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 Students with dyslexia require individual learning approaches due to 

different mastery and engagement levels. The conventional approach could 

not adjust the learning style automatically and burdened the teacher, 

especially in bigger class sizes. We proposed an adaptive learning model for 

students with dyslexia (ALMo-DML) that personalized the learning based 

on the mastery level and behavior. ALMo-DML can retain the students 

longer using adaptive elements. This paper examines the effectiveness of the 

ALMo-DML prototype in increasing student engagement by comparing it 

with MyLexic, non-adaptive learning using a quasi-experiment. The 

parameters involve on-task/off-task behavior, time spent, and usability test. 

Descriptive statistics, hypothesis testing, software usability scale (SUS), and 

observation forms were used to measure the engagement parameters. The 

result shows a longer on-task time with an average of 22 minutes when using 

the ALMo-DML prototype compared to the non-adaptive application with 

only 12 minutes (p-value<0.05) using the Mann-Whitney U test. Besides, 

observation data support the finding indicating engagement from gestures, 

keyboard, and mouse clicks. This study proved that ALMo-DML showed a 

positive effect on the engagement of students with dyslexia compared with 

non-adaptive learning. Hence, ALMo-DML is highly recommended as a 

supporting material in helping students with dyslexia. 
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1. INTRODUCTION 

Language learning is a crucial phase in every child’s development. It starts with orthographical 

recognition, phonic awareness to word articulation [1]. Dyslexia is an example of a learning difficulty that 

results in difficulties in cognitive learning, such as spelling, reading, and writing [2]. Students who have 

dyslexia are reported to have difficulties in reading-related activities, which has an impact not only on their 

academic performance but also on their self-esteem and social-emotional development [3]. Besides having 

language processing difficulties, students with dyslexia reported comorbid problems in other areas like 

https://creativecommons.org/licenses/by-sa/4.0/
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attention, emotional, and behavioral problems [4]. Students with dyslexia suffer from attentiveness and 

concentration issues resulting disengaged towards learning. Such behavior includes task avoidance, running 

around class, talking out loud, refusing to follow instructions, and talking out of the learning context [5]. 

Relying heavily on teachers to teach students with dyslexia at different paces and expect progressive results 

from the students is challenging [6]. Therefore, the use of a technology-based approach has become an 

alternative for support in the education area, especially for students with learning difficulties [7], [8].  

For the Malay language-based learning intervention, MyLexic is a pioneer among researchers who 

introduced a computer-based application for students with dyslexia [9]. The application provides assistance 

using audio and visual intervention to help students recognize letters, syllables, and words. Four years later, 

Dyslexia Baca is introduced to support the required intervention [10]. It is a mobile application with a 

multisensory approach that focuses only on the confused letters such as ‘p’, ‘q’, ‘b’, ‘d’, ‘w’, and ‘m’. Based 

on the literature, the existing non-adaptive learning solutions served the purpose of helping students with 

dyslexia to reduce their language difficulty. The only limitation of these solutions is lacking personalization 

that is able to adjust based on a difficulty level and a variety of student preferences. This is where the 

adaptation is needed to reduce the student’s difficulty and gain student engagement [11].  

Adaptive learning is the interaction between computer and human response where feedback can be 

adjusted by tracking the condition of the user. Therefore, an adaptive learning model for students with dyslexia 

also called ALMo-DML is introduced. The ALMo-DML implements a computer-based intervention with 

adaptive teaching strategies that is similar to the conventional teacher approach. The approach incorporates 

students’ errors and engagement state in learning the Malay language. This intervention is essential as not many 

works focus on dyslexia within the Malay language framework [12]. The language has unique characteristics 

and cultural relevance which requires a tailored intervention and adaptive learning. By exploring the challenges 

faced by Dyslexic students in their interaction with the Malay language, this study addresses a crucial area of 

research with potential implications for enhancing learning outcomes and promoting inclusivity. 

Engagement in education measures the level of satisfaction and interest experience towards learning 

[13]. It is important to measure student engagement as it can improve student performance when the 

satisfaction and motivation to learn are increased. Evidence from the survey discovers that active 

involvement will eventually affect student’s learning performance. The study shows a positive correlation 

between students’ engagement and learning performance [14]. Measuring student engagement is, however, 

challenging. In a conventional classroom, student engagement is measured face-to-face by the teacher 

through the students’ attitudes, feedback, and academic results [15]. Alternatively, the engagement is 

assessed through time spent, contribution, on-task activity, and self-reporting [16]. Hence, we proposed 

ALMo-DML to improve student engagement using on-task and feedback. In this study, we aim to investigate 

the effectiveness of the adaptive learning model also known as ALMo-DML by comparing it with the  

non-adaptive learning model, namely MyLexic. To achieve our objective, the following research questions 

(RQ) were addressed: 

i) How effective is adaptive learning towards the engagement of students with dyslexia? (RQ1) 

ii) Is there any significant difference between non-adaptive learning and adaptive learning using quasi-

experiments? (RQ2) 

 

 

2. METHOD 

This section elaborates on the method to evaluate the effectiveness of adaptive learning towards 

student engagement. The evaluation process aims to prove that adaptive learning can be used to maintain the 

engagement of students with dyslexia. The evaluation includes a quasi-experiment as shown in Figure 1 to 

measure the effectiveness of the adaptation by comparing the adaptive learning with non-adaptive learning 

towards student engagement. 

 

 

Figure 1. Evaluation procedure 
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2.1.  Participants 

In this study, 18 students with dyslexia from Dyslexia Association Malaysia (DAM) center were 

selected as participants based on age, dyslexia level, and language spoken. The students were in the age range 

of 7 to 12 years old and diagnosed by a medical expert as dyslexia. The selection of participants is based on 

the voluntary participation and permission from parents. An ethical clearance is acquired from the Ethics 

Committee Research Involving Human Subject (JKEUPM) before conducting the research. A consent letter 

from DAM and parents was obtained before the study began.  

In addition, the students have to understand the Malay language to reduce bias. The reason for the 

limited number of participants is due to parents’ restrictions on participation and limited school times. The 

minimum sample size in this work is adequate as agreed by other researchers who work on dyslexia students 

with small samples, such as four students [17], six students [18], 11 students [19], and 16 students [20].  

 

2.2.  Applications 

The applications used for this experiment comprise non-adaptive and adaptive learning. Both 

applications are Malay language-based and have similar content knowledge. The syllabus is adopted from the 

Malay language textbook which covers alphabet recognition, syllables sound, reading words, and sentences. 

 

2.2.1. Non-adaptive learning 

MyLexic is chosen as a non-adaptive learning application for this study. MyLexic is assistive 

courseware used by DAM center to teach students with dyslexia to learn the basic Malay language. MyLexic 

adopts a multi-sensory approach by applying pictures, feedback sounds, and user interaction using  

drag-and-drop mouse clicks [9]. MyLexic was developed using the ‘dual coding theory’ to strengthen 

alphabet and syllable recognition using visual and verbal forms. In terms of teaching strategy, MyLexic 

utilizes scaffolding techniques in assisting learning, such as repetition, text representation, and self-

assessment activities. MyLexic comprises three sub-modules, which are alphabets, syllables, and words. 

Multimedia plays an important role in the MyLexic application. Colorful and musical backgrounds 

are said able to reduce the amount of memory effort of children with dyslexia. Visual and kinesthetic 

elements support the reinforcement for optimal learning through the participation of the students. Picture as 

cue is suggested to be used in helping students with dyslexia to improve poor decoding and alphabet 

recognition skills. The authors utilize teaching components such as hear, say, see, and write to improve 

spelling skills. The word module teaches the students to read a simple Malay word. The students are expected 

already mastered the alphabet recognition and basic syllables. Interestingly, the teaching approach introduced 

in this module uses a family group of patterns, sounds, and words. Two different colors namely red and blue 

are used to differentiate the syllables to ease the students read. MyLexic delivers a great teaching approach as 

a non-adaptive learning for students with dyslexia which is suitable to match our proposed adaptive learning. 

 

2.2.2. Adaptive learning model for students with dyslexia 

The ALMo-DML is proposed to help students with dyslexia to learn the Malay language. ALMo-

DML has four modules that encompass phonology, spelling, reading, and writing exercises. The adaptation 

strategies used in ALMo-DML are using a mastery level answering the exercise and the prediction of the 

behavior of the students [21]. The mastery levels are achieved through a number of errors while the behavior 

prediction is established from face detection. If the face is detected longer, and more frequently, the behavior 

is predicted as engaged.  

In ALMo-DML, adaptation comprises two stages. The first stage is to adapt the next exercise based 

on previous mastery-level exercises. Each error is recorded to see the difficulties the students experience 

when answering the exercise. Mastery level is divided into four, namely beginner, intermediate, advanced, 

and super advanced. It is assigned to the topic that scored less than two errors. Students who get the mastery 

level and are engaged with the system will receive a higher level of difficulty. Students who are not at the 

mastery level but engaged with the system will obtain a similar mastery level in other modules. On the other 

hand, if the student is not at the mastery level and disengaged with the application, the student will get a 

lower difficulty level. 

On the other hand, adaptation in the second stage is regarding affective intervention. Affective 

intervention is an element to attract student’s attention towards the learning such as hints and feedback. 

Multimedia elements in the form of images, sound, and text have been used to represent the activity. Colorful 

images help to attract students, especially primary school students, to the learning content. In addition, a 

catchy background sound has been chosen to avoid stressful activities. 

Feedback is a response given to the students for any activity that the students performed. Positive 

and negative encouragement through audio-based feedback is given to the students as a response to each 

answer given. This is because students with dyslexia need encouragement and praise along with intervention 
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to enable them to deal with the difficulties [22]. There are three types of feedback used for this study, which 

include positive, negative, and idle feedback. When the students can answer all the questions correctly in 

each exercise, positive feedback will be broadcast. However, when the students answer any of the questions 

incorrectly, negative feedback will be perceived. If the students are idle with the system or no mouse as well 

as keyboard clicks are detected for 2 minutes, the system uses an audio message to ask the students to interact 

with the system. An energetic child’s voice is used to attract the students to the application.  

 

2.3.  Measures 

The measures used in this experiment involve quasi-experiment, usability, and observation. The 

quasi-experiment was conducted to assess the effect of the adaptation on the student’s engagement. Quasi-

experiment was chosen due to the lack of randomization when choosing the participants [23]. The 

participants were selected from a pre-determined class which was already categorized based on the level of 

difficulty. The categorization during class placement in DAM was purposely to ease the teacher in focusing 

on suitable teaching interventions. 

Measuring the quasi-experiment needs an inferential statistical test to conclude the effects of the 

adaptive learning model on students with dyslexia. Therefore, hypothesis testing was performed to infer the 

effect of the adaptive model on student engagement by comparing an observed value of a sample with the 

control value [24]. On-task time was used to measure the engagement for this study. On-task time is the time 

spent by the student focusing on a specific task [25], which is similar to engagement [26]. 

The system usability scale (SUS), conversely, was used to measure usability for this experiment. 

The SUS is a highly reliable tool for gathering students’ feedback and satisfaction [27]. It comprises 10 items 

related to perceived usefulness and ease of use. The items were translated into Malay language to ease the 

student’s understanding. The facilitator helped to read the items since some of the students were not able to 

read fluently. In addition, the use of the five rates of Smileyometer helped the students to rate the SUS. This 

approach has been used widely among human-computer interaction (HCI) researchers to measure the 

student’s opinions [28]. SUS is suitable as a tool to compare usability studies among applications.  

The last instrument is the observation form which is used to observe and measure the student’s 

response towards both applications. Observational notes can be supplementary for usability testing [29]. In 

this study, the observation notes were used to record the signs, expressions, and displayed behavior of the 

students while interacting with both adaptive and non-adaptive applications. Students with dyslexia are 

known to have limitations in language processing skills, such as phonology, spelling, reading, and writing. 

These cognitive states may differ among the students. Therefore, the cognitive states and behavior were 

observed. Conditions such as fatigue, boredom, and hunger/thirst were taken into consideration to reduce 

biased factors. Therefore, a five-minute break was given upon completion of the task in each activity. 

 

2.4.  Experiment design 

The quasi-experiment was designed to identify the effectiveness of the ALMo-DML towards student 

engagement. Therefore, to conduct the study, two types of groups, namely control and treatment groups as 

shown in Table 1, were used to compare the significant difference between the proposed model and the 

current model. The treatment group uses the DBCB application that represents the ALMo-DML (adaptive 

learning) as the proposed model whereas, the control group uses MyLexic as a non-adaptive application.  

A total of 18 students voluntarily participated in this experiment with eight females and 10 males. These 

students were divided equally and randomly into treatment and control groups. In each group, nine students 

were assigned based on the student’s level, which comprised beginner, intermediate, and advanced. The 

students’ levels were derived from their classroom. 

 

 

Table 1. Types of groups 
Group Student’s level based on class Num. of student 

Treatment 

(DBCB) 

Beginner 3 

Medium 3 

Advance 3 
Control 

(MyLexic) 

Beginner 3 

Medium 3 

Advance 3 

 

 

Each student was given a maximum of 30 minutes to interact with the assigned application based on 

their group. The session was accompanied by one facilitator to help with any arising issues and to observe the 

session. The students were also informed that they could quit at any time during the session. The treatment 

and control groups were observed in terms of on-task time to see the adaptation effect on the student’s 
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engagement time [25]. On-task time is the time spent by the student focusing on a specific task, while  

off-task is the time spent on other activities that are not associated with the learning task. Besides time, 

activities can also be interpreted as on-task and off-task. The list of on-task and off-task activities are shown 

in Table 2. On-task activities involve asking for help from the teacher and commenting on their achievement, 

progress, successes, and failures. The example of off-task is considered to happen at least 20 seconds on 

activities like talking about a non-related subject, skipping doing a task given, inactive, and taking some rest. 

 

 

Table 2. On-task and off-task 
On task Off task (at least 20 seconds) 

Commenting on the achievement Talking about anything other than subject materials 

Commenting if they made progress Doing things that are not involved in the materials given (tutoring software) 

Commenting on success/failure Inactive (staring into space, putting head down to the desk) 
Asking for help from the teacher Resting their head on one or both hands and looking away from the screen 

 

 

2.5.  Threat of validity 

Validity is concerned with the accuracy and truthfulness of findings. In this research, the validity is 

concerned when making inferences during observation, especially on the students without clear expressions. 

Therefore, asking to confirm their feelings and why they behaved is crucial before making any decision on 

the judgments. Besides, the validity of the student’s engagements also becomes a threat. Looking at the 

screen sometimes does not reflect engagement or attention. Thus, input like mouse clicks and keyboard helps 

to reduce the threats. 

 

 

3. RESULTS AND DISCUSSION 

This study aims to evaluate the effect of adaptation on the engagement of students with dyslexia 

through a quasi-experiment. The result is discussed based on: i) descriptive statistics; ii) hypothesis testing; 

iii) usability studies; and iv) observation. 

 

3.1.  Descriptive statistic 

A descriptive statistic was used to describe the central tendency of the student’s on-task using 

average to see the effect of the adaptation. The on-task time was measured because it can reflect the 

engagement time [25]. On-task time was counted from the beginning of the exercise until the students either 

exited, surrendered, or finished the exercise. Based on the result shown in Table 3, the average time for the 

on-task behavior made by the beginner-level students (S1, S2, and S3) from the control group that used 

MyLexic, was 10 minutes and 96 seconds (SD=1.19). Compared with a similar class from the treatment 

group students (S4, S5, and S6) that used DBCB, the average of the on-task time recorded was 24 minutes 

and 29 seconds (SD=4.56). This depicted that students in the treatment group engaged longer with the 

learning materials given despite still being at the beginner level, which can be seen in Figure 2. 

 

 

Table 3. Overall result for the on-task time between groups 
Groups Control group Treatment group 

Student S1 S2 S3 S4 S5 S6 

Beginner (time in minutes) 12.3 10 10.6 29.3 20.3 23.2 
Average 10.96 24.29 

SD 1.19 4.56 

Intermediate (time in minutes) 10.7 12.7 11.6 30.4 29.2 19.8 
Average 11.71 26.45 

SD 0.99 5.79 

Advanced (time in minutes) 11.1 18 14.1 14.45 19.5 21.2 
Average 14.39 18.42 

SD 3.46 3.54 

 

 

In addition, students in the intermediate level students (S1, S2, and S3) from the control group were 

on-task for an average of 11 minutes and 71 seconds (SD=0.99) whereas the treatment group students (S4, 

S5, and S6) recorded an average of 26 minutes and 45 seconds (SD=5.79). This reflects a similar effect on 

the intermediate students for the adaptation model towards the engagement of students with dyslexia. The 

students’ on-task time was twice as long for the treatment group compared with the control group, as 

presented in Figure 3. 
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Finally, the analysis for average time between the control and treatment groups for the six advanced 

students (S1, S2, S3, S4, S5, and S6) was performed. The result shows that the students were engaged with 

the learning materials for about 14 minutes and 39 seconds (SD=3.46) using MyLexic, and 18 minutes and 

42 seconds (SD=3.54) using DBCB. The numbers show that both materials portrayed a slight difference as in 

Figure 4, due to the mastery level of the students. Advanced students can answer the questions in both 

learning materials; thus, the engagement time is shorter compared to the beginner and intermediate levels. 

Nevertheless, the students in the treatment group retained four minutes longer compared to the control group. 

In response to RQ1, we found that adaptive learning has a positive effect on the student’s 

engagement. This can be seen from the on-task time which recorded a longer engagement for all students 

who used the adaptive learning application. Students at a beginner level require intervention in alphabet 

recognition and phonology knowledge. Thus, the students spend more time (the majority spend more than 20 

minutes) performing drag-and-drop activities where they need to match the sounds, images, and text in the 

adaptive learning application. Hints and feedback using students’ voice encouragement helps to attach them 

longer. Students from a beginner level in a control group, on the other hand, spend 10 minutes to 12 minutes 

interacting with MyLexic. Activity and the content are almost the same but missing adaptation on difficulty 

level justifies the time difference.  

 

 

 
 

Figure 2. Comparison between groups for beginner students’ on-task time 
 

 

 
 

Figure 3. Comparison between groups for intermediate students’ on-task time 
 

 

 
 

Figure 4. Comparison between groups for advanced students’ on-task time 
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Intermediate students who already have a basic recognition of the alphabet and were able to identify 

the phonology knowledge similarly produce a positive result on adaptive learning application. Assessment 

for this group focuses on spelling skills. The activities involve choosing, matching, and sorting the correct 

spelling. Similar syllables are used between both applications which is a common vocabulary in the Malay 

language. Despite that, the result showed a longer on-task time when interacting with adaptive learning 

applications. Likewise, a longer on-task time for advanced students when interacting with adaptive learning. 

The difference in on-task time between both applications, however, is smaller with only 4 minutes. This is 

because the students already have a strong fundamental in language skill and the only shortage is the writing 

skill. Hence, on average, the majority of the students took 14 minutes to finish the activity in MyLexic and 18 

minutes for DBCB. The initial outcome concludes that adaptive learning has a positive effect on students 

with dyslexia despite having different difficulty levels. Therefore, to confirm the substance, we perform 

hypothesis testing to get a strong result. 

 

3.2.  Hypothesis testing 

The second evaluation is to answer RQ2 on seeking any significant difference between non-adaptive 

learning and adaptive learning towards students’ engagement. The hypothesis is motivated by the previous 

research [30], [31]. The engagement will be increased using multimedia elements as used in MyLexic. On the 

contrary, personalization from the adaptation is also important to be considered to derive student 

engagement. Therefore, hypothesis testing is conducted to identify the effect of the adaptation towards 

students with dyslexia. Commonly, hypothesis testing is performed to infer the result by comparing an 

observed value of a sample with the population value [24]. A statistical analysis software, statistical package 

for the social sciences (SPSS) is used to calculate the hypothesis testing. In this study, the null hypothesis and 

alternative hypothesis are stated: 

− Null hypothesis (H0): the proposed adaptive learning model has no significant effect on the engagement 

of students with dyslexia. 

− Alternative hypothesis (HA): the proposed adaptive learning model has a significant effect on the 

engagement of students with dyslexia. 

The level of significance (alpha level) for rejecting the null hypothesis in this study is decided at 0.05. 

In addition, in deciding the types of statistics that are suitable to be used, the data are tested on the normality 

with respect towards the samples. Hence, the normality test found in Table 4 shows that the Sig. value is less 

than the alpha level with Sig.=0.031. Thus, it represents data that is not normally distributed using Shapiro-

Wilk [32]. Shapiro-Wilk is used for the normality test because it is suitable for data less than 50 [33]. Since the 

data is not normally distributed, it is decided to use a non-parametric test for the hypothesis testing [34]. 

A non-parametric test, the Mann-Whitney U test was conducted to examine the effect of the 

adaptation on student engagement between two groups. The level of significance value (p-value) to accept or 

reject the null hypothesis is 0.05. Since the result of the Mann-Whitney U test shows less than 0.05 (Exact 

Sig=0.000a), the null hypothesis can be rejected. It concludes that there is a significant difference in DBCB 

towards the MyLexic application that supports the alternative hypothesis as depicted in Table 5. Results from 

hypothesis testing also support findings from the descriptive statistics. Adaptive learning shows a positive 

effect on students’ engagement through on-task time measurement. The proposed adaptive learning model 

was engaged longer than the non-adaptive learning model. 
 

 

Table 4. Normality test using Shapiro-wilk 
 Kolmogorov-Smirnov Shapiro-Wilk 

 Statistic df Sig. Statistic df Sig. 

On task time (in sec) 0.182 18 0.116 0.885 18 0.31 

 

 

Table 5. Man-Whitney U-test significant result 
Group type N Mean rank Sum of ranks  Test statistics On task time (in sec) 

On task time 

(in sec) 

Control 9 5.11 46  Mann-Whitney U 1.00 

Treatment 9 13.89 125  Wilcoxon W 46.000 
Total 18    Z -3.488 

      Asymp. Sig (2-tailed) .000 

      Exact Sig. [2*(1-tailed Sig.)] .000 

 

 

3.3.  Usability 

This test aims to identify the system’s usability from the point of view of students with dyslexia. The 

SUS is a highly reliable tool for gathering students’ feedback and satisfaction [27], [35]. The SUS measures 
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using 10 items with scales ranging from 0 to 4 (with 4 being the most positive response). The scoring rule for 

odd items in SUS is subtracted by one from the user’s response, and for even items, five is subtracted from the 

user’s response. After that, the sum of both scores is multiplied by 2.5 to obtain the overall value of the SUS 

score [36]. Based on the scoring rules mentioned earlier, the average score of DBCB (adaptive application) is 

82.5 compared to the average score for MyLexic (non-adaptive application) which is 69.4. 

The analysis of each item shows that positive responses (odd items) scored more in DBCB compared 

to MyLexic, as shown in Figure 5. The majority agree that DBCB meets the usability aspect. The result for 

negative responses (even item) in DBCB also scored less in most of the items compared to MyLexic, except 

for Item 8. However, the difference is very small (0.2). The reason is that they prefer to interface with different 

animal themes instead of bee themes used in DBCB. Another added point to indicate the importance of 

customization based on student’s preferences. As a conclusion, adaptive learning is more usable for students 

with dyslexia with the adaptation and multimedia elements compared to non-adaptive learning. 
 

 

 
 

Figure 5. Comparison of SUS score for DBCB and MyLexic 

 

 

3.4.  Observation 

In this study, the observation notes were used to record the signs, expressions, and displayed 

behavior of the students while interacting with both adaptive and non-adaptive applications. The comparison 

between DBCB as adaptive and MyLexic as a non-adaptive application was recorded through observational 

notes. The observation showed that the student’s response depends on their ability to master the skills. This 

can be seen from the student’s level which portrays a different response when dealing with different exercise 

levels.  

The beginner level, for example, shows two prominent aspects when using a non-adaptive 

application which are cognitive engagement and behavior engagement. The students were interested in 

answering the exercise and interacting with the activity. Display a fun attitude by clapping hands and being 

happy when progressing to another module. However, when the level became more challenging, a few 

students started to feel bored and randomly clicked buttons to try and error. One student clicks the ‘Exit’ 

button to indicate he wants to stop. Another student scratches his head when unable to answer the exercise. 

He also requests to quit playing with the application.  

In comparison with adaptive learning applications, the students are more energetic. They move their 

body while listening to the background sound. They smile when the application is praised for the correct 

answer. Some of the students gave high-fives and clapped hands when got the correct answer. However, 

when the answer is incorrect, some students ask for help from the observer and some get distracted by any 

object in front of them. This is where the adaptation takes the role of giving the hints and feedback. When the 

student idled for a few minutes, the application voiced out asking ‘where are you’. This makes the student 

come back again and engage. Hints also help the student to engage longer when she imitates the audio hint 

after making several errors. She also keeps playing even when constantly making a mistake.  

Intermediate level on the other hand shows some confidence for both applications. Behavior such as 

shaking legs, smiling, and clapping hands indicate they are confident and engaged with the learning. Students 

at this level already mastered alphabets recognition and phonology knowledge, hence, the majority of them 

express what they already know and easy. However, when moved to spelling exercises, students who used 

non-adaptive application started to display a disgusted facial expression especially when got incorrect 

answers [37]. One of the students clearly states he is bored a bit in learning the language. On the contrary, 
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students who interacted with the adaptive learning application still engaged with the application even got 

incorrect answers. The student remained smiling even needed to start all over again due to technical issues. 

Some of the students independently play around with the application by trying a higher level. The 

consequence of getting too attached to the application causes the student to refuse to go back to his class. He 

prefers to play with the application again. 

Students in advanced level already have a strong fundamental in alphabet, phonology, and spelling. 

The only challenge the student faces is writing or sentence constructions. Therefore, when using MyLexic 

application, majority of the students commented it is an easy exercise. The students keep on changing activity 

when already bored with the application. One of the students chose to stop the activity as he said the 

application is too easy for him. Despite of having similar challenge when using the adaptive learning 

application, the students continue to interact such as enjoying the music background, say out loud the answer 

and smile when received compliment from the application. All of the behaviors observed proof that adaptive 

learning application able to engaged the students with dyslexia longer compared with non-adaptive learning. 

 

3.5.  Implications of the ALMo-DML in the learning of students with dyslexia 

The implication of the effectiveness of the ALMo-DML is discussed based on the research 

questions. The result of this study provided evidence to support that the ALMo-DML effectively improves 

the engagement of students with dyslexia. The ALMo-DML personalized the learning intervention based on 

mastery levels and affective behavior such as the face, hints, and feedback. A quasi-experiment between the 

treatment and control group showed that on-task times using an adaptive learning model were recorded 

longer than the non-adaptive learning model.  

Based on the finding, the implication of the ALMo-DML on the learning of the students impacted 

four perspectives namely behavioral engagement, affective engagement, social engagement, and cognitive 

engagement [16]. Behavior engagement is defined as the observable behavior of participatory actions. 

Students who interact with the adaptive learning model show positive behavior such as the effort to stay  

on-task and longer time spent on work.  

The affective engagement relates to an enduring level of emotions toward learning. When using the 

ALMo-DML, students manifest positive emotions such as smiles, curiosity, happiness, and enthusiasm. Despite 

the difference in the dyslexia severity (beginner/intermediate/advanced), students using an adaptive learning 

model show a longer engagement and portray positive feedback from the observation. Examples of positive 

feedback include clapping hands, shaking heads imitating the background music, and smiling. This possibly 

relates to choices of background music, colors, and images that suit students with dyslexia preferences.  

Next, social engagement considers bonds between students and their peers, teachers, and facilitators. 

Students show some cooperation to finish the exercises and interact with the teacher/facilitator such as asking 

and commenting. Finally, cognitive engagement shows higher-order thinking to endure the difficulty in the 

given tasks. The finding aligned with Chen et al. [38] which proved that adaptive learning increases students’ 

engagement and learning performance. Hence, the outcomes of an effective learning model on student 

engagement enhanced students’ well-being, students’ performance, self-motivation, and self-esteem [16]. 

This study’s findings provide evidence of the importance of an adaptive learning model which 

personalized intervention for students with dyslexia. The higher the engagement, the better the student’s 

performance [39]. ALMo-DML fills the gap in personalized education plans to improve students’ 

engagement and eventually improve the students’ learning. Hence, the ALMo-DML is also suitable to be 

extended to kindergarten students and other learning difficulties such as slow learners. 

 

3.6.  Limitations and future research 

In identifying the effectiveness of the ALMo-DML, we face a few limitations. First, we conduct a 

quasi-experiment using two different groups with different students. In each group, the students interact with 

a given application (adaptive or non-adaptive) only once. Therefore, they were unable to compare the 

applications individually. Some of the students who used the non-adaptive application in the experiment 

requested to use the adaptive application after that. Due to time constraints, we had to reject the request. For 

future work, it is best to compare the applications with similar persons to see the improvement in the 

student’s performance. Furthermore, our study involves a limited number of students due to limited parents’ 

consent and time. Involving a larger number (sample size) will give a better result, especially in the 

observation data. Our findings should be replicated with other learning difficulties such as slow learners and 

students without learning difficulties.  

Finally, this study sought to investigate the effectiveness of the ALMo-DML on the students’ 

engagement. The intervention was only conducted for two weeks due to limited time given by the teacher. 

For future work, the experiment can be extended to track the student’s improvement when the intervention is 

a longitudinal study with repeated interventions and observation. 
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4. CONCLUSION 

The conventional learning approach such as paper-based and object-based relies heavily on the 

teacher’s effort to establish students’ engagement. In addition, personalizing the learning to adapt to a 

different mastery level and behavior is a challenging task, especially in bigger class sizes. Therefore, we 

introduced ALMo-DML as an adaptive learning model for students with dyslexia that can adjust the learning 

based on students’ mastery level and behavior. This paper explores the effectiveness of the adaptive learning 

approach towards students’ engagement. A quasi-experiment was conducted by comparing non-adaptive 

learning (MyLexic) and adaptive learning applications (ALMo-DML). The experiments wanted to see the 

effect of the adaptive model on the engagement of students with dyslexia using the on-task time. Two 

research questions were constructed to achieve the objective, namely: i) how effective adaptive learning is 

towards students with dyslexia; and ii) whether is there any significant difference between non-adaptive 

learning and adaptive learning.  

Results in descriptive statistics and hypothesis testing concluded that the ALMo-DML shows a 

significant effect on the engagement of students with dyslexia. This can be seen from the longer engagement 

with the adaptive model compared to the non-adaptive model. In addition, we triangulate the experiment data 

with observation and SUS survey. All of the results support the experiment findings. Students with dyslexia 

who intervened using the adaptive learning model show positive engagement feedback in their behavior, 

social, cognitive, and affective elements. Therefore, it is concluded that the adaptive learning model can 

support students with dyslexia in learning the Malay language. The adaptive learning model has a high 

potential to support inclusive and equity education for students with disabilities. Hence, it is recommended to 

be used in a wider range of educational settings such as for students with other learning disabilities and 

students who are early readers. 

 

 

ACKNOWLEDGEMENTS 

Special thanks to the president of DAM, dyslexia expert panel, coordinator, teachers, parents, and 

students for great assistance in this research. We would also like to thank the university’s ethics committee 

which approved our application to conduct this study and IIUM-UMP Grant (RDU223210) for the financial 

support. 

 

 

REFERENCES 
[1] C. S. Brown, “Language and literacy development in the early years: foundational skills that support emergent readers,” The 

Language and Literacy Spectrum, vol. 24, pp. 35–49, 2014. 

[2] M. J. Snowling, C. Hulme, and K. Nation, “Defining and understanding dyslexia: past, present and future,” Oxford Review of 
Education, vol. 46, no. 4, pp. 501–513, Jul. 2020, doi: 10.1080/03054985.2020.1765756. 

[3] S. Ihbour, H. Anarghou, A. Boulhana, M. Najimi, and F. Chigr, “Mental health among students with neurodevelopment disorders: 

case of dyslexic children and adolescents,” Dementia and Neuropsychologia, vol. 15, no. 4, pp. 533–540, Dec. 2021,  
doi: 10.1590/1980-57642021dn15-040014. 

[4] D. Francis, J. L. Hudson, S. Kohnen, L. Mobach, and G. M. McArthur, “The effect of an integrated reading and anxiety 
intervention for poor readers with anxiety,” PeerJ, vol. 9, p. e10987, Feb. 2021, doi: 10.7717/peerj.10987. 

[5] S. N. Fitriya, “An evaluation of the preference-based teaching approach for children with dyslexia and challenging behaviours,” 

Asia Pacific Journal of Developmental Differences, vol. 6, no. 2, pp. 152–185, Jul. 2019, doi: 10.3850/S234573411900023X. 
[6] T. Høien and I. Lundberg, Dyslexia: from theory to intervention. Dordrecht: Springer Netherlands, 2000, doi: 10.1007/978-94-

017-1329-0. 

[7] R. Görgen, S. Huemer, G. Schulte-Körne, and K. Moll, “Evaluation of a digital game-based reading training for German children 

with reading disorder,” Computers and Education, vol. 150, p. 103834, Jun. 2020, doi: 10.1016/j.compedu.2020.103834. 

[8] D. A. Irwin, I. Arslan-Ari, and W. Morris, “Teachers’ value beliefs and usage of one-to-one devices for students with dyslexia: a 

descriptive study,” Education and Information Technologies, vol. 28, no. 8, p. 9529, 2023, doi: 10.1007/s10639-022-11450-5. 
[9] M. H. L. Abdullah, S. Hisham, and S. Parumo, “MyLexics,” ACM SIGACCESS Accessibility and Computing, no. 95, pp. 3–9, 

Sep. 2009, doi: 10.1145/1651259.1651260. 

[10] S. M. Daud and H. Abas, “‘Dyslexia Baca’ mobile app-the learning ecosystem for dyslexic children,” in 2013 International 
Conference on Advanced Computer Science Applications and Technologies, 2013, pp. 412–416, doi: 10.1109/ACSAT.2013.87. 

[11] F. Benmarrakchi, J. E. Kafi, and A. Elhore, “Communication technology for users with specific learning disabilities,” Procedia 

Computer Science, vol. 110, pp. 258–265, 2017, doi: 10.1016/j.procs.2017.06.093. 
[12] L. W. Lee, “Design and development of a Malay word recognition intervention program for children with dyslexia,” Australian 

Journal of Learning Difficulties, vol. 24, no. 2, pp. 163–179, Jul. 2019, doi: 10.1080/19404158.2019.1661261. 

[13] T. de Vreede, S. Andel, G.-J. de Vreede, P. Spector, V. Singh, and B. Padmanabhan, “What is engagement and how do we 
measure it? Toward a domain independent definition and scale,” in Proceedings of the Annual Hawaii International Conference 

on System Sciences, 2019, pp. 749–758, doi: 10.24251/HICSS.2019.092. 

[14] M. A. Qureshi, A. Khaskheli, J. A. Qureshi, S. A. Raza, and S. Q. Yousufi, “Factors affecting students’ learning performance 
through collaborative learning and engagement,” Interactive Learning Environments, vol. 31, no. 4, pp. 2371–2391, May 2023, 

doi: 10.1080/10494820.2021.1884886. 

[15] S. K. Thwalaa, C. S. Ugwuanyi, C. I. Okeke, N. N. Gamad, and A. Thewala, “Teachers’ experiences with dyslexic learners in 
mainstream classrooms: implications for teacher education,” International Journal of Higher Education, vol. 9, no. 6, pp. 34–43, 

Aug. 2020, doi: 10.5430/ijhe.v9n6p34. 



                ISSN: 2252-8822 

Int J Eval & Res Educ, Vol. 14, No. 2, April 2025: 1044-1055 

1054 

[16] J. L.-H. Bowden, L. Tickle, and K. Naumann, “The four pillars of tertiary student engagement and success: a holistic 

measurement approach,” Studies in Higher Education, vol. 46, no. 6, p. 1207, 2021, doi: 10.1080/03075079.2019.1672647. 
[17] S. Shrestha and P. Murano, “An algorithm for automatically detecting dyslexia on the fly,” International Journal of Computer 

Science and Information Technology, vol. 10, no. 3, pp. 1–18, Jun. 2018, doi: 10.5121/ijcsit.2018.10301. 

[18] E. Chanioti, “Dyslexia in primary school: a new platform for identifying reading errors and improving reading skills,” in Research 
on e-Learning and ICT in Education, T. A. Mikropoulos, Ed., Cham: Springer International Publishing, 2017, pp. 257–271,  

doi: 10.1007/978-3-319-34127-9_19. 

[19] R. Wang, L. Chen, I. Solheim, T. Schulz, and A. Ayesh, “Conceptual motivation modeling for students with dyslexia for 
enhanced assistive learning,” in Proceedings of the 2017 ACM Workshop on Intelligent Interfaces for Ubiquitous and Smart 

Learning, New York, NY, USA: ACM, Mar. 2017, pp. 11–18, doi: 10.1145/3038535.3038542. 

[20] H. Jamshidifarsani, S. Garbaya, T. Lim, and P. Blazevic, “Intelligent games for learning and the remediation of dyslexia: using 
automaticity principles,” IEEE Systems, Man, and Cybernetics Magazine, vol. 7, no. 1, pp. 15–24, Jan. 2021,  

doi: 10.1109/MSMC.2020.3007131. 

[21] S. E. Schultz and I. Arroyo, “Tracing knowledge and engagement in parallel in an intelligent tutoring system,” in Proceedings of 
the 7th International Conference on Educational Data Mining (EDM), 2014, pp. 312–315. 

[22] S. F. Rief and J. M. Stern, The dyslexia checklist: a practical reference for parents and teachers. San Francisco, CA: Jossey-Bass 

teacher, 2010. 
[23] J. W. Creswell and J. D. Creswell, Research design: qualitative, quantitative, and mixed methods approaches, 5th ed. Thousand 

Oaks, CA: SAGE Publications, Inc., 2018. 

[24] J. W. Creswell, Educational research: Planning, conducting, and evaluating quantitative and qualitative research. Pearson, 2015. 
[25] V. Beserra, M. Nussbaum, and M. Oteo, “On-task and off-task behavior in the classroom: a study on mathematics learning with 

educational video games,” Journal of Educational Computing Research, vol. 56, no. 8, pp. 1361–1383, Jan. 2019, doi: 

10.1177/0735633117744346. 
[26] J. Whitehill, Z. Serpell, Y.-C. Lin, A. Foster, and J. R. Movellan, “The faces of engagement: automatic recognition of student 

engagement from facial expressions,” IEEE Transactions on Affective Computing, vol. 5, no. 1, pp. 86–98, Jan. 2014,  
doi: 10.1109/TAFFC.2014.2316163. 

[27] L. Wozney et al., “Usability, learnability and performance evaluation of intelligent research and intervention software: a delivery 

platform for eHealth interventions,” Health Informatics Journal, vol. 22, no. 3, p. 730, 2016, doi: 10.1177/1460458215586803. 
[28] J. Heo and J. Lee, “CiSA: an inclusive chatbot service for international students and academics,” in HCI International 2019–Late 

Breaking Papers: 21st HCI International Conference, 2019, pp. 153–167, doi: 10.1007/978-3-030-30033-3_12. 

[29] D. S. T. Cheung, T. W. H. Kwok, S. Liu, R. E. Rhodes, C.-L. Chiang, and C.-C. Lin, “Development and usability testing of a 
technology-based intervention for promoting physical activity among post-treatment cancer survivors (WExercise) using the 

multi-process action control framework,” Internet Interventions, vol. 36, p. 100730, Jun. 2024, doi: 

10.1016/j.invent.2024.100730. 
[30] D. Roberts, “Multimedia learning methods and affective, behavioural and cognitive engagement: a universal approach to dyslexia?” 

Journal of Further and Higher Education, vol. 46, no. 1, pp. 62–75, Jan. 2022, doi: 10.1080/0309877X.2021.1879746. 

[31] W. G. Alghabban and R. Hendley, “The impact of adaptation based on students’ dyslexia type: an empirical evaluation of 
students’ satisfaction,” in Adjunct Publication of the 28th ACM Conference on User Modeling, Adaptation and Personalization, 

Jul. 2020, pp. 41–46, doi: 10.1145/3386392.3397596. 

[32] L. Rello, M. Ballesteros, and J. P. Bigham, “A spellchecker for dyslexia,” in Proceedings of the 17th International ACM 
SIGACCESS Conference on Computers and Accessibility-ASSETS ’15, 2015, pp. 39–47, doi: 10.1145/2700648.2809850. 

[33] L. D. Copeland and T. D. Gedeon, “Tutorials in eLearning-how presentation affects outcomes,” IEEE Transactions on Emerging 

Topics in Computing, vol. 5, no. 1, pp. 20–31, Jan. 2017, doi: 10.1109/TETC.2015.2499257. 
[34] L. Kosikowski, A. Czyzewski, and A. Senderski, “Visual and auditory attention stimulator for assisting pedagogical therapy,” in 

2015 8th International Conference on Human System Interaction (HSI), Jun. 2015, pp. 340–34, doi: 10.1109/HSI.2015.7170690. 

[35] O. Alhadreti, “Assessing academics’ perceptions of blackboard usability using SUS and CSUQ: a case study during the  
COVID-19 pandemic,” International Journal of Human–Computer Interaction, vol. 37, no. 11, pp. 1003–1015, Jul. 2021,  

doi: 10.1080/10447318.2020.1861766. 

[36] J. Brooke, “SUS: a retrospective,” Journal of Usability Studies, vol. 8, no. 2, pp. 29–40, 2013. 
[37] I. Cohen, “Automatic facial expression recognition from video sequences using temporal information,” M.S. thesis, University of 

Illinois at Urbana-Champaign, Champaign, Illinois, USA, 2000. 

[38] C.-H. Chen, V. Law, and K. Huang, “Adaptive scaffolding and engagement in digital game-based learning,” Educational 
Technology Research and Development, vol. 71, no. 4, pp. 1785–1798, Aug. 2023, doi: 10.1007/s11423-023-10244-x. 

[39] S. Lackmann, P.-M. Léger, P. Charland, C. Aubé, and J. Talbot, “The influence of video format on engagement and performance 

in online learning,” Brain Sciences, vol. 11, no. 2, p. 128, Jan. 2021, doi: 10.3390/brainsci11020128. 

 

 

BIOGRAPHIES OF AUTHORS 
 

 

Siti Suhaila Abdul Hamid     is a Senior Lecturer at the Faculty of Computing from 

Universiti Malaysia Pahang Al-Sultan Abdullah (UMPSA). She obtained her Doctoral Degree 

from Universiti Putra Malaysia. She completed her Master’s Degree in Information 

Technology at Universiti Kebangsaan Malaysia, Bangi, and earned her Bachelor’s Degree in 

Computer Science from Universiti Teknologi Malaysia, Skudai, Malaysia. Her research 

expertise includes dyslexia, adaptive learning, and children interaction. She has a high focus 

on human-computer interaction (HCI) and computer-based teaching and learning. 

Additionally, her work covers areas such as information system (IS) planning, business-IT 

strategic planning, adaptive learning, intelligent tutoring systems, and machine learning. She 

can be contacted at email: sitisuhaila@umpsa.edu.my. 

https://orcid.org/0009-0008-1792-074X
https://scholar.google.com/citations?hl=en&user=iKtVL7AAAAAJ
https://www.scopus.com/authid/detail.uri?authorId=57143814600
https://www.webofscience.com/wos/author/record/LFT-9466-2024


Int J Eval & Res Educ  ISSN: 2252-8822  

 

Assessing the effectiveness of the adaptation learning model for dyslexic … (Siti Suhaila Abdul Hamid) 

1055 

 

Novia Admodisastro     is currently an Associate Professor in the Department of 

Software Engineering and Information System, Universiti Putra Malaysia. She received her 

Master’s (Software Engineering) from University Malaya, Malaysia, and Ph.D (Computing) 

from Lancaster University, UK. Her research papers have earned several awards including the 

best paper/presentation awards, national and international conferences. She is actively 

involved in research competitions and innovation where she received numerous awards, 

including the latest Gold Awards in PECIPTA2019, PICTL2021, and IUCEL2022. She works 

with ministries and industries for training, consultation, and collaboration work. Novia is the 

founder of hive digital education, a startup that aims to provide sustainable digital education 

for diverse and inclusive populations. She can be contacted at email: novia@upm.edu.my. 

  

 

Zahian Ismail     is a Senior Lecturer at the Faculty of Computing Universiti 

Malaysia Pahang Al-Sultan Abdullah. She received her Doctoral Degree in Computer 

Networks from Universiti Sains Malaysia in 2020. She completed her Master’s Degree in 

Computer Networks at Universiti Kebangsaan Malaysia, Bangi, in 2011, and earned her 

Bachelor’s Degree in Computer Science from Universiti Kebangsaan Malaysia, Bangi, in 

2007. Her research expertise includes mobile ad-hoc networks (MANET), ad-hoc computing 

(including vehicular ad-hoc networks (VANET) and mobile ad-hoc networks (MANET)), and 

intrusion detection systems. She also focuses on data and network security, machine learning, 

data mining, routing and switching, and circuits and networks. She can be contacted at email: 

zahian@umpsa.edu.my. 

  

 

Nabilah Filzah Mohd Radzuan     is a Senior Lecturer at the Faculty of Computing, 

Universiti Malaysia Pahang Al-Sultan Abdullah (UMPSA). She obtained her Doctoral Degree in 

Computer Science from Universiti Kebangsaan Malaysia, Bangi, in 2020. She earned her 

Master’s Degree from Universiti Utara Malaysia in 2012, and her Bachelor’s Degree from 

Universiti Malaysia Sabah in 2009. Her research expertise includes data mining and optimization, 

with a very high focus on data mining, the internet of things (IoT), and predictive analytics. She 

is also highly engaged in mobile computing, artificial intelligence, and data science. Her work 

extends to data analytics and multimedia, including computer-assisted and web-based 

approaches. She can be contacted at email: nabilahfilzah@umpsa.edu.my. 

  

 

Adzhar Kamaludin     is currently an Associate Professor and a Dean of the Faculty 

of Computing at Universiti Malaysia Pahang Al-Sultan Abdullah (UMPSA). He obtained a 

Doctoral Degree from Loughborough University, UK, in 2010. Prior to that, he completed a 

Master’s Degree at Warwick University, UK, in 1997. His expertise lies in E-Learning and 

Computer Science, with a particular focus on computer-based teaching and learning. He had 

successfully supervised the graduation of 7 Ph.D. students and 2 Master’s students. Currently, 

supervise 4 Ph.D. students and 2 Master’s students. He has experienced securing several grants 

and the latest is “A model for investigating the effectiveness of post-pandemic blended learning 

in institutions of higher learning.” He can be contacted at email: adzhar@umpsa.edu.my. 

  

 

Murni Mahmud     is a Professor at the Department of Information Systems, 

Kulliyyah of Information and Communication Technology (KICT) and the dean of KICT. She 

earned her Doctor of Philosophy in Computation from the University of Manchester. She 

completed her Master of Science in Computer Science at the State University of New York at 

Binghamton, where she also earned her Bachelor of Science in Computer Science. Her interest 

is in the field of human computer interaction (HCI), is interested in research in the areas of 

interaction design evaluation methods, usability and accessibility of website user interfaces, 

usability and accessibility of information and technology tools/software for elderly and people 

with special needs. She is a member of MyHCI-UX, MyAIS, PECAMP, Human Factor and 

Ergonomic Malaysia (HFEM), Association for Computing Machinery (ACM), (professional 

membership since April 2009), Association for Information Systems, (membership since May 

2009) and Interaction Design Foundation. She can be contacted at email: murni@iium.edu.my. 

 

https://orcid.org/0000-0002-1715-946X
https://scholar.google.com/citations?user=S8DBQT8AAAAJ&hl=en
https://www.scopus.com/authid/detail.uri?authorId=24764396500
https://www.webofscience.com/wos/author/record/1031215
https://orcid.org/0000-0003-4143-6305
https://scholar.google.com/citations?user=Otk90IwAAAAJ&hl=en
https://www.scopus.com/authid/detail.uri?authorId=57143814600
https://orcid.org/0000-0002-6277-1738
https://scholar.google.com.my/citations?hl=en&user=8N6Dc54AAAAJ&view_op=list_works&sortby=pubdate
https://www.webofscience.com/wos/author/record/2301589
https://orcid.org/0000-0002-0638-5293
https://scholar.google.com.my/citations?user=Cq9gZQ8AAAAJ&hl=en
https://www.scopus.com/authid/detail.uri?authorId=56042986100
https://orcid.org/0000-0002-1658-6945
https://scholar.google.com/citations?hl=en&user=ha3pX3sAAAAJ
https://www.scopus.com/authid/detail.uri?authorId=23393269900
https://www.webofscience.com/wos/author/record/ACG-1054-2022

