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1. INTRODUCTION

Early childhood education is important for cognitive development and influences educational
performance, especially reading proficiency. Studies by [1], [2] highlight the profound effect of early
learning experiences on children’s reading skills and cognitive development, hence improving their
performance in early education. According to studies by [3], [4], children’s inherent curiosity during their
formative years drives them to explore their surroundings and engage with adults, facilitating a natural
process of learning. This early development phase is characterised by crucial brain development that
enhances key cognitive functions such as attention, memory, executive skills, and language [5], [6].
Increasing screen-based media exposure during this developmental phase introduces significant factors that
can affect children’s optimal functional and overall development.

Neuroplasticity, as described by [7], highlights the brain’s adaptability during development, where
positive experiences promote learning and cognitive progress, while negative experiences may hinder
cognitive growth. In today’s digital ecosystem, mobile devices and interactive applications have become
important aspects of children’s lives, significantly influencing their development [8], [9]. Approximately
75% of children have access to smartphones or tablets [10], making educational applications an essential
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component of modern educational practices [11]. A wide range of programs focuses on fundamental life
skills such as reading and speaking [12]. Recognising the importance of acquiring reading and speaking skills
in early childhood, this study aims to develop an educational application focused on spelling, incorporating
speech recognition to monitor progress and augmented reality (AR) to improve engagement [13]. This
provides a foundation for analysing the convergence of early childhood education, screen-based media, and
innovative educational tools. The proposed spelling application is designed to address young learners’
developmental needs and technology preferences by utilising AR and speech recognition to offer an engaging
and effective educational experience.

2. RESEARCH METHOD

The fundamental skills of reading, writing, and speaking form an important foundation in a child’s
development, enabling knowledge acquisition as they advance through their education [14], [15]. These skills
are frequently developed naturally through interaction with caregivers and the surrounding environment.
However, the widespread use of mobile phones among children has raised concerns, as technology often
replaces outdoor play and face-to-face communication, potentially affecting their overall development [16].
In response to these challenges, adapting teaching and learning methodologies to align with the digital age
has become imperative. Interactive educational tools such as games, applications, and movies provide
valuable learning opportunities, even during children’s engagement with electronic devices [17]. While
excessive smartphone usage might adversely impact learning outcomes, research indicates that utilising these
devices for educational reasons can have beneficial consequences [18].

The increasing focus on developing educational applications that integrate modern teaching
strategies, such as those targeting reading, writing, speaking, and problem-solving skills, highlights the
necessity for innovative approaches [11], [19]. A proposed method involves the integration of AR into
educational applications, specifically designed to enhance reading and spelling skills. The interactive and
immersive features of AR engage learners, providing a unique educational experience. The integration of AR
with reading and spelling instruction represents a revolutionary advancement in the world of education,
improving interactivity, engagement, and dynamism in the learning process [20].

AR enhances the reading experience by animating characters and scenes, consequently improving
comprehension and fostering a higher enthusiasm for literature [21]. In spelling education, AR revolutionizes
the learning process by incorporating interactive games that engage learners in immersive experiences [22].
This technology enables users to interact and navigate artificial three-dimensional (3D) environments in real-
time, replicating actual or alternative scenarios. Research indicates that integrating AR into educational
applications enhances learning outcomes compared to traditional methods, providing more engaging and
immersive educational experiences [23], [24]. Incorporating AR into reading and spelling instruction can
transform traditional teaching methods, fostering a dynamic and effective learning environment that fulfills
the needs of today’s learners. AR applications improve the comprehension and retention of reading material
by animating characters, objects, or text. Furthermore, advanced speech recognition technology is important
for evaluating student proficiency and offering immediate feedback on pronunciation and spelling [25]-[27].
This incorporation supports a personalised learning experience, enabling students to receive customised
feedback that fulfils their specific needs, enhancing more effective skill development.

Multisensory AR integrates many learning approaches, enhancing exercises by linking the exercise
with real-world contexts. This comprehensive strategy motivates the students to engage in their educational
journey actively, improving engagement and developing a sense of empowerment. Incorporating AR with
voice recognition technology allows educators to transform traditional teaching methods and offer new
opportunities for student success.

Undoubtedly, AR possesses tremendous potential in educational applications, improving the
learning experience while delivering improved outcomes. This corresponds with current existing evidence of
AR’s beneficial impacts on education, emphasizing the importance of persistently investigating and
integrating new technologies to enhance educational systems. By embracing the changing educational
landscape, this strategy leverages technology to actively engage students, accommodate various learning
styles, and enhance technical language skills and analytical thinking.

3. RESEARCH METHOD

The proposed research methodology delineates the architectural components (Figure 1) and the
systematic flow of the educational application, focusing on incorporating AR and voice recognition
technology. This methodology consists of three main components: the user, the Android device, and the AR
application, which is further categorised into two subcomponents: Google Speech-to-Text API and Unity 3D.
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Figure 1. Application architecture

i. User and Android device interaction

a.

b.

The user acts as the primary component, engaging with the system by delivering inputs such as audio
commands and selecting the levels using the graphical user interface (GUI) on the Android device.
The Android device is the application platform, receiving user input and supplying vital geolocation
data, including camera, location, and orientation information. This information is important for setting
up the AR environment.

ii. AR application processing

a.

b.

The AR application functions as the central processing component, creating the AR environment and
incorporating voice recognition technology.

Two subcomponents, Google Speech-to-Text APl and Unity 3D, work collaboratively to process
voice audio from the user. The API transcribes the voice input into a command understood by Unity
3D.

A Unity 3D plugin facilitates seamless communication, acting as a bridge between the API and Unity
3D. Once the command is understood, Unity 3D processes the necessary steps in the background to
generate an appropriate response for display.

iii. Application flow

a.

b.

The flow of the application is depicted in a flowchart, illustrating the sequence of actions from
initiation to completion (Figure 2).

The user initiates the system by selecting a category (e.g., animals and colours) that defines the
spelling topic. The application responds by displaying an object in AR, accompanied by its name,
to prompt the user to read.

After the user reads the object, the application undergoes processes to verify the correctness of the
reading. If correct, a congratulatory message is displayed, and the user can choose to continue.
If incorrect, a “try again” message is presented, allowing the user another attempt.

The flow continues cyclically, with the option for the user to stop after an attempt, concluding the
flow.

Users
select
category

Display chosen
category object

Users read
and spell
the object

Change object

Display
Congratulatory
massage

Correct
Spelling

Display try again
massage

Figure 2. Flowchart of the application
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This methodology provides a clear structure for developing and implementing the educational
application, ensuring the seamless integration of user interaction, AR technology, and voice recognition
capabilities. As the flowchart outlines, the systematic flow guides the user through an engaging learning
experience, promoting interaction and feedback within the application.

3.1. Augmented reality development

The user interface is one of the most important components developed in this project, as it serves as
the primary medium through which users interact with the application. Since the application is designed for
children, the interface incorporates large icons, simple text, and visually appealing graphics to facilitate ease
of use and engagement. Figure 3 presents the application interfaces, including Figure 3(a) the main menu,
Figure 3(b) category selection, Figure 3(c) the AR interaction screen, and Figure 3(d) the feedback screen.

Haiwan Kucing Kereta Bumi

- ¥ &%

Kenderaan Ayam Basikal Matahari

¥ -
(0

(c) (d)

Figure 3. User interfaces of the augmented reality application: (a) main menu, (b) category selection,
(c) AR interaction screen, and (d) feedback screen

The main menu is displayed when the application is launched and provides access to the available
learning categories. Users can select one of three categories: Animal, Vehicle, or Planet. Each category
contains three learning objects represented by images and text labels, allowing users to easily identify and
select the desired object.

After an object is selected, the AR interaction screen is displayed. This interface includes a back
button for navigation, a text box showing the name of the selected object, and a microphone button used to
activate the speech recognition feature. To render the AR object, users must point the device camera toward a
flat surface until the application detects a plane, indicated by a white dotted floor pattern. Users can then tap
the detected surface to place the 3D object into the real-world environment.

Once the object is displayed, users can activate the speech recognition feature by pressing the
microphone button. The system then allows approximately three seconds for users to verbally spell the
displayed object’s name. Based on the user’s pronunciation, the application provides immediate feedback.
If the spelling is incorrect, an error message accompanied by a cross icon is displayed, prompting the user to
try again. Conversely, if the spelling is correct, a success message with a checkmark icon is shown to
congratulate the user. The feedback screen also provides navigation options, allowing users either to repeat
the activity or return to the main menu.
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3.2. Augmented reality object placement implementation

The AR application was developed using Unity and AR Foundation to enable real-time object
placement within the physical environment. The overall implementation is illustrated in Figure 4. As
illustrated in Figure 4(a), the Awake() function is used to initialize and reference the required AR Foundation
components, including the ARRaycastManager, ARPlaneManager, and ARAnchorManager. These
components are automatically assigned using the GetComponent() method, allowing the system to detect
surfaces, perform raycasting operations, and manage anchors for object placement.

Once the AR components have been initialized, the object placement process is executed through
user interaction. Figure 4(b) presents the object instantiation mechanism used in the application. When the
user touches a detected AR plane, the system performs a raycast operation to identify the touched location
and obtain the corresponding pose and plane information. An anchor is then created at the detected position,
serving as the reference point for placing the selected 3D object. The application ensures that only a single
instance of the object is maintained within the AR environment. If no object exists, a new instance is
generated at the detected location; otherwise, the existing object is repositioned according to the user’s
selection. This mechanism improves resource efficiency while providing a seamless and intuitive interaction
experience. The implementation provides a stable and intuitive interaction mechanism, enabling users to
place and reposition learning objects seamlessly in real time.

m_RaycastManager = GetComponent<ARRay:
m_AnchorManager = GetComponent<ARAnch
m_PlaneManager = GetComponent<ARPlaneManager>();
m_AnchorPoints = new List<ARAnchor>();

(b)

Figure 4. AR object placement implementation (a) AR component initialization and (b) object placement
mechanism

3.3. Voice recognition development

The voice recognition functionality was implemented using the Google Cloud Speech-to-Text API
due to its native support for the Malay language and its ease of integration with the Unity development
environment. The implementation consists of two main stages: audio recording and speech recognition
processing. Figure 5 presents the implementation of the voice recognition functionality, consisting of (a) the
audio recording process and (b) the integration with the Google Cloud Speech-to-Text API.

As shown in Figure 5(a), the audio recording process begins when the user presses the microphone
button. The application records the user’s voice using Unity’s microphone functionality at a sampling
rate of 16,000 Hz, which is the recommended sampling rate for Google Cloud Speech-to-Text services.
The recording duration is limited to three seconds to ensure a responsive user experience while capturing

Augmented reality application with speech recognition for malay spelling (Norizan Mat Diah)



1474 0O ISSN: 2252-8776

sufficient speech input for recognition. Once recording is completed, the captured audio is validated and
converted into the appropriate format for transmission to the speech recognition service.

The second stage involves transmitting the recorded audio to the Google Cloud Speech-to-Text API
for processing. As illustrated in Figure 5(b), the recorded audio data is converted into Base64 format and
embedded within a JSON request structure. The request includes the required configuration parameters, such
as the audio encoding type (Linear16), sampling rate (16,000 Hz), and language code (ms-MY) to enable
Malay language recognition. The request is then sent to the Google Cloud Speech-to-Text server through a
secure web service call.

Upon successful processing, the API returns the recognized speech as text, which is subsequently
compared with the target word displayed in the application. If the recognized text matches the expected
spelling, the application provides positive feedback to the user. Otherwise, corrective feedback is displayed,
encouraging the user to repeat the spelling activity. This implementation enables real-time speech recognition
and supports interactive language learning through immediate feedback.

dAudioloSpeechAPL(bytel | audioData)

s url = "ht h.googleay

ing base64Audio = Convert.ToBase64String(audioData);

requestData

content - base64Audio

nvert SerializeObject(requestData);

te[] bodyRaw

(b)

Figure 5. Voice recognition implementation (a) audio recording process and (b) Google Speech-To-Text API
integration

4. RESULTS AND DISCUSSION

An accuracy test was conducted using a sample size of 100 simulations to ensure the voice
recognition works as intended. Figure 6 shows the number of test requests done, which is 103 times, with an
error of 0 and an average latency of 0.6 seconds. This indicates that the APl has not failed to respond to a
request within the sample time frame above 5 hours.

Based on Table 1, 103 tests were conducted amongst nine words. Each word has a minimum test
count of 11, while certain words such as “Kucing”, “Basikal”, and “Matahari” have more due to errors
occurring during testing. As seen in the table, every word with a test count of 11 has an accuracy of 100%,
meaning the APl understands what the user is saying and relays that message accurately and successfully
back to Unity to be used in the scripts. On the other hand, words such as “Kucing” and “Basikal” have an
accuracy of 91%, meaning they got one test wrong and “Matahari”” has 84% accuracy with two tests wrong.
It is due to multiple variables such as environmental, where there is too much noise while speaking, and
speech error, where speaking too fast or slow will make it difficult for the API to understand.

The application testing uses the system usability scale (SUS) method. SUS has been widely
applied as a rapid way of measuring the usability of technology-based applications [28]. The SUS
questionnaire consists of ten items containing statements representing the feelings or responses of the users to
a product interface. The statements in the SUS questionnaire look like those shown in Figure 7. This
questionnaire uses a five-point Likert scale, with the criteria of “strongly disagree,” “disagree,” “neutral,”
“agree,” and “strongly agree.” The ten statements are divided into positive and negative categories [28]-[30].
The positive statements have odd numbers (numbers 1, 3, 5, 7, and 9), and the negative ones have even
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numbers (numbers 2, 4, 6, 8, and 10). Subtracting one score from each score that the respondent provided
allows for calculating the score for each affirmative statement. The score for each negative statement is
calculated by subtracting a score given by a respondent from five; hence, every item of statements has a
minimal score of 0 and a maximal score of 2.5 so that the final score of each respondent ranges from 0 to 100.
When it is written in a mathematical formula, the calculation of the SUS score for each respondent is as
follows, in (1) [31], [32]:

SUS Score={(51—1) +(5—52) +(S3—-1) +(5-5S4)+(S5-1D+(5-56)+ (57—1) +
(5—-58)+(S9—1)+ (5—S510)} *2.5 @

Note: Sj = the-i item statement

Traffic by APl methed = 4

—® google.cloud speech.vi Speech.Recognize: 0.0758/s

Methods

Method P Requests Enors. Avg latency 99th percentile latency @

1.0

google.

Figure 6. Successful API usage

Table 1. Voice recognation accuracy
Word Number of tests  Test accuracy

Kucing 12 91%
Anjing 11 100%
Ayam 11 100%
Kapal 11 100%
Basikal 12 91%
Basikal 12 91%
Kereta 11 100%
Bumi 11 100%
Matahari 13 84%
Bulan 11 100%
Question 1 2 3 4 5
Strongly disagree Strongly agree

1.1 think that | would like to use this system frequently.

2. | found the system unnecessarily complex.

3.1thought the system was easy to use.

4.1 think that | would need the support of a technical person to be able to use this system.
5.1found the various functions in this system were well integrated.

6.1 thought there was too much inconsistency in this system.

7.1 would imagine that most people would learn to use this system very quickly.
8.1found the system very cumbersome to use.

9.1 felt very confident using the system.

10. | needed to learn a lot of things before | could get going with this system.

Figure 7. System usability scale form
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The SUS results obtained from six respondents indicate a high level of usability for the application.
The highest SUS score recorded was 97.5, corresponding to grade A, while the lowest score was 70,
corresponding to grade D. The application achieved an average SUS score of 85, which falls within grade B,
indicating that users generally found the application easy to use, effective, and satisfactory in supporting their
interaction with the system.

Figure 8 summarises the responses of all participants to each question, with a distinct pattern
emerging from their feedback. Notably, odd-numbered questions are framed as positive statements, while
even-numbered ones are presented as negative statements.

For positive statements in questions 1, 3, and 7, most respondents expressed a positive sentiment,
with the majority opting for “strongly agree.” It suggests a unanimous agreement among participants
regarding certain positive aspects of the system. Meanwhile, for negative statements in questions 2, 6, and
10, most respondents leaned towards the “strongly disagree” option. This consistent response implies a strong
disagreement with the negative statements posed in these questions. For mixed responses, question 5 received
a majority of “agree” responses, indicating a generally positive sentiment, while question 9 elicited an even
split between “strongly agree” and “agree.” It suggests a more balanced view regarding certain aspects of
system usability Regarding the responses to questions 4 and 8, most respondents chose “disagree,” indicating
a disagreement with the negative statements posed in these questions. This aligns with the overall positive
sentiment observed in the participants’ responses.

The general pattern in the respondent’s answers suggests that the system is easy to use, requiring
minimal effort to operate. A significant number of “strongly agree” and ‘“‘agree” responses to positive
statements, coupled with “strongly disagree” and “disagree” responses to negative statements, highlight a
positive user experience. The collective responses provide a consistent and clear view of the system’s
usability and overall user satisfaction. This analysis underscores a largely positive perception of the system
and provides valuable insights that can guide future enhancements based on user feedback.

SUS Answers

5 ]

Respondents
(=)

[od] Q2 Q3 Q4 Q5 Q5 Qr 08 Q9 Q1o
Questions
I Strongly Disagree [l Disagree [ Neutral Agree [ Strongly Agree

Figure 8. System usability scale answer spread graph

5. CONCLUSION

Lastly, this research effectively met its goals by employing new technologies, including AR and
voice recognition, to improve the teaching of spelling in Malay for young learners on the Android
smartphone platform. The creation of specialised speech recognition algorithms and thorough testing on
mobile devices were critical components of the research methodology, which emphasised a methodical and
iterative process. These efforts resulted in a fully working mobile spelling application that smoothly
combines AR and voice recognition technology. This application satisfies the requirement of offering an
engaging and amusing spelling experience for young learners while also demonstrating a high degree of
accuracy throughout their learning journey. The study’s success demonstrates the potential influence of AR
and voice recognition in educational technology, providing an important addition to the area. The resultant
mobile application is a useful resource for instructors, parents, and students looking for novel ways to
language instruction. Overall, the research highlights the need to combine cutting-edge technologies to build
dynamic and effective learning environments, hence broadening the landscape of digital learning technology.
This study not only demonstrates the transformational potential of technology in education, but it also paves
the way for future developments and improvements in language teaching and beyond.
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