists of four main technological components: (i) a database constructed with PHP and 

JavaScript, (ii) authoring tools for 2D and 3D media created with Unity, (iii) marker-based tracking with Vuforia, 

and (iv) worksheets with pages that have been registered as markers.  

The worksheets might be read digitally or combined into a book. A set of 20 third-grade pupils were given 

the alpha exam. Technical issues with the reading worksheets’ suitable size, the sound quality, and the media 

area layered on top of the text were the main causes of the revisions. The creation of this stage, the so-called 

Beta version, assures the first-run performance following the technological improvements. 

Part 3: The Effect of the AR-Reading Platform on Students’ Reading Ability 

Thailand’s Central and Northeastern areas provided the sample population for analyzing the platform’s 

effects (Table 2). 58 kids from central region schools took the reading screen exam. The pre-reading test 

found just three kids with poor scores who need a reading improvement program, whereas 55 pupils were in 

the reading group with the highest results. 33 kids from schools in the Northeastern area took the reading 

exam; 29 students required to improve their reading skills. 33 children have consented to engage in the AR-

reading platform initiative. Students participated in the program either during or after academic hours for six 

weeks. On the platform, both the reading performance and the post-test were recorded. 

Reading aloud test 

 Figure 5 displays the reading-aloud test results of 32 kids who participated in the research.  

Table 2. Results of the reading screening test 

Number of 

students from 

two regions 

Reading aloud (pronunciation) Reading comprehension Total screen test Participate in 

remediation 

program 
Fail Pass Fail Pass Total Pass 

Central 3 55 3 55 58 55 3 

Northeastern 15 18 29 4 33 4 29 

Total students 18  32  91 59 32 
 

 

Figure 5. Pre-post reading aloud test score for each student (Source: Authors’ own elaboration) 
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They were required to read a total of 20 words. The scores in the first graph represent the number of 

properly read words by pupils. For instance, the fifth student on the pre-test could not read a single word 

properly and received no points. On the post-test, he was able to correctly read 14 words. Number 18 is one 

of the students with the highest score on the pre-test. While there are 10 accurate reading-aloud responses 

on the first exam, there are 16 on the final exam. The highest score on the post-test was 17 points. The second 

graph depicts the pupils’ success based on the most recent and initial measures. The achievement is worth 

between four and 17 points. In the reading-aloud test, every student demonstrated growth. In order to 

ascertain whether or not the development is statistically significant, a paired sample t-test was carried out 

(Table 3). 

While the average of the students was 4.97 on the pre-test, it was 13.66 on the final measurement. The 

difference between the means was 8.69. According to the results of the paired t-test (t=-16.3 and p<0.001), 

the difference between the post-test and the pre-test is statistically significant. In other words, students’ post-

test performance is higher than in the pre-test. In addition, Cohen’s d is calculated to calculate the effect size. 

Since the absolute value of d is greater than 0.8, it has a large effect size. 

The students’ reading comprehension test results are presented in Figure 6. In the first graph, students’ 

pre-test performances and post-test performances are given together. When the pre-test performances are 

examined, the scores of the students vary between one and six points. Their post-test performances range 

from three points to nine points. In the second graph, the difference between the last performance and the 

first performance of the students is graphed. Three of the students got a lower score than their first 

performance. On the other hand, positive improvement was recorded between one and eight points. In 

general, it can be said that there is a progress record. Paired sample t-test was performed to determine 

whether the differentiation was statistically significant (Table 4). 

Table 3. t-test results according to read aloud pre-post test 

Test n Mean SD t df p Cohen’s d 

Read aloud 1 32 4.97 3.36 -16.3 31 <.001 -2.89 

Read aloud 2 32 13.66 1.96 
 

 

Figure 6. Pre-post reading comprehension test score for each student (Source: Authors’ own elaboration) 
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 While the average of the students’ reading comprehension test was 4.31 in the first measurement, it was 

6.47 in the last measurement. There was an improvement of 2.16 points between measurements. According 

to the paired t-test result (t=-5.66 and p<0.001), the difference between the last measurement and the first 

measure is statistically significant. In other words, students’ reading comprehension skills have improved. 

Cohen’s d was calculated to determine the effect size. Since the absolute value of Cohen’s d is greater than 

0.8, it can be expressed as a large effect size. 

DISCUSSION 

The key aims of this study are to develop an AR-reading platform suitable for enhancing students’ reading 

skills and to assess the platform’s efficacy. In line with the recommendations of the experts, the PWIM 

approach was used. Precision teaching was preferred as the teaching approach. In vocabulary teaching, 

reading-aloud and RR strategies were used. The PWIM instructional method utilizes images as a trigger for 

language experience tasks (Joyce & Weil, 2004). PWIM has been utilized successfully in both L1 (Triwahyuni et 

al., 2020) and L2 (Gu & Lornklang, 2021; Jiang, 2018; Lee et al., 2019) instruction, particularly with lower age 

groups (Calhoun, 1999). In AR-reading platforms (Wahyuni et al., 2020), the PWIM teaching approach is 

preferred for vocabulary instruction. 

Precision teaching has been used effectively in the development of students in teaching because it 

provides performance-based measurement (Gist & Bulla, 2022). In this way, it was possible to follow the 

progress of the students individually. Precision teaching is also used for teaching vocabulary (Mannion & 

Griffin, 2018; Martinho et al., 2022). Precision teaching is used effectively on some AR-reading platforms 

(Wang, 2021; Y. Wu et al., 2019). Reading aloud and RR are the preferred strategies for teaching vocabulary in 

both electronic especially AR (Alqahtani, 2020; Santosa et al., 2021; Yuan, 2021) and non-electronical sources 

(Ardoin et al., 2013; Triwahyuni et al., 2020; Urquhart & Weir, 1998). 

The word groups, pictures, and animations to be taught should be suitable for the level of the student. 

Necessary improvements were made with the opinions of the experts and the feedback obtained in the alpha 

version. The intrinsic properties of AR, including direct interaction, virtual and 3D aspects, and the mixing of 

3D virtual elements with real-world elements (Kesim & Ozarslan, 2012; Redondo et al., 2014). According to 

Santosa et al. (2021), word frequency and word-building capacity are key criteria in the standard vocabulary 

selection on AR data. 

The effect of AR-reading platform on students’ reading skills was discussed in two dimensions. The first is 

the correct reading of the words. According to the experimental study results, students’ post-reading scores 

are higher than their first-reading scores. In the second dimension, reading comprehension competencies 

were measured. The improvement in students’ reading comprehension proficiency is also statistically 

significant. There are studies in which AR-reading platform is used to improve students’ reading skills and the 

results are effective (Cheng, 2016; Jamshidifarsani et al., 2019; Majeed & Ali, 2020; Wahyuni et al., 2020; P. Wu 

et al., 2018). 

CONCLUSION 

The primary objectives of this research are to (i) design an AR-reading platform that is appropriate for 

improving students’ reading skills and (ii) evaluate the effectiveness of the platform. The PWIM strategy was 

implemented as a result of the recommendations made by the professionals. The method of instruction 

known as precision teaching was the one that was favored. Reading aloud and RR were two of the tactics 

utilized in the process of teaching vocabulary. The results of the experimental investigation indicate that the 

students’ scores after finishing the reading are higher than the scores they received after the first reading. 

Table 4. Paired-sample t-test results according to reading comprehension pre-post test 

Test n Mean SD t df p Cohen’s d 

Reading comprehension 1 32 4.31 1.42 -5.66 31 <.001 -1.00 

Reading comprehension 1 32 6.47 1.61 
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Reading comprehension skills were evaluated according to the second factor of the study. The pupils’ overall 

comprehension of what they are reading has also significantly improved. 

It is recommended that educators who are interested in using the AR-reading platform utilize the 

application on a consistent basis. It is recommended that researchers who wish to establish an AR-reading 

platform first determine the demands of the target audience, and then carry out the development process 

together with field experts after the needs have been determined. In the future, researchers will be able to 

construct studies that can leverage this already developed platform with a variety of student populations. In 

addition, the execution of longitudinal research will provide a lot of information regarding the efficiency of 

the platform. The fact that just a limited number of people participated in the study is the primary drawback 

of the investigation. The data were acquired through a quasi-experimental approach, which is another 

drawback of the research. 

Author contributions: JN: conceptual framework; data collection, analysis, and interpretation; and drafting the article 

& SS: Co-conceptual framework; organizing data collection, consulting analysis, and interpretation; and critical revision 

of the article. All authors approved the final version of the article. 

Funding: This research was financially supported by the National Research Council Grant no NR.HS.(H)(PH)/788/2563, 

and under the research mission of Disruptive Innovation Technology in Education Research Unit no. GRU6407727007-

1, Chulalongkorn University. 

Ethics declaration: Authors declared that the Research Ethics Review Committee for research involving human 

subjects, based on Declaration of Helsinki, the Belmont report, CIOMS guidelines and the principle of the international 

conference on harmonization-Good clinical practice (ICH-GCP), Chulalongkorn University has approved the execution 

of the research project COA No.138/2564. 

Declaration of interest: Authors declare no competing interest. 

Data availability: Data generated or analyzed during this study are available from the authors on request. 

REFERENCES 

Alqahtani, S. S. (2020). iPad and repeated reading to improve reading comprehension for young adults with 

intellectual disability. Research in Developmental Disabilities, 103(October 2019), 103703. 

https://doi.org/10.1016/j.ridd.2020.103703  

An, S. (2013). Schema theory in reading. Theory and Practice in Language Studies, 3(1), 130-134. 

https://doi.org/10.4304/tpls.3.1.130-134  

Ardoin, S. P., Morena, L. S., Binder, K. S., & Foster, T. E. (2013). Examining the impact of feedback and repeated 

readings on oral reading fluency: Let’s not forget prosody. School Psychology Quarterly, 28(4), 391-404. 

https://doi.org/10.1037/spq0000027  

Bellinger, J. M., & DiPerna, J. C. (2011). Is fluency-based story retelling a good indicator of reading 

comprehension? Psychology in the Schools, 48(4), 416-426. https://doi.org/10.1002/pits.20563  

Bower, M., Howe, C., McCredie, N., Robinson, A., & Grover, D. (2014). Augmented reality in education-cases, 

places, and potentials. Educational Media International, 51(1), 1-15. https://doi.org/10.1080/09523987. 

2014.889400  

Braud, T., Zhou, P., Kangasharju, J., & Hui, P. (2020). Multipath computation offloading for mobile augmented 

reality. In Proceedings of the 18th Annual IEEE International Conference on Pervasive Computing and 

Communications. https://doi.org/10.1109/PerCom45495.2020.9127360  

Calhoun, E. F. (1999). Teaching beginning reading and writing with the picture word inductive model. ASCD. 

Carreiras, M., Armstrong, B. C., Perea, M., & Frost, R. (2014). The what, when, where, and how of visual word 

recognition. Trends in Cognitive Sciences, 18(2), 90-98. https://doi.org/10.1016/j.tics.2013.11.005  

Carrell, P. L. (1984). Evidence of a formal schema in second language comprehension. Language Learning, 34(2), 

87-108. https://doi.org/10.1111/j.1467-1770.1984.tb01005.x  

Chara, C. (2013). Learning development with bi-lingual AR and group process to enhance listening and speaking 

skills of kindergarten. KMTT Thonburi. 

Cheng, K. (2016). Reading an augmented reality book: An exploration of learners’ cognitive load, motivation, 

and attitudes. Australasian Journal of Educational Technology, 33(4), 53-69. https://doi.org/10.14742/ajet. 

2820  

https://doi.org/10.1016/j.ridd.2020.103703
https://doi.org/10.4304/tpls.3.1.130-134
https://doi.org/10.1037/spq0000027
https://doi.org/10.1002/pits.20563
https://doi.org/10.1080/09523987.2014.889400
https://doi.org/10.1080/09523987.2014.889400
https://doi.org/10.1109/PerCom45495.2020.9127360
https://doi.org/10.1016/j.tics.2013.11.005
https://doi.org/10.1111/j.1467-1770.1984.tb01005.x
https://doi.org/10.14742/ajet.2820
https://doi.org/10.14742/ajet.2820


 

Nasongkhla & Sujiva 

14 / 16 Contemporary Educational Technology, 15(1), ep403 

 

Cotter, J. (2012). Understanding the relationship between reading fluency and reading comprehension: 

Fluency strategies as a focus for instruction. Education Masters. https://fisherpub.sjfc.edu/education_ETD 

_masters/224  

da Silva, M. M. O., Teixeira, J. M. X. N., Cavalcante, P. S., & Teichrieb, V. (2019). Perspectives on how to evaluate 

augmented reality technology tools for education: A systematic review. Journal of the Brazilian Computer 

Society, 25(1), 3. https://doi.org/10.1186/s13173-019-0084-8  

Debue, N., & van de Leemput, C. (2014). What does germane load mean? An empirical contribution to the 

cognitive load theory. Frontiers in Psychology, 5(October), 1-12. https://doi.org/10.3389/fpsyg.2014.01099  

Downs, J., & Morin, S. (1995). Improving reading fluency with precision teaching. Journal Precision Teaching, XII, 

46-49. 

Dunleavy, M., & Dede, C. (2014). Augmented reality teaching and learning. In J. M. Spector, M. D. Merrill, J. Elen, 

& M. J. Bishop (Eds.), Handbook of research on educational communications and technology (pp. 735-745). 

Springer. https://doi.org/10.1007/978-1-4614-3185-5_59  

Dunleavy, M., Dede, C., & Mitchell, R. (2009). Affordances and limitations of immersive participatory 

augmented reality simulations for teaching and learning. Journal of Science Education and Technology, 

18(1), 7-22. https://doi.org/10.1007/s10956-008-9119-1  

Evans, A. L., Bulla, A. J., & Kieta, A. R. (2021). The precision teaching system: A synthesized definition, concept 

analysis, and process. Behavior Analysis in Practice, 14(3), 559-576. https://doi.org/10.1007/s40617-020-

00502-2  

Gist, C., & Bulla, A. J. (2022). A systematic review of frequency building and precision teaching with school-

aged children. Journal of Behavioral Education, 31(1), 43-68. https://doi.org/10.1007/s10864-020-09404-3  

Grabe, W. (2004). Research on teaching reading. Annual Review of Applied Linguistics, 24, 44-69. 

https://doi.org/10.1017/s0267190504000030  

Gu, C., & Lornklang, T. (2021). The use of picture-word inductive model and readers’ theater to improve 

Chinese EFL learners’ vocabulary learning achievement. Advances in Language and Literary Studies, 12(3), 

120. https://doi.org/10.7575/aiac.alls.v.12n.3.p.120  

Ibili, E. (2019). Effect of augmented reality environments on cognitive load: Pedagogical effect, instructional 

design, motivation, and interaction interfaces. International Journal of Progressive Education, 15(5), 42-57. 

https://doi.org/10.29329/ijpe.2019.212.4  

Izzaty, S., Tolle, H., Dermawi, R., & Permana, F. (2019). Augmented reality objects design in augmented story 

book mobile application for better engagement. International Journal of Electrical and Computer 

Engineering, 9(1), 570. https://doi.org/10.11591/ijece.v9i1.pp570-576  

Jamshidifarsani, H., Garbaya, S., Lim, T., Blazevic, P., & Ritchie, J. M. (2019). Technology-based reading 

intervention programs for elementary grades: An analytical review. Computers & Education, 128, 427-451. 

https://doi.org/10.1016/j.compedu.2018.10.003  

Jasche, F., Hofmann, S., & Ludwig, T. (2021). Comparison of different types of augmented reality visualizations 

for instructions. In Proceedings of the Conference on Human Factors in Computing Systems. 

https://doi.org/10.1145/3411764.3445724  

Jiang, X. (2018). Exploring young English learners’ perceptions of the picture word inductive model in China. 

TESOL International Journal, 13(1), 67-78. 

Jones, N. A., Ross, H., Lynam, T., Perez, P., & Leitch, A. (2011). Mental models: An interdisciplinary synthesis of 

theory and methods. Ecology and Society, 16(1), 1-16. https://doi.org/10.5751/ES-03802-160146 

Joyce, B., & Weil, M. (2004). The picture-word inductive model: Developing literacy across the curriculum. In B. 

Joyce, & M. Weil (Eds.), Models of teaching. Pearson. 

Kafipour, R., Jahansooz, N., Branch, M., Road, S., & Fars, P. (2017). Effect of content schema, vocabulary 

knowledge, and reading comprehension on translation performance. Indonesian EFL Journal: Journal of 

ELT, Linguistics, and Literature, 3(1), 22-39. 

Kerawalla, L., Luckin, R., Seljeflot, S., & Woolard, A. (2006). “Making it real”: Exploring the potential of 

augmented reality for teaching primary school science. Virtual Reality, 10(3-4), 163-174. 

https://doi.org/10.1007/s10055-006-0036-4  

Kesim, M., & Ozarslan, Y. (2012). Augmented reality in education: Current technologies and the potential for 

education. Procedia-Social and Behavioral Sciences, 47(222), 297-302. https://doi.org/10.1016/j.sbspro. 

2012.06.654  

https://fisherpub.sjfc.edu/education_ETD_masters/224
https://fisherpub.sjfc.edu/education_ETD_masters/224
https://doi.org/10.1186/s13173-019-0084-8
https://doi.org/10.3389/fpsyg.2014.01099
https://doi.org/10.1007/978-1-4614-3185-5_59
https://doi.org/10.1007/s10956-008-9119-1
https://doi.org/10.1007/s40617-020-00502-2
https://doi.org/10.1007/s40617-020-00502-2
https://doi.org/10.1007/s10864-020-09404-3
https://doi.org/10.1017/s0267190504000030
https://doi.org/10.7575/aiac.alls.v.12n.3.p.120
https://doi.org/10.29329/ijpe.2019.212.4
https://doi.org/10.11591/ijece.v9i1.pp570-576
https://doi.org/10.1016/j.compedu.2018.10.003
https://doi.org/10.1145/3411764.3445724
https://doi.org/10.5751/ES-03802-160146
https://doi.org/10.1007/s10055-006-0036-4
https://doi.org/10.1016/j.sbspro.2012.06.654
https://doi.org/10.1016/j.sbspro.2012.06.654


 

 Contemporary Educational Technology, 2023 

Contemporary Educational Technology, 15(1), ep403 15 / 16 

 

Kim, H.-Y. (2013). Statistical notes for clinical researchers: Assessing normal distribution (2) using skewness 

and kurtosis. Restorative Dentistry & Endodontics, 38(1), 52. https://doi.org/10.5395/rde.2013.38.1.52  

Lee, B. C., Pandian, A., Rethinasamy, S., & Tan, D. A. L. (2019). Effects of PWIM in the ESL classroom: Vocabulary 

knowledge development among primary Malaysian learners. 3L: Language, Linguistics, Literature, 25(4), 

179-197. https://doi.org/10.17576/3L-2019-2504-11  

Majeed, Z. H., & Ali, H. A. (2020). A review of augmented reality in educational applications. International Journal 

of Advanced Technology and Engineering Exploration, 7(62), 20-27. https://doi.org/10.19101/IJATEE.2019. 

650068  

Mannion, L., & Griffin, C. (2018). Precision teaching through Irish: Effects on isolated sight word reading fluency 

and contextualized reading fluency. Irish Educational Studies, 37(3), 391-410. https://doi.org/10.1080/ 

03323315.2017.1421090  

Martinho, M. T., Booth, N., Attard, N., & Dillenburger, K. (2022). A systematic review of the impact of precision 

teaching and fluency-building on teaching children diagnosed with autism. International Journal of 

Educational Research, 116(March), 102076. https://doi.org/10.1016/j.ijer.2022.102076  

Mata, L., Mackaaij, M. J., & Calado, M. (2020). Emotional responses to reading in the first grade-the “L.E.R. 

cãofiante” * project. Psico-USF, 25(2), 321-330. https://doi.org/10.1590/1413-82712020250210  

McInnes, M. D. F., Moher, D., Thombs, B. D., McGrath, T. A., Bossuyt, P. M., Clifford, T., Cohen, J. F., Deeks, J. J., 

Gatsonis, C., Hooft, L., Hunt, H. A., Hyde, C. J., Korevaar, D. A., Leeflang, M. M. G., Macaskill, P., Reitsma, J. 

B., Rodin, R., Rutjes, A. W. S., Salameh, J. P., …, & Willis, B. H. (2018). Preferred reporting items for a 

systematic review and meta-analysis of diagnostic test accuracy studies: The PRISMA–DTA statement. 

JAMA-Journal of the American Medical Association, 319(4), 388-396. https://doi.org/10.1001/jama.2017. 

19163  

Milgram, P., & Kishino, F. (1994). A taxonomy of mixed reality visual displays. IEICE Transactions on Information 

and Systems, 12, 1-14. 

Moghadam, S. H., Zainal, Z., & Ghaderpour, M. (2012). A review on the important role of vocabulary knowledge 

in reading comprehension performance. Procedia-Social and Behavioral Sciences, 66, 555-563. 

https://doi.org/10.1016/j.sbspro.2012.11.300  

Na-songkhla, J. (2011). An effect of interactive media in a social awareness ubiquitous learning community. In 

Proceedings of the International Conference on Lifelong Learning (pp. 1-24). 

Nasongkhla, J., Supadaec, C., & Chiasiriphan, T. (2019). Implementing multiple AR markers in learning science 

content with junior high school students in Thailand. International Journal of Emerging Technologies in 

Learning, 14(7), 48-60. https://doi.org/10.3991/ijet.v14i07.9855  

National Reading Panel. (2000). Report of the National Reading Panel: Teaching children to read. 

https://www.nichd.nih.gov/publications/pubs/nrp/smallbook  

OECD. (2019). PISA 2018 results: Combined executive summaries: Vol. I. www.oecd.org/about/publishing/ 

corrigenda.htm  

Pariyawatit, P. (2015). Effect of AR on basic Chinese vocabulary for grade 3rd students, Tanisamosorn Municipal. 

Prince Songkhla University. 

Pearson, P. D., & Cervetti, G. (2013). The psychology and pedagogy of reading processes. In W. Reynolds, & G. 

Miller (Eds.), Educational psychology, V. VII, of handbook of psychology (pp. 507-554). John Wiley & Sons. 

Potts, L., Eshleman, J. W., & Cooper, J. 0. (1993). Ogden R. Lindsley and the historical development of precision 

teaching. The Behavior Analyst, 16(2), 177-189. https://doi.org/10.1007/BF03392622 

Radu, I. (2012). Why should my students use AR? A comparative review of the educational impacts of 

augmented-reality. In Proceedings of the 11th IEEE International Symposium on Mixed and Augmented Reality 

(pp. 313-314). https://doi.org/10.1109/ISMAR.2012.6402590  

Rasinski, T. V. (2006). A brief history of reading fluency. In S. J. Samuels, & A. E. Farstup (Eds.), What research 

has to say about fluency instruction (pp. 70-93). International Reading Association. 

Redondo, E., Valls, F., Fonseca, D., Navarro, I., Villagrasa, S., Olivares, A., & Peredo, A. (2014). Educational 

qualitative assessment of augmented reality models and digital sketching applied to urban planning. In 

Proceedings of the 2nd International Conference on Technological Ecosystems for Enhancing Multiculturality 

(pp. 447-454). https://doi.org/10.1145/2669711.2669938  

https://doi.org/10.5395/rde.2013.38.1.52
https://doi.org/10.17576/3L-2019-2504-11
https://doi.org/10.19101/IJATEE.2019.650068
https://doi.org/10.19101/IJATEE.2019.650068
https://doi.org/10.1080/03323315.2017.1421090
https://doi.org/10.1080/03323315.2017.1421090
https://doi.org/10.1016/j.ijer.2022.102076
https://doi.org/10.1590/1413-82712020250210
https://doi.org/10.1001/jama.2017.19163
https://doi.org/10.1001/jama.2017.19163
https://doi.org/10.1016/j.sbspro.2012.11.300
https://doi.org/10.3991/ijet.v14i07.9855
https://www.nichd.nih.gov/publications/pubs/nrp/smallbook
http://www.oecd.org/about/publishing/corrigenda.htm
http://www.oecd.org/about/publishing/corrigenda.htm
https://doi.org/10.1007/BF03392622
https://doi.org/10.1109/ISMAR.2012.6402590
https://doi.org/10.1145/2669711.2669938


 

Nasongkhla & Sujiva 

16 / 16 Contemporary Educational Technology, 15(1), ep403 

 

Samuels, S. J. (2013). Toward a theory of automatic information processing in reading, revisited. In D. E. 

Alvermann, N. J. Unrau, & R. B. Ruddell (Eds.), Theoretical models and processes of reading (pp. 698-718). 

International Reading Association. https://doi.org/10.1598/0710.28 

Santosa, I., Nurkhamidah, N., & Wulandari, R. (2021). Identifying the criteria of designing augmented reality 

for vocabulary learning in primary school. Jurnal Ilmu Sosial Dan Pendidikan [Journal of Social Sciences and 

Education], 5(4), 1553-1561. https://doi.org/10.36312/jisip.v5i4.2634  

Spencer, C. (2006). Research on learners’ preferences for reading from a printed text or from a computer 

screen. Journal of Distance Education, 21(1), 33-50. 

Srithamma, S., & Songserm, U. (2020). The development of reading and writing word spelling abilities of the 

first grade students taught by learning PWIM and mind mapping. Silpakorn Educational Research Journal, 

12(1), 266-280. 

Thai National Reading Committee. (2010). Thai phonics (teaching manual). http://academic.obec.go.th/ 

newsdetail.php?id=251  

Thailand National Statistical Office. (2019). The reading of population survey 2018. http://www.nso.go.th/sites/ 

2014en/home  

Triwahyuni, E., Degeng, I. N. S., Setyosari, P., & Kuswandi, D. (2020). The effects of picture word inductive model 

(PWIM) toward student’s early reading skills of first-grade in the primary school. Elementary Education 

Online, 19(3), 1523-1526. https://doi.org/10.17051/ilkonline.2020.733100  

Troscianko, E. T. (2013). Reading imaginatively: The imagination in cognitive science and cognitive literary 

studies. Journal of Literary Semantics, 42(2), 181-198. https://doi.org/10.1515/jls-2013-0009  

Tyng, C. M., Amin, H. U., Saad, M. N. M., & Malik, A. S. (2017). The influences of emotion on learning and 

memory. Frontiers in Psychology, 8. https://doi.org/10.3389/fpsyg.2017.01454  

Urquhart, A. H., & Weir, C. J. (1998). Reading in a second language. In R. B. Kaplan (Ed.), The Oxford handbook 

of applied linguistics. Routledge. https://doi.org/10.4324/9781315841373  

Wahyuni, T., Degeng, I. N. S., Widiati, U., & Setyosari, P. (2020). Designing AR based PWIM to promote students’ 

English vocabulary in the higher education of Indonesia. Universal Journal of Educational Research, 8(12B), 

8052-8062. https://doi.org/10.13189/ujer.2020.082606  

Wang, K. (2021). A theoretical analysis method of spatial analytic geometry and mathematics under digital 

twins. Advances in Civil Engineering, 2021(2018), 1-14. https://doi.org/10.1155/2021/8910274  

West, R., Young, K. R., & Spooner, F. (1995). Precision teaching: An Iintroduction. Journal of Precision Teaching, 

12(2), 2-8. 

Wu, P., Fan, K.-Y., Chinag, H.-K., Wu, F. C., & Liu, P.-C. (2018). The influence of applying augmented reality to a 

pop-up book on creative thinking. The International Journal of Arts Education, 13(2), 35-44. 

https://doi.org/10.18848/2326-9944/CGP/v13i02/35-44  

Wu, Y., Guo, S., & Zhu, L. (2019). Design and implementation of data collection mechanism for 3D design 

course based on xAPI standard. Interactive Learning Environments, 0(0), 1-18. 

https://doi.org/10.1080/10494820.2019.1696842  

Yuan, Y. (2021). An experimental study of the efficacy of augmented reality in Chinese kindergarten-level 

students’ learning of English vocabulary. In Proceedings of the 13th International Conference on Education 

Technology and Computers (pp. 90-98). https://doi.org/10.1145/3498765.3498779  

Zarei, A. A. (2012). The effects of content, formal, and linguistic schema building activity types on EFL reading 

and listening comprehension. Teaching English Language, 6(2), 79-101. 

 

 

❖ 

https://doi.org/10.1598/0710.28
https://doi.org/10.36312/jisip.v5i4.2634
http://academic.obec.go.th/newsdetail.php?id=251
http://academic.obec.go.th/newsdetail.php?id=251
http://www.nso.go.th/sites/2014en/home
http://www.nso.go.th/sites/2014en/home
https://doi.org/10.17051/ilkonline.2020.733100
https://doi.org/10.1515/jls-2013-0009
https://doi.org/10.3389/fpsyg.2017.01454
https://doi.org/10.4324/9781315841373
https://doi.org/10.13189/ujer.2020.082606
https://doi.org/10.1155/2021/8910274
https://doi.org/10.18848/2326-9944/CGP/v13i02/35-44
https://doi.org/10.1080/10494820.2019.1696842
https://doi.org/10.1145/3498765.3498779

	INTRODUCTION
	THEORETICAL BACKGROUND
	Teaching Reading
	Augmented Reality Platform

	METHODOLOGY
	Research Phase
	Development Phase
	Implementation Phase

	RESULTS
	Part I: The Research (R1): Survey, Interview, and Focus Group for the AR-Reading Platform Working Concept
	Part 2: The Design and Development
	Working concept model of AR-reading platform
	Learning experience and interface design
	The technical development

	Part 3: The Effect of the AR-Reading Platform on Students’ Reading Ability
	Reading aloud test


	DISCUSSION
	CONCLUSION
	REFERENCES

