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 Various technologies have been used in making teaching and learning 

sessions more effective, fun, and enjoyable. One of the ways to make 

teaching and learning interactive is by emphasizing the use of mobile 

augmented reality (MAR). Thus, this study has proposed using MAR for a 

chemistry subject, namely science exploration (SCIENEX). This study 

adopted design and development research (DDR) by employing the analysis, 

design, development, implementation, and evaluation (ADDIE) model. The 

phases involved in DDR are ADDIE. SCIENEX was evaluated based on its 

validity, usability, and effectiveness. Five experts validated SCIENEX after 

it had been completely developed. The samples for usability testing and 

effectiveness of SCIENEX were 30 secondary school students who were 

studying chemistry. The results of the evaluation of the experts’ validation 

revealed that SCIENEX is a valid and appropriate MAR application for the 

learning of topics in chemistry. The result also revealed that the majority of 

students strongly agreed that SCIENEX is appropriate for the usage of MAR 

in learning chemistry, as it is fun, easy to use, and helps students to 

understand their learning. Interestingly, SCIENEX could increase students’ 

performance in their learning (t=21.754; p=0.000). Thus, it can be concluded 

that SCIENEX is valid, can be used for learning chemistry, and can help 

students in their learning. The limitations of this study and future 

suggestions for research are also discussed. 
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1. INTRODUCTION 

Teaching and learning during the 21st century require secondary school students to acquire many 

skills, such as critical thinking skills and problem-solving abilities. These skills are needed in learning 

chemistry, as this subject is one of the most difficult subjects for secondary school students. It requires 

students to think critically and to imagine the content to achieve in-depth understanding. Meanwhile, teachers 
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in the 21st century must be creative and should emphasize innovation in their teaching style to boost 

students’ critical thinking skills. Thus, there is a need to have innovation in pedagogy and learning for 

chemistry to help both teachers and students. One way to emphasize innovation is by using technology for 

teaching and learning. Various technologies have been used in the classroom, such as game-based  

learning [1], [2], learning via courseware [3], task-based learning [4], modular learning [5], [6] mobile 

technology [7], and augmented reality (AR) [8]–[11]. These technologies have a positive impact on students’ 

achievement, engagement, motivation, and curiosity in their learning. 

Singhal et al. [12] revealed that AR could support the seamless interaction between real and virtual 

environments. In addition, their study also found that AR technology allows the use of a tangible interface 

metaphor for object manipulation. Hanid et al. [13] conducted a review of 26 studies and found various 

learning strategies can be applied using AR, such as interactive learning, mobile learning, experiential 

learning, creative design learning motivation, problem-based learning, collaborative learning, game-based 

learning, argumentation-based science learning, blended learning, and ubiquitous-learning (u-learning). This 

finding proved that AR is a powerful tool that can be used in both teaching and learning. In addition, other 

studies found that AR can motivate students in learning [14], [15] emphasize the excitement and enjoyment 

in learning [16], [17] promote interactive learning [18], increase students’ interest in learning [19], increase 

students’ achievement in learning [20], [21] and improve the quality of teaching and learning [22]. 

Due its effectiveness, AR technology has a high potential for improving learning among secondary 

school students in Malaysia. However, to date, there is a lack of technology in the teaching and learning of 

chemistry for secondary school students in the country [23], [24]. In addition, certain topics in chemistry 

need to be visualized to facilitate understanding, as some are difficult to comprehend. Therefore, there is a 

need to propose the use of AR in teaching and learning chemistry, in this instance, science exploration 

(SCIENEX), as one of the pedagogical tools for use with secondary school students in Malaysia. 

AR is an enhanced version of the real physical world; it is achieved using digital visual elements, 

sound, or other sensory stimuli delivered via technology. Thus, AR is one of the technological tools that can 

be used for teaching and learning in education. Research by Tobar-Muñoz et al. [25] used AR in teaching and 

learning to promote reading comprehension among primary school students and found that AR could increase 

motivation and interest in problem-solving, exploration, and socialization behaviors. Another study 

conducted by Hung et al. [26] found that an AR educational book could improve primary school students’ 

learning when using picture books. Moreover, AR had also been implemented through mobile augmented 

reality (MAR) for learning in studies such as MAR learning media with metaverse to improve student 

learning outcomes in science class [27], a virtual reality-based application on human cell division for mobile 

learning [28], entrepreneurship education through MAR for introducing universities and small and medium-

sized enterprises (SMEs) in higher education [29] and MAR for campus visualization using marker less 

tracking in an Indonesian private university [30]. 

In Malaysia, it was found that using AR among school students has a positive impact on learning. 

Bistaman et al. [31] revealed that AR improved the whole class collaboration through communication with 

each other to learn and obtain mutual benefits. Research also found that AR could trigger students’ 

motivation, enjoyment, and curiosity in learning. Furthermore, Tan and Lim [32] revealed that AR could 

support the interaction between students and cultivate more interest in learning. The following are the AR 

applications used for creative learning among secondary school students in Malaysia: an AR system for 

biology science education in Malaysia [33], a science textbook enhanced using AR [34]–[37]. AR in teaching 

and learning English reading [35], developing vocabulary knowledge among low achievers using MAR [36], 

and designing a game-based learning kit with the integration of AR for learning geography [37]. AR is one of 

the creative pedagogical approaches used in Malaysian secondary schools. 

However, previous studies have focused only on subjects such as Biology, History, Science, 

English, and Geography, and there is a lack of studies on the use of AR applications for studying chemistry 

in secondary schools. Saidin et al. [38] proposed using MAR for learning chemical bonds; Lam et al. [24] 

developed interactive AR with natural action for learning chemistry experiments; Jamil and Yasak [39] 

developed the AR application for the study of chemical bonds. However, no studies have proposed the 

application of AR in chemistry focused on the reaction of potassium (kalium), sodium (natrium), and lithium 

(litium) with water. Thus, this study proposes an AR tool, namely SCIENEX, for studying this aspect of 

chemistry for secondary school students. Therefore, the following research objectives are posed to guide the 

implementation of this study: i) to develop a visual 3D animated model of the reaction for potassium 

(kalium), sodium (natrium), and lithium (litium) with water; ii) to develop an interactive MAR known as 

SCIENEX for the chemistry topic “Reactivity of Metals”; iii) to validate SCIENEX for use in teaching and 

learning chemistry from the experts’ perspective; iv) to evaluate the usability of SCIENEX for use in 

teaching and learning chemistry from the users’ perspective; v) to examine the effect of SCIENEX on 
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students’ performance in learning chemistry. The hypothesis in study as: there is no significant difference in 

students’ performance before and after using SCIENEX (H0). 

 

 

2. RESEARCH METHOD 

2.1.  Research procedure 

Firstly, the 3D animated models of the reaction for potassium (kalium), sodium (natrium), and 

lithium (litium) with water were developed. After that, SCIENEX was developed using augmented reality. 

Next, five experts validated SCIENEX as appropriate for use in learning chemistry. Then, the usability of 

SCIENEX was evaluated based on the users’ perspective. Finally, the effect of SCIENEX on students’ 

performance was examined.  

 

2.2.  Respondents 

This study involved two groups of respondents, namely experts and users. The purposive sampling 

technique were employed in this study. Several criteria were used to select the experts: i) had more than 10 

years in AR; ii) was expert in teaching chemistry subject for more than 10 years; and iii) had experience in 

the design of mobile applications. Next, the other sample of this study was the users of SCIENEX. The 

sample comprised 30 students studying at one of the secondary schools in Malaysia. There were several 

criteria, such as: i) students were enrolled in learning chemistry; ii) students are in form 4; and iii) students 

had problems in learning the reactions for potassium (kalium), sodium (natrium), and lithium (litium) with 

water. The samples evaluated the usability of SCIENEX in terms of screen, navigation, content, and ease of 

use through a survey. Besides that, these samples were also involved in investigating the effect of students’ 

performance in learning chemistry before and after using SCIENEX. 

 

2.3.  Research design 

This study employed the design and development research (DDR) approach, which has several 

strengths. First, the DDR can establish new procedures, techniques, and tools based on a specific needs 

analysis [40]. Second, this methodology is also formerly known as an established method for developmental 

research [41]–[43]. In addition, several applied studies have employed DDR to develop AR for pedagogical 

tools as their established research design [44], [45]. This finding proved that DDR is an appropriate research 

design for the development of SCIENEX in this study. 

 

2.4.  Analysis, design, development, implementation, and evaluation (ADDIE) model 

This study adopted the ADDIE model to design and develop SCIENEX. This involved five phases 

as shown in Figure 1 which are analysis of the software and Topic in SCIENEX, design of the 3D model and 

interface for SCIENEX, development of the 3D model and SCIENEX, implementation of SCIENEX via 

mobile applications and evaluation of SCIENEX. 
 

 

 
 

Figure 1. Analysis, design, development, implementation, and evaluation (ADDIE) model 
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2.4.1. Analysis of the software and topic in SCIENEX 

In the analysis section, the software and topics in SCIENEX were analyzed. SCIENEX was 

successfully developed using Unity Hub, Vuforia, and Blender as the supporting software. Unity Hub is the 

main software to develop SCIENEX. Next, Vuforia has its own database, which can be used by users as 

detection and to create a database button for SCIENEX. Vuforia allows developers to create limitless 

databases; it also supports 3D model detection and single image detection in SCIENEX.  

The quick response (QR) code image was produced using a QR code maker, which is free and has a 

function of multiple QR code determinations. The QR code is decided based on the selection used to 

determine the shape of the QR code. To make the QR code image easily recognizable by users, a logo was 

uploaded to the website. The logo was the name of the markers consisting of potassium (kalium), sodium 

(natrium), and lithium (litium) and water. The logo was placed in the middle of the QR code image. The topic 

for SCIENEX is “Reactivity of Metals”. 

 

2.4.2. Design of the 3D model and interface for SCIENEX 

The 3D model and interface of SCIENEX were designed in the following phase. Unity Hub can 

create 2D and 3D high-definition RP using Universal Render Pipeline. This study used Unity Hub to design 

the atom structure and visualize the 3D animated reaction for potassium (kalium), sodium (natrium), and 

lithium (litium) with water for SCIENEX. The interface for SCIENEX was also designed in this phase. 

 

2.4.3. Development of the 3D model and SCIENEX 

As stated previously, SCIENEX has four QR code images, which are potassium (kalium), sodium 

(natrium), and lithium (litium) and water. Figure 2 shows the result of the development of QR codes for 

SCIENEX created by QR Code Maker. SCIENEX also has several animations in the interface, such as the 

interface for the main page and start menu as shown in Figures 3 and 4. In Figure 5, the green 3D text shows 

the 3D atom structure of potassium. The red 3D text shows the number of protons, blue for the number of 

neutrons, and yellow for the number of electrons for kalium. Figure 6 shows the reaction of potassium with 

water. Next, Figure 7 shows the 3D atom structures of sodium (natrium), and Figure 8 shows its reaction 

with water. Lastly, Figure 9 shows the 3D atom structures of lithium (litium) and Figure 10 shows its reaction 

with water. After SCIENEX was fully developed, it was validated by five experts, who agreed that 

SCIENEX is appropriate for learning chemistry.  

 

 

    
 

Figure 2. Result of QR code images created by QR code maker 

 

 

  
  

Figure 3. SCIENEX interface in mobile Figure 4. The main menu of SCIENEX in mobile 
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Figure 5. 3D atom structures of potassium (kalium) Figure 6. Potassium (kalium) reaction when reacted 

with water 
 

 

  
  

Figure 7. 3D atom structures of sodium (natrium) Figure 8. Sodium (natrium) reaction when reacted 

with water 
 

 

  
  

Figure 9. 3D atom structures of lithium (litium) Figure 10. Lithium (litium) reaction when reacted 

with water 
 

 

2.4.4. Implementation of SCIENEX via mobile applications 

After the development of SCIENEX was completed, it was implemented via a mobile app. The 

duration of the implementation of the SCIENEX is 3 weeks. Next, usability testing was conducted on 

SCIENEX. 

 

2.4.5. Evaluation of the SCIENEX 

The evaluation in this study consists of two parts, which are the usability of SCIENEX and the 

effect of SCIENEX on students’ performance. Previous studies have employed multiple analyses, such as the 

Rasch model analysis [46]–[48], confirmatory factor analysis, t-test, and others to conduct an evaluation 

analysis. Usability testing analysis is one of the approaches for evaluating the design and development of 

products. The evaluation of SCIENEX was carried out in this study using usability testing of the screen, 

navigation, content, and ease of use. A survey was conducted to test the usability of SCIENEX on 30 

secondary school students. After using SCIENEX, they answered the questionnaire that was adapted from 

previous study [49]. The questionnaire has five parts: demographics (4 items), screen (6 items), navigation 

screen (7 items), content screen (4 items), and ease of use screen (4 items). Before proceeding with the data 

collection, two experts who were senior lecturers from one Malaysian university validated the questionnaire. 

A pilot study was conducted on 15 secondary school students, and the result revealed that the value of 

Cronbach’s alpha was 0.91; the score is almost perfect [50]. Thus, the questionnaire used was valid and 

reliable for this study.  
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After that, the effect of SCIENEX was evaluated based on students’ performance using pre-test, 

post-test, and t-test. The pre-test consists of ten subjective questions regarding the reactivity of metals, 

whereas the post-test includes the same questions as the pre-test. However, the numbering for the questions 

was rearranged to avoid students from remembering that they are the same questions. The pre-test and post-

test were validated by three experts who are teachers who taught chemistry in school. To establish the 

reliability of the pre-test and post-test, this study conducted a test-retest on 15 students for the pilot study. 

The reliability of the pre-test and post-test was obtained via the test-retest for the correlation coefficient. The 

result reveals that the correlation coefficient was 0.93, which is categorized under the higher and good 

category. Thus, it is proven that all items in the pre-test and post-test were consistent and could be used for 

this study.  

 

 

3. RESULTS AND DISCUSSION 
3.1.  Result of validity of SCIENEX 

The results of the validity test for SCIENEX from the experts’ perspective are shown in Table 1. 

Several criteria were evaluated by the five experts. Four experts evaluated the design of SCIENEX as 

excellent, and one expert assessed it as good. All the experts evaluated that all elements in SCIENEX as 

excellent. In addition, all the experts evaluated the ease of understanding of SCIENEX as excellent. Then, 

four experts evaluated the usability of SCIENEX as excellent and one of the experts evaluated it as good. All 

the experts also stated that SCIENEX is fun and enjoyable for learning chemistry. Next, the content of 

SCIENEX was evaluated as excellent by all experts. Thus, it was proved that SCIENEX is a valid and 

appropriate MAR tool for learning chemistry. The experts’ validation in the development of an AR 

application is very important to establish its validity in terms of media, content, and design [51], [52]. The 

experts’ judgement was also important to improve SCIENEX, if any improvement were needed. Thus, it is 

established that SCIENEX can be used for learning chemistry. 

 

 

Table 1. The validity of SCIENEX 

Criteria Experts 

Marks 

1-2 3-4 5-6 7-8 9-10 

Need improvement Average Fairly good Good Excellent 

Design of SCIENEX 1     / 

2     / 
3     / 

4     / 

5    /  
Elements in SCIENEX 1     / 

2     / 

3     / 
4     / 

5     / 

Ease of understanding SCIENEX 1     / 
2     / 

3     / 

4     / 
5     / 

Usability of SCIENEX 1     / 

2    /  
3     / 

4     / 

5     / 
Fun and enjoyment of SCIENEX 1     / 

2     / 

3     / 
4     / 

5     / 
Content of SCIENEX 1     / 

2     / 

3     / 
4     / 

5     / 
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3.2.  Result of usability of SCIENEX 

3.2.1. Demographic of respondents 

The result from the demographic section of the survey revealed that 67% (n=20) of the students 

were male, while 33% (n=10) were female. Most of them (100%) agreed that metal reactiveness was a 

difficult topic, and they also agreed that SCIENEX helped them to learn metal reactiveness better. Table 2 

shows the result of the demographics in this study. Midak et al. [53] revealed that using AR could help 

students to visualize some images for learning chemistry, while Schez-Sobrino et al. [54] stressed that AR is 

one of the modern approaches that supports visualization from 2D notation to 3D. Thus, it is proven that AR 

is a powerful tool to visualize images in helping students understand complex topics or subjects.  
 

 

Table 2. Demographic of respondents 
Items Frequency (n) Percentages (%) 

Gender Male 20 67 
Female 10 33 

Metal reactiveness is a difficult topic Yes 30 100 

No 0 0 
SCIENEX helps students to learn metal reactiveness better Yes 30 100 

No 0 0 

 

 

3.2.2. Screen of SCIENEX 

Usability testing was used to evaluate SCIENEX based on the screen of SCIENEX as in Figure 11. 

A total 100% of the students strongly agreed that SCIENEX is fun and that the use of sound made learning 

easy, that its menu was easy to use, and it had a simple design. In addition, 99% of the students strongly 

agreed and 1% agreed that SCIENEX has a selectable button. Meanwhile, 92% of the students strongly 

agreed and 8% agreed that SCIENEX has a simple menu design. This finding proved that AR can make 

learning more fun [55]. Similarly, Yavuz et al. [56] also found that an AR application could make students 

enjoy and have fun in their learning. A good screen can affect students’ learning satisfaction, as they are 

comfortable with their learning tools. Similar findings were revealed Chou et al. [57] in which AR is related 

to students’ learning satisfaction.  

 

 

 
 

Figure 11. Result of usability testing for the screen of SCIENEX 

 

 

3.2.3. Navigation of SCIENEX 

Next, another usability test was conducted on SCIENEX to assess its navigation. Figure 12 shows 

the result of this test. 100% of the students strongly agreed that SCIENEX has a detectable quick response 

(QR), short loading time, and straightforward application. They also agreed that it is simple to go to another 

menu, and the button works well when it is touched. In addition, 5% of the students agreed that when using 

SCIENEX they know where they are in the application and 2% of the students agreed that SCIENEX is a 

responsive application. AR has been used by other studies for the development of a mobile application 

because it can provide excellent navigation [58]–[60]. 
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Figure 12. Result of usability testing for the navigation of SCIENEX 

 

 

3.2.4. Content of SCIENEX 

The usability testing of the content of SCIENEX was also evaluated; 100% of the students agreed 

that SCIENEX has helped them to differentiate the type of reaction process clearly (i.e., potassium, sodium, 

and lithium), while 98% of the students strongly agreed and 2% of the students agreed that SCIENEX helped 

them in distinguishing metal reactiveness (i.e., potassium, sodium, and lithium). This finding is supported by 

previous researchers [54], [61] who found that AR can help students to visualize content that is difficult to 

differentiate via teaching and learning in the classroom. Next, 94% of the students strongly agreed and 6% 

agreed that SCIENEX provides fun learning experiences. Abdinejad et al. [62] proved that using an AR 

application can boost students’ enjoyment of learning. In addition, Kao and Ruan [63] found that AR can 

make students’ learning fun. In total, 97% of the students strongly agreed and 3% agreed that SCIENEX 

contained useful information. This finding is strongly supported by several studies [64], [65] which stated 

that AR can help students learn better and have a better understanding of the reaction for potassium (kalium), 

sodium (natrium), and lithium (litium) with water when using SCIENEX through visualization in AR.  

Figure 13 shows the result of usability testing for the content of SCIENEX.  

 

 

 
 

Figure 13. Result of usability testing for the content of SCIENEX 
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3.2.5. Ease of use of SCIENEX 

The ease of use of SCIENEX was evaluated as seen in Figure 14. All (100%) of the students 

strongly agreed that SCIENEX used simple language. This helps students to become faster, better, and 

smarter in understanding the content they are learning [66]. In addition, 96% of the students strongly agreed 

and 4% agreed that SCIENEX used simple words. Stahl and Nagy [67] strongly supported that the use of 

simple and meaningful words can help students to understand the learning content. Meanwhile, 98% of the 

students strongly agreed and 2% agreed that they felt happy when using SCIENEX. Kasinathan et al. [68] 

revealed that AR promotes interactive learning that is interesting and enjoyable with easy navigation. Finally, 

95% of the students strongly agreed and 2% agreed that they could remember how to use SCIENEX. The 

interface used in SCIENEX helped students utilize it and they could easily remember how to use it. 

 

 

 
 

Figure 14. Result of usability testing for the ease of use of SCIENEX 

 

 

3.3.  The results of the effect of SCIENEX on students’ performance 

This section discusses the evaluation of the students’ performance before and after using SCIENEX. 

The result indicates that students’ marks increased from the pre-test to the post-test as shown in Figure 15. 

Thus, all the students improved their marks after learning the reaction for potassium (kalium), sodium 

(natrium), and lithium (litium) with water using SCIENEX. After that, a t-test was conducted to examine the 

effect of SCIENEX on students’ performance. Normality tests need to be conducted before proceeding to the 

t-test analysis. Kolmogorov-Smirnov and Shapiro-Wilk tests were conducted to test the normality data. The 

results of both tests revealed that p>0.005, due to Kolmogorov-Smirnov (pre-test; p=0.182, post-test; 

p=0.200) and Shapiro-Wilk (pre-test; p=0.555, post-test; p=0.268). Thus, the data for the pre-test and post-

test are normally distributed. Table 3 shows the result of the normality test. Both the pre-test and post-test 

had correlation which is 0.750 and significant as presented in Table 4. In order to assess the effect of 

SCIENEX on students’ performance, a paired sample t-test was used. The result revealed that t=21.754, 

p=.000, which is less than 0.005 as seen in Table 5. Thus, the null hypothesis was rejected. Based on the 

result found, it can be concluded that using SCIENEX increased students’ performance. 

This study finding is in accordance with several studies, which found that using an AR application 

can help students by improving students’ performance. Several studies, such as Estapa and Nadolny [69], 

found the effect of an AR-enhanced mathematics lesson on student achievement; Ibáñez et al. [70] revealed 

the impact of AR technology on the increased academic achievement of students from public and private 

Mexican schools; Fidan and Tuncel [71] revealed that applying AR to problem-based learning increased the 

learning achievement in physics students. Thus, it supported the claim that using AR helps students’ learning. 

This is due to the powerful technology of AR, which makes it possible to visualize the learning for abstract 

topics or subjects in an interesting manner [33], [72]–[78]. 
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Figure 15. Pre-test and post-test 

 

 

Table 3. Normality test 
 Kolmogorov-Smirnov Shapiro-Wilk 
 Statistic df Sig. Statistic Df Sig 

Pretest 146 30 103 967 30 466 

Posttest 109 30 200* 954 30 216 

*. This is a lower boundary of the true significance. 
a. Lilliefors significance correction. 

 

 

Table 4. Paired samples statistics 
 Mean N Std. Deviation Std. Error Mean Correlation 

Pre-test 10.5333 30 4.62179 84382 750 
Post-test 54.4000 30 14.07762 2.57021 

 

 

Table 5. Paired samples t-test 
 Paired differences 

t df 
Sig. 

(2-tailed) Mean Std. Deviation 
Std. Error 

mean 

95% confidence interval of 

the difference 

Lower Upper 

Posttest-pretest 43.86667 11.04453 2.01645 47.99076 39.74257 21.754 29 000 

 

 

4. CONCLUSION 

This study has proposed an augmented reality tool, namely science exploration (SCIENEX), for 

studying the chemistry subject for secondary school students. SCIENEX is a technology tool, which was 

developed using mobile augmented reality, to teach chemistry to secondary school students. It is an 

established and valid tool for learning chemistry based on the experts’ evaluation. The usability testing of 

SCIENEX has proven that it can be used in learning chemistry based on the users’ perspective. In addition, 

SCIENEX has also increased students’ performance in learning chemistry. The findings from this study 

indicated that students provided positive feedback and agreed that this application helps them to get a better 

understanding of chemistry. The findings also provided insights into the integration of technology in teaching 

and learning, specifically augmented reality. 

 

 

ACKNOWLEDGEMENTS 

The authors would like to extend their gratitude to Universiti Pendidikan Sultan Idris that helped 

fund this research. 

 

 

0

20

40

60

80

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

M
ar

ks

Students

Result of Pre-test & Post-test

Pre-test Post-test



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

 

Mobile augmented reality in learning chemistry subject: an evaluation of … (Noor Hidayah Che Lah) 

1017 

REFERENCES 
[1] W. E. Mueller and G. H. Massiha, “A interactive game to enhance student understanding of materials management,” 

International Journal of Evaluation and Research in Education (IJERE), vol. 1, no. 2, pp. 45–50, 2012, doi: 

10.11591/ijere.v1i2.1485. 

[2] L. Deng, S. Wu, Y. Chen, and Z. Peng, “Digital game-based learning in a Shanghai primary-school mathematics class: a case 
study,” Journal of Computer Assisted Learning, vol. 36, no. 5, pp. 709–717, 2020, doi: 10.1111/jcal.12438. 

[3] Q. H. Tran-Duong, “Expectations of primary school teachers on e-courseware support teaching: an evidence from Vietnam,” 

Education and Information Technologies, vol. 26, no. 5, pp. 5417–5437, 2021, doi: 10.1007/s10639-021-10543-x. 
[4] A. N. Afifah, Z. Sakinah, and M. Y. Melor, “Integrative task-based learning: developing speaking skill and increase motivation 

via Instagram,” International Journal of Academic Research in Business and Social Sciences, vol. 9, no. 1, pp. 620–636, 2019. 

[5] N. F. A. Zainal et al., “Robotic prototype and module specification for increasing the interest of Malaysian students in STEM 
education,” International Journal of Engineering and Technology (UAE), vol. 7, no. 3, pp. 286–290, 2018, doi: 

10.14419/ijet.v7i3.25.17583. 

[6] D. T. Wahyuningtyas and I. K. Suastika, “Developing of numbers learning module for primary school students by contextual 
teaching and learning approach,” JPDI (Jurnal Pendidikan Dasar Indonesia), vol. 1, no. 2, pp. 33–36, 2017, doi: 

10.26737/jpdi.v1i2.264. 

[7] S. N. Ismail, M. N. Omar, Y. Don, Y. W. Purnomo, and M. D. Kasa, “Teachers’ acceptance of mobile technology use towards 
innovative teaching in Malaysian secondary schools,” International Journal of Evaluation and Research in Education (IJERE), 

vol. 11, no. 1, pp. 120–127, 2022, doi: 10.11591/ijere.v11i1.21872. 

[8] Y. Liu, V. E. Sathishkumar, and A. Manickam, “Augmented reality technology based on school physical education training,” 
Computers and Electrical Engineering, vol. 99, 2022, doi: 10.1016/j.compeleceng.2022.107807. 

[9] N. Suprapto, W. Nandyansah, and H. Mubarok, “An evaluation of the ‘PicsAR’ research project: an augmented reality in physics 
learning,” International Journal of Emerging Technologies in Learning, vol. 15, no. 10, pp. 113–125, 2020, doi: 

10.3991/ijet.v15i10.12703. 

[10] A. A. Eldokhny and A. M. Drwish, “Effectiveness of augmented reality in online distance learning at the time of the COVID-19 
pandemic,” International Journal of Emerging Technologies in Learning, vol. 16, no. 9, pp. 198–218, 2021, doi: 

10.3991/ijet.v16i09.17895. 

[11] M. Alkhattabi, “Augmented reality as e-learning tool in primary schools’ education: barriers to teachers’ adoption,” International 
Journal of Emerging Technologies in Learning, vol. 12, no. 2, pp. 91–100, 2017, doi: 10.3991/ijet. v12i02.6158. 

[12] S. Singhal, S. Bagga, P. Goyal, and V. Saxena, “Augmented chemistry: interactive education system,” International Journal of 

Computer Applications, vol. 49, no. 15, pp. 1–5, Jul. 2012, doi: 10.5120/7700-1041. 
[13] M. F. A. Hanid, M. N. H. M. Said, and N. Yahaya, “Learning strategies using augmented reality technology in education: meta-

analysis,” Universal Journal of Educational Research, vol. 8, no. 5 A, pp. 51–56, 2020, doi: 10.13189/ujer.2020.081908. 

[14] T. Khan, K. Johnston, and J. Ophoff, “The impact of an augmented reality application on learning motivation of students,” 
Advances in Human-Computer Interaction, vol. 2019, 2019, doi: 10.1155/2019/7208494. 

[15] J. Bacca, S. Baldiris, R. Fabregat, and Kinshuk, “Framework for designing motivational augmented reality applications in 

vocational education and training,” Australasian Journal of Educational Technology, vol. 35, no. 3, pp. 102–117, 2019, doi: 
10.14742/ajet.4182. 

[16] M. Pedaste, G. Mitt, and T. Jürivete, “What is the effect of using mobile augmented reality in K12 inquiry-based learning?” 

Education Sciences, vol. 10, no. 4, 2020, doi: 10.3390/educsci10040094. 
[17] S. Zafar and J. J. Zachar, “Evaluation of HoloHuman augmented reality application as a novel educational tool in dentistry,” 

European Journal of Dental Education, vol. 24, no. 2, pp. 259–265, 2020, doi: 10.1111/eje.12492. 

[18] D. P. Kaur, A. Mantri, and B. Horan, “Enhancing student motivation with use of augmented reality for interactive learning in 
engineering education,” Procedia Computer Science, vol. 172, pp. 881–885, 2020, doi: 10.1016/j.procs.2020.05.127. 

[19] Y. S. Hsu, Y. H. Lin, and B. Yang, “Impact of augmented reality lessons on students’ STEM interest,” Research and Practice in 

Technology Enhanced Learning, vol. 12, no. 1, 2017, doi: 10.1186/s41039-016-0039-z. 
[20] C. Erbas and V. Demirer, “The effects of augmented reality on students’ academic achievement and motivation in a biology 

course,” Journal of Computer Assisted Learning, vol. 35, no. 3, pp. 450–458, 2019, doi: 10.1111/jcal.12350. 

[21] D. Sahin and R. M. Yilmaz, “The effect of augmented reality technology on middle school students’ achievements and attitudes 
towards science education,” Computers and Education, vol. 144, 2020, doi: 10.1016/j.compedu.2019.103710. 

[22] J. Yip, S. H. Wong, K. L. Yick, K. Chan, and K. H. Wong, “Improving quality of teaching and learning in classes by using 

augmented reality video,” Computers and Education, vol. 128, pp. 88–101, 2019, doi: 10.1016/j.compedu.2018.09.014. 
[23] N. F. Saidin, N. D. A. Halim, and N. Yahaya, “Framework for developing a mobile augmented reality for learning chemical 

bonds,” International Journal of Interactive Mobile Technologies, vol. 13, no. 7, pp. 54–68, 2019, doi: 

10.3991/ijim.v13i07.10750. 
[24] M. C. Lam et al., “Interactive augmented reality with natural action for chemistry experiment learning,” TEM Journal, vol. 9,  

no. 1, pp. 351–360, 2020, doi: 10.18421/TEM91-48. 

[25] H. Tobar-Muñoz, S. Baldiris, and R. Fabregat, “Augmented reality game-based learning: enriching students’ experience during 
reading comprehension activities,” Journal of Educational Computing Research, vol. 55, no. 7, pp. 901–936, 2017, doi: 

10.1177/0735633116689789. 

[26] Y. H. Hung, C. H. Chen, and S. W. Huang, “Applying augmented reality to enhance learning: a study of different teaching 
materials,” Journal of Computer Assisted Learning, vol. 33, no. 3, pp. 252–266, 2017, doi: 10.1111/jcal.12173. 

[27] A. Marini et al., “Mobile augmented reality learning media with metaverse to improve student learning outcomes in science 

class,” International Journal of Interactive Mobile Technologies, vol. 16, no. 7, pp. 99–115, 2022, doi: 
10.3991/ijim.v16i07.25727. 

[28] N. A. Nasharuddin, N. A. Khalid, and M. Hussin, “InCell VR: a virtual reality-based application on human cell division for 

mobile learning,” International Journal of Interactive Mobile Technologies, vol. 15, no. 2, pp. 55–71, 2021, doi: 
10.3991/ijim.v15i02.18049. 

[29] R. Situmorang, C. Kustandi, S. Maudiarti, R. Widyaningrum, and D. Ariani, “Entrepreneurship education through mobile 

augmented reality for introducing SMEs in higher education,” International Journal of Interactive Mobile Technologies, vol. 15, 
no. 3, pp. 17–29, 2021, doi: 10.3991/ijim.v15i03.18437. 

[30] B. Arifitama, G. Hanan, and M. H. Rofiqi, “Mobile augmented reality for campus visualization using markerless tracking in an 

Indonesian Private University,” International Journal of Interactive Mobile Technologies, vol. 15, no. 11, pp. 21–33, 2021, doi: 

10.3991/ijim.v15i11.20697. 



                ISSN: 2252-8822 

Int J Eval & Res Educ, Vol. 13, No. 2, April 2024: 1007-1020 

1018 

[31] I. N. M. Bistaman, S. Z. S. Idrus, and S. A. Rashid, “The use of augmented reality technology for primary school education in 

Perlis, Malaysia,” Journal of Physics: Conference Series, vol. 1019, no. 1, 2018, doi: 10.1088/1742-6596/1019/1/012064. 
[32] K. L. Tan and C. K. Lim, “Development of traditional musical instruments using augmented reality (AR) through mobile 

learning,” in AIP Conference Proceedings, 2018, vol. 2016, pp. 1–6, doi: 10.1063/1.5055542. 

[33] G. W. Ng, Y. B. Oon, H. Y. Lee, and E. H. Teoh, “An augmented reality system for biology science education in Malaysia,” 
International Journal of Innovative Computing, vol. 6, no. 2, pp. 8–13, 2016. 

[34] V. Gopalan et al., “Evaluation of E-star: an enhanced science textbook using augmented reality among lower secondary school 

students,” Jurnal Teknologi, vol. 77, no. 29, pp. 55–61, 2015, doi: 10.11113/jt.v77.6813. 
[35] M. Mohamed and A. Bakar, “Augmented Reality in teaching and learning English reading: realities, possibilities, and 

limitations,” International Journal of Academic Research in Progressive Education and Development, p. 15, 2019. 

[36] I. Jalaluddin, L. Ismail, and R. Darmi, “Developing vocabulary knowledge among low achievers: mobile augmented reality 
(MAR) practicality,” International Journal of Information and Education Technology, vol. 10, no. 11, pp. 813–819, 2020, doi: 

10.18178/ijiet.2020.10.11.1463. 

[37] O. A. Hong, N. D. A. Halim, N. N. Zulkifli, N. F. Jumaat, N. M. Zaid, and M. Mokhtar, “Designing game-based learning kit with 
integration of augmented reality for learning geography,” International Journal of Interactive Mobile Technologies, vol. 16, no. 

2, pp. 4–16, 2022, doi: 10.3991/ijim.v16i02.27377. 

[38] N. F. Saidin, N. D. A. Halim, and N. Yahaya, “Designing mobile augmented reality (MAR) for learning chemical bonds,” in 
Proceedings of the 2nd International Colloquium of Art and Design Education Research (i-CADER 2015), 2016, pp. 367–377, 

doi: 10.1007/978-981-10-0237-3_37. 

[39] N. Jamil and Z. Yasak, “Development of augmented reality application for chemical bond,” Research and Innovation in 
Technical and Vocational Education and Training, vol. 1, no. 1, pp. 82–88, 2021. 

[40] R. C. Richey and J. D. Klein, Design and development research. New Jersey: Lawrence Erlbaum Associates, 2007. 

[41] Z. Y. B. H. Jaludin, “Development and validation of mind mapping module in teaching and learning history Islamic law based on 
metacognitive,” 2020, doi: 10.2991/assehr.k.201017.178. 

[42] E. Ayub, G. W. Wei, J. E. Luaran, M. J. Keppell, L. C. Leong, and S. N. A. Mohamad, “A design and development research 
approach to redesigning an online module for education 4.0,” in 2019 IEEE Conference on e-Learning, e-Management & e- 

Services (IC3e), Nov. 2019, pp. 1–6, doi: 10.1109/IC3e47558.2019.8971787. 

[43] L. Shanmugam and G. Nadesan, “An innovative module for learning computational thinking skills among undergraduate 
students,” International Journal of Academic Research in Progressive Education and Development, vol. 8, no. 4, 2019, doi: 

10.6007/ijarped/v8-i4/6440. 

[44] P. Sarkar, “Exploring design strategies for augmented reality learning experience in classrooms,” in Adjunct Proceedings of the 
2020 IEEE International Symposium on Mixed and Augmented Reality, ISMAR-Adjunct 2020, Nov. 2020, pp. 314–316, doi: 

10.1109/ISMAR-Adjunct51615.2020.00089. 

[45] A. Mishra, S. Karmakar, A. Bose, and A. Dutta, “Design and development of IoT-based latency-optimized augmented reality 
framework in home automation and telemetry for smart lifestyle,” Journal of Reliable Intelligent Environments, vol. 6, no. 3,  

pp. 169–187, 2020, doi: 10.1007/s40860-020-00106-1. 

[46] N. H. Che Lah, Z. Tasir, and N. F. Jumaat, “Applying alternative method to evaluate online problem-solving skill inventory 
(OPSI) using Rasch model analysis,” Educational Studies, vol. 49, no. 4, pp. 644–666, 2023, doi: 

10.1080/03055698.2021.1874310. 

[47] N. H. C. Lah and Z. Tasir, “Measuring Reliability and validity of questionnaire on online social presence: a Rasch model 
analysis,” Advanced Science Letters, vol. 24, no. 11, pp. 7900–7903, 2018, doi: 10.1166/asl.2018.12452. 

[48] N. H. C. Lah, Z. Tasir, and N. F. Jumaat, “An evaluation of the online social learning environment instrument (OSLEI) using 

Rasch model analysis,” SAGE Open, vol. 12, no. 2, 2022, doi: 10.1177/21582440221104083. 
[49] T. Y. Pin, “Evaluation of design guidelines: questionnaire design for evaluating children educational app,” Ph.D. dissertation, 

Universiti Tunku Abdul Rahman, Malaysia, 2015. 

[50] V. J. Anthony and G. M. Joanne, “Understanding interobserver agreement: the kappa statistic,” Family Medicine, vol. 37, no. 5, 
pp. 360–363, 2005. 

[51] F. N. Astuti, S. Suranto, and M. Masykuri, “The appropriateness of developing the media: experts’ validation and students’ 

response of learning media based on augmented reality technology for natural science lesson,” Journal of Physics: Conference 
Series, vol. 1567, no. 4, 2020, doi: 10.1088/1742-6596/1567/4/042023. 

[52] M. K. Mustami, S. Syamsudduha, N. A. Safei, and M. I. Ismail, “Validity, practicality, and effectiveness development of biology 

textbooks integrated with augmented reality on high school students,” International Journal of Technology Enhanced Learning, 
vol. 11, no. 2, pp. 187–200, 2019, doi: 10.1504/IJTEL.2019.098789. 

[53] L. Y. Midak, I. V. Kravets, O. V. Kuzyshyn, L. V. Baziuk, and K. V. Buzhdyhan, “Specifics of using image visualization within 

education of the upcoming chemistry teachers with augmented reality technology,” Journal of Physics: Conference Series,  
vol. 1840, no. 1, 2021, doi: 10.1088/1742-6596/1840/1/012013. 

[54] S. Schez-Sobrino et al., “A modern approach to supporting program visualization: from a 2D notation to 3D representations using 

augmented reality,” Multimedia Tools and Applications, vol. 80, no. 1, pp. 543–574, 2021, doi: 10.1007/s11042-020-09611-0. 
[55] C. Rebollo, I. Remolar, V. Rossano, and R. Lanzilotti, “Multimedia augmented reality game for learning math,” Multimedia 

Tools and Applications, pp. 1–18, 2022, doi: 10.1007/s11042-021-10821-3. 

[56] M. Yavuz, E. Çorbacıoğlu, A. N. Başoğlu, T. U. Daim, and A. Shaygan, “Augmented reality technology adoption: case of a 
mobile application in Turkey,” Technology in Society, vol. 66, 2021, doi: 10.1016/j.techsoc.2021.101598. 

[57] Y. Y. Chou et al., “Effect of digital learning using augmented reality with multidimensional concept map in elementary science 

course,” Asia-Pacific Education Researcher, vol. 31, no. 4, pp. 383–393, 2022, doi: 10.1007/s40299-021-00580-y. 
[58] R. E. Saragih and Suyoto, “Development of interactive mobile application with augmented reality for tourism sites in Batam,” in 

2020 Fourth World Conference on Smart Trends in Systems, Security and Sustainability (WorldS4), Jul. 2020, pp. 512–517. doi: 

10.1109/WorldS450073.2020.9210300. 
[59] O. V. Kanivets, I. Kanivets, N. V. Kononets, T. Gorda, and E. O. Shmeltser, “Development of mobile applications of augmented 

reality for projects with projection drawings,” in CEUR Workshop Proceedings, 2020, vol. 2547, pp. 262–273. 

[60] J. Fernandes, A. Teles, and S. Teixeira, “An augmented reality-based mobile application facilitates the learning about the spinal 
cord,” Education Sciences, vol. 10, no. 12, pp. 1–18, 2020, doi: 10.3390/educsci10120376. 

[61] M. Venkatesan et al., “Virtual and augmented reality for biomedical applications,” Cell Reports Medicine, vol. 2, no. 7, 2021, 

doi: 10.1016/j.xcrm.2021.100348. 

 



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

 

Mobile augmented reality in learning chemistry subject: an evaluation of … (Noor Hidayah Che Lah) 

1019 

[62] M. Abdinejad, C. Ferrag, H. S. Qorbani, and S. Dalili, “Developing a simple and cost-effective markerless augmented reality tool 
for chemistry education,” Journal of Chemical Education, vol. 98, no. 5, pp. 1783–1788, 2021, doi: 

10.1021/acs.jchemed.1c00173. 

[63] G. Y.-M. Kao and C.-A. Ruan, “Designing and evaluating a high interactive augmented reality system for programming 
learning,” Computers in Human Behavior, vol. 132, p. 107245, Jul. 2022, doi: 10.1016/j.chb.2022.107245. 

[64] S. Albayrak and R. M. Yilmaz, “An investigation of pre-school children’s interactions with augmented reality applications,” 

International Journal of Human-Computer Interaction, vol. 38, no. 2, pp. 165–184, 2022, doi: 10.1080/10447318.2021.1926761. 
[65] R. A. Liono, N. Amanda, A. Pratiwi, and A. A. S. Gunawan, “A Systematic literature review: learning with visual by the help of 

augmented reality helps students learn better,” Procedia Computer Science, vol. 179, pp. 144–152, 2021, doi: 

10.1016/j.procs.2020.12.019. 
[66] M. L. Conner, Learn more now: 10 simple steps to learning better, smarter, and faster. John Wiley & Sons, 2004. 

[67] S. A. Stahl and W. E. Nagy, Teaching word meanings. Routledge, 2007. 

[68] V. Kasinathan, A. T. A. Al-Sharafi, A. Zamnah, N. K. Appadurai, V. Thiruchelvam, and A. Mustapha, “Augmented reality in 
ocean’s secrets: educational application with attached book for students,” Linguistics and Culture Review, vol. 5, no. S1,  

pp. 1123–1137, 2021, doi: 10.21744/lingcure.v5ns1.1498. 

[69] A. Estapa and L. Nadolny, “The effect of an augmented reality enhanced mathematics lesson on student achievement and 
motivation,” Journal of STEM education, vol. 16, pp. 40–48, 2015. 

[70] M. B. Ibáñez, A. U. Portillo, R. Z. Cabada, and M. L. Barrón, “Impact of augmented reality technology on academic achievement 

and motivation of students from public and Private Mexican Schools,” Computers and Education, vol. 145, no. 103734, pp. 1–13, 
2019, doi: 10.1016/j.compedu.2019.103734. 

[71] M. Fidan and M. Tuncel, “Integrating augmented reality into problem based learning: the effects on learning achievement and 

attitude in physics education,” Computers and Education, vol. 142, 2019, doi: 10.1016/j.compedu.2019.103635. 
[72] İ. Ü. Yapici and F. Karakoyun, “Using augmented reality in biology teaching,” Malaysian Online Journal of Educational 

Technology, vol. 9, no. 3, pp. 40–51, 2021, doi: 10.52380/mojet.2021.9.3.286. 

[73] H. Çetin and A. Türkan, “The effect of augmented reality based applications on achievement and attitude towards science course 
in distance education process,” Education and Information Technologies, vol. 27, no. 2, pp. 1397–1415, 2022, doi: 

10.1007/s10639-021-10625-w. 

[74] N. A. M. Mokmin, U. H. Ariffin, and M. A. A. M. Hamizi, “Educators’ perspective on the use of augmented reality to create 
STEM learning material,” Journal of ICT in Education, vol. 9, no. 2, pp. 1397–1415, 2022, doi: 10.37134/jictie.vol9.2.14.2022. 

[75] N. Zainudin and A. Ismail, “Designing Storylines for children’s mathematics digital interactive storybook using software 

engineering approach,” Journal of ICT In Education, vol. 7, no. 1, pp. 43–51, 2020, doi: 10.37134/jictie.vol7.1.5.2020. 
[76] L. Cai Xian, N. Ibrahim, N. H. Azmi, E. M. Saari, and F. M. Razali, “The development of an augmented reality game KANJI 

Write for beginners,” Journal of ICT in Education, vol. 8, no. 2, pp. 79–92, 2021, doi: 10.37134/jictie.vol8.2.8.2021 

[77] G. A. Alshafeey, M. M. Lakulu, M. A. Chyad, A. Abdullah, and G. Salem, “Augmented reality for the disabled: review articles,” 
Journal of ICT In Education, vol. 6, pp. 46–57, 2019, doi: 10.37134/jictie.vol6.5.2019. 

[78] A. bin Salleh, D. N. E. Phon, N. S. A. Rahman, S. bin Hashim, and N. H. C. Lah, “Examining the correlations between teacher 

profiling, ICT skills, and the readiness of integrating augmented reality in education,” in 2023 IEEE 8th International Conference 
on Software Engineering and Computer Systems (ICSECS), 2023, pp. 303–308. doi: 10.1109/ICSECS58457.2023.10256377. 

 

 

BIOGRAPHIES OF AUTHORS 

 

 

Noor Hidayah Che Lah     is a Senior Lecturer at Department of Computing and 

Meta-Technology, Universiti Pendidikan Sultan Idris, Tanjong Malim, Perak, Malaysia. She 

was appointed as senior lecturer in the university in 2021. She received Ph.D. (Educational 

Technology) from the Universiti Teknologi Malaysia, Malaysia. She is passionate about 

raising the quality of teaching and learning of students and their development in the schools 

and in the higher education settings. Dr Hidayah’s research interests lie in the teaching and 

learning, higher education, 21st century teaching and learning, Rasch model analysis, 

structural equation modelling (SEM), educational technology, design and development 

research (DDR), and assessment and evaluation research. She can be contacted at email: 

hidayah.cl@meta.upsi.edu.my. 

  

 

Mohamad Syakir Zulpadhli Mat Senu     is a diploma student of Diploma in 

Computer Science (Internet Computing). He was under supervision Dr Hidayah and developed 

SCIENEX. Currently, he successfully finished his diploma. He can be contacted at email: 

syakirsenu@gmail.com. 

  

mailto:hidayah.cl@meta.upsi.edu.my
mailto:syakirsenu@gmail.com
https://orcid.org/0000-0003-2424-1469
https://scholar.google.com/citations?user=L0C7wGYAAAAJ&hl=en&oi=ao
https://www.scopus.com/authid/detail.uri?authorId=57222043760
https://www.webofscience.com/wos/author/record/ABA-6682-2021
https://orcid.org/0009-0007-1794-9801


                ISSN: 2252-8822 

Int J Eval & Res Educ, Vol. 13, No. 2, April 2024: 1007-1020 

1020 

 

Nurul Farhana Jumaat     is a senior lecturer from Universiti Teknologi Malaysia. 

She is also the editorial board for Malaysian Journal of Social Sciences and Innovative 

Teaching and Learning Journal. She is a frequent reviewer for ISI indexed journal namely 

Journal of Educational Computing Research (JECR) and Education and Information 

Technologies Journal. To date, she has secured 7 research grants in which she acted as Project 

Leader and a member of 44 other research related to online learning, learning analytics and 

computer-based T&L. She can be contacted at email: email: nfarhana@utm.my. 

  

 

Danakorn Nincarean Eh Phon     is a senior lecturer of Graphic and Multimedia 

Department at the Faculty of Computing, Universiti Malaysia Pahang. He obtained his Ph.D. 

in Educational Technology specialized in Augmented Reality within the education domain 

from the Universiti Teknologi Malaysia. His research interests include augmented reality, 

virtual reality, 3D modelling, and educational technology. He can be contacted at email: 

danakorn@umpsa.edu.my. 

  

 

Suhaizal Hashim     is a lecturer in Educational Technology at the Department of 

Professional Education and Postgraduates, Faculty of Technical and Vocational Education, 

Universiti Tun Hussein Onn Malaysia. He has graduated with a Bachelor (Mathematics), 

Master (Educational Technology), and Doctoral Degree (Educational Technology). His area of 

specialization is 21st century learning. He has eight years of teaching experience in schools 

and is involved with research in the STEM field at various levels. Apart from that, he is also 

active in writing articles related to computer-supported collaborative learning (CSCL) and 

school-based assessment for secondary schools under the Ministry of Education Malaysia 

(MOE). He can be contacted at email: suhaizal@uthm.edu.my. 

  

 

Nurul Nadwa Zulkifli     is a senior lecturer in the Department of Science and 

Technology, Faculty of Humanities, Management, and Science at Universiti Putra Malaysia 

Bintulu. Campus, Bintulu, Malaysia. Besides that, she is also a research associate in the 

Institute for Mathematical Research (INSPEM), Universiti Putra Malaysia, Serdang. Her 

research interests include online learning, social media for learning, collaborative and 

cooperative learning. Her recent publication is the patterns of critical thinking processing in 

online reciprocal peer tutoring through Facebook discussion. She can be contacted at email: 

nurulnadwa@upm.edu.my. 

 

mailto:danakorn@umpsa.edu.my
mailto:suhaizal@uthm.edu.my
mailto:nurulnadwa@upm.edu.my
https://orcid.org/0000-0002-4606-489X
https://scholar.google.com/citations?hl=en&user=1SCOzn8AAAAJ
https://www.scopus.com/authid/detail.uri?authorId=56237341100
https://www.webofscience.com/wos/author/record/J-5184-2016
https://orcid.org/0000-0001-7137-2715
https://scholar.google.com/citations?hl=en&user=93EHBLcAAAAJ
https://www.scopus.com/authid/detail.uri?authorId=56237646500
https://orcid.org/0000-0002-0236-1892
https://scholar.google.com/citations?hl=en&user=OkCbcCQAAAAJ
https://orcid.org/0000-0002-2232-3885
https://scholar.google.com/citations?user=ZPWjUxQAAAAJ&hl=en&oi=sra

