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ABSTRACT 

E-learning is a form of distance education conducted through digital platforms. Phyphox, an 
application on a smartphone, is used for physics ex-periments either in class or by students at 
home. This application helps to do experiments without having to pay a high price. The purpose 
of this study was to determine the effect of Phyphox-assisted online learning on the mas-tery of 
physics concepts and learning motivation for class X1 students of SMAN Piyungan Yogykarta. The 
type of re-search is a true experiment with a posttest-only control group design. The data 
collection technique uses tests and questionnaires which are carried out online. The method used 
in data collection was the prerequisite test then continued with hypothesis testing using the 
MANOVA statistical test. The results showed that there was an average difference in the mastery 
of physics concepts and motivation to learn physics, namely, 24.8 and 173.46 in the experimental 
group, while in the control group, 21.88 and 171.28.  
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Introduction 

The current development of the world has entered the era of the Industrial Revolution 

4.0. The era where changes occur in all aspects of the field that integrate technology for progress. 

The era where changes occur in all aspects of the field that integrate technology for progress. The 

impact of these changes has spread into the world of education which ultimately has an impact 

on technology for education. Innovation, information, the internet and maximum use of 

technology are the context of education today [1]. Various development devices such as 

computers, smartphones and internet networks are the best support for students in learning [2]. 

The presence of technology in the world of education forces students to be more active and take 

on the role of the main object in the learning process [3].    

Education as a measure of the success of the industrial revolution 4.0 expects students to 

be able to compete globally. However, the facts on the ground show the opposite result. According 

to Dwi Fatmala et al. [4], the average score for the high school physics exam in 2019 was the 

lowest overall score for science subjects. This data is reinforced by the fact that students' scientific 

abilities are ranked 62nd out of 72 participating countries in the Program for International 

Student Assessment (PISA) survey. 

Physics as a science subject is considered to have a relatively high level of 

misunderstanding. This causes frequent misconceptions experienced by students [5]. Lack of 

understanding of in-depth physics material is one of the causes [6]. Understanding the concept is 

very important to the final results to be achieved by students [6]. Not completing the results that 

have been targeted will affect learning motivation [7][8]. One of the physics materials that often 

experience misconceptions is collision material. Experiments using manual measurement tools 

will have an extensive enough error [9]. 

The dynamics of the problems described above are pretty complex. Therefore, to 

overcome these problems, learning applications are offered as experimental solutions that can 

be carried out in online classes. Phyphox is an application that utilizes sensors on a smartphone 

to be used as a measuring tool with reasonably good accuracy [10]. By taking advantage of 

current technological developments, Phyphox can form an online learning scheme because it has 

freedom of time and space and is enjoyable to do [11]. The purpose of this research is to find out 

the difference in the mastery of concepts and students' motivation to learn physics in classes with 

the application of Phyphox and classes without Phyphox in online learning. This was done to 

determine the effect of Phyphox-assisted online learning on students' mastery of concepts and 

learning motivation. 
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Literature Review 

The last two decades have shown new facts that learning with online schemes is growing 

rapidly. Despite the pandemic being the main trigger, remote learning has long been scrutinized 

[12]. Distance learning, which is now better known as an online system, is at least as effective as 

offline learning, although this learning does not represent effectiveness for all students [13]. The 

good thing about online learning by utilizing today's technology is its flexible ease of use. Students 

can independently use the devices they have to explore in learning [8].  

Several research results related to the positive impact of using online learning media are 

known to increase learning motivation [14]. Motivation is an impulse in a person consciously to 

gain benefits in the learning process [7]. Understanding all forms of learning support to maintain 

student motivation is important [15].  

In learning physics, students can use Phyphox as an online learning tool both with the 

teacher and independently. The initial result that can be achieved from using this application is a 

better level of learning independence than when doing it with conventional methods [16]. The 

development of physics learning using applications has made significant progress. Many efforts 

have been made to facilitate the teaching and learning process in the classroom. The Phyphox 

application can be a good means of teaching physics [5].  Phyphox takes a role by utilizing the 

presence of sensors on cellphones as a tool for conducting experiments [10]. This application can 

perform remote experiments connected to a PC with results in the form of data or graphs in real 

time [17]. 

Hikmatiar [18] in his research has used Phyphox as a means of independent experiment. 

The results obtained in the study of the effect of room temperature on the tennis ball resistance 

coefficient are proven. So far, it is known that Phyphox produces valid and reliable data with fairly 

good accuracy [9]. Another test was the pendulum experiment conducted by Nanto et al. [1], he 

tried to do a similar practicum by comparing the use of Phyphox and conventional practicum. The 

final result obtained is that there is no significant difference between the two. These results are 

also reviewed regarding the measurement error which gets a score of 0.13%. 

Materials and Methods 

This research was conducted at SMAN 1 Piyungan Yogyakarta for students in classes XI 

MIPA I and XI MIPA II. This type of research uses quasi-experiments with a research design that 

uses a posttest-only control group design. The sample selection used a cluster random sampling 

technique, resulting in two groups, namely the experimental group, which was treated with 

Phyphox, and the control group without Phyphox. The number of samples was 47 students, 

consisting of 22 students in class XI MIPA I and 24 students in class XI MIPA II.  
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In the experimental and control groups, students were treated in the experimental and 

control groups before being given a concept mastery test and a learning motivation 

questionnaire. The research design can be seen in Fig. 1. 

 

Fig. 1. Research design 

The experimental design carried out in the experimental group when learning to use 

Phyphox can be seen in Fig. 2.  

 

Fig. 2. (a) a ball that is inflated on a table (b) the Phyphox application on a smartphone (c) the 

Phyphox application on a laptop 

The learning technique in this study was carried out online, and the media used was Jogja 

Belajar Class (JB Class). Each media was treated the same in both groups, namely class XI MIPA I 

as the experimental group and class XI MIPA II as the control group. JB Class is used as a learning 

medium that controls students online by presenting material, learning and practicum videos, 

assignments, and exercises, as well as concept mastery test questions. Measuring student learning 

motivation using a learning motivation questionnaire with as many as 47 questions consisting of 

27 positive questions and 20 negative questions. The questionnaire was done online on the 

Google form at the link https://forms.gle/Xv32HRK81p2f9nSc8.   

The learning motivation questionnaire uses the ARCS (Attention, Relevance, Confidence, 

Satisfaction) motivation theory. The form of questionnaire is a multilevel scale using a Likert scale 

with alternative answer choices for each statement item. The category and weight of the answer 

used is 4 if always, 3 if often, 2 if sometimes and 1 if never. A display of online learning using JB 

Class can be seen in Fig. 3. 

 

https://forms.gle/Xv32HRK81p2f9nSc8
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Fig. 3. Display of online learning using JB Class 

The research results obtained through the concept mastery test and filling out the 

learning motivation questionnaire conducted by students will be collected and plotted on 

Microsoft Excel and then analyzed with the help of SPSS 25. The analysis used to test the 

hypothesis was carried out by MANOVA analysis. Before testing the hypothesis, the researcher 

conducted a prerequisite test by carrying out the Kolmogorov-Sminov normality test and 

analyzing data homogeneity using the Levana Statistical test. If the two prerequisite tests meet 

the requirements with sig> 0.05, then the hypothesis testing will be continued with the help of 

SPSS 25. 

This study uses a posttest-only control group design with MANOVA analysis with the 

consideration that the researcher only wants to see the difference between learning groups using 

Phyphox and without it. This difference will indicate that there is an influence of the use of 

Phyphox in learning. So in the study, the researcher did not involve a pretest in the data analysis 

and only used a posttest to measure the difference in mastery of physics concepts and student 

learning motivation. The data has a difference by indicating the influence of Phyphox, if the results 

of the data analysis have a value with a significance of < 0.05. 

Results and Disscusion 

Learning that is applied to the experimental and control groupes uses online learning with 

the LMS, namely JB Class. The experimental group and the control group were given a different 

treatment, and the online learning experimental group was assisted by Phyphox, while the 

control group did not use Phyphox. Class display in online learning using JB Class can be seen in 

Fig. 4. 
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Fig. 4. Display class on JB Class 

Based on Fig. 4, students are given worksheet and video experiments conducted by the 

teacher then students are asked to analyze the video based on the worksheet. Every student who 

joins the class has the same rights to access various classroom materials uploaded by the teacher. 

Apart from materials and assignments, a question bank menu is also available in the LMS. 

Questions that will be given to students as a concept mastery test will be uploaded through the 

menu, and students will work on these limits according to the arrangements made by the teacher. 

Student learning motivation questionnaires will be given to students online, both in the 

experimental and control groupes, at the end of the meeting. The questionnaire was given to 

determine the students' motivation to study physics after being treated in their class. The results 

of filling out the questionnaire online by students via the Google form can be seen in Fig. 5. 

 

Fig. 5. The results of filling out the learning motivation questionnaire with the Google form 
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The concept mastery data described is the research data using multiple choice questions 

with as many as 30 items. A trial to measure mastery of the concept is a test given to students 

after the treatment is carried out in the experimental group and control group. The test aims to 

determine students' mastery of physics concepts in collision material. The test results can be seen 

in Table 1.  

Table 1. Description of the data on the results of the concept mastery test 

Description Experiments Control  
Concept mastery 

Average 24.82 21.88 
Standard deviation 2.06 1.56 
Min score 20 19 
Maximum score 28 25 

 

Based on Table 1,  the values of the experimental group (XI MIPA I) and the control group 

(XI MIPA II) have different average scores on the results of the concept mastery test. The average 

value of the experimental group test was 24.82, while the average value of the control group was 

21.88. There is a difference in interpreting the average value of students' mastery of physics 

concepts between the experimental group using Phyphox-assisted online learning and the 

control group without using online learning alone. It can be seen that the experimental group 

(Phyphox) has a higher yield value than the control group (without Phyphox).  

After being given treatment, in the experimental and control groupes, students were 

given a learning motivation questionnaire with a total of 47 questions consisting of 27 positive 

and 20 negative questions. The learning motivation questionnaire aims to determine the level of 

student motivation in taking online lessons assisted by Phyphox in the experimental and control 

groupes, which only apply online learning without Phyphox. The description of the data from the 

results of filling out the learning motivation questionnaire by students can be seen in Table 2.  

Tabel 2. Analisis deskriptif motivasi belajar siswa 

Description Experiments Control  

Average 173.45 171,28 
Standard deviation 2.04 2.65 
Min score 170 164 
Maximum score 177 175 

Based on Table 2, there is a difference in the average value of the experimental and control 

groupes' learning motivation. Students learning motivation scores in the experimental and 

control groupes ranged from 170 to 177 and the average value was 173.45 for the experimental 

group, while the control group obtained values ranging from 164 to 175, and the average value 

was 171.28.  
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In analyzing data using MANOVA, it is necessary to carry out the Kolmogorov-Sminov 

normality test and analyze data homogeneity using the Levana Statistical test. The results of the 

normality test and homogeneity analysis can be seen in Table 3.  

Table 3. Normality test of concept mastery and learning motivation 

Groups Variabel Sig 

Experiment Concept mastery 0.092 
Control 0.200 
Experiment Learning motivation 0.111 
Control 0.071 

 

Based on Table 3, the significance of the Kolmogorov-Sminov test results on data on 

concept mastery in the experimental group and control data for normality is more than 0.05 (Sig> 

0.05), then the data is normally distributed. The normality of learning motivation in both the 

experimental and control groupes is more significant than 0.05 (Sig>0.05), which means that the 

data is normal. While the homogeneity test can be seen in Table 4.  

Table 4. Homogeneity test 

Variable Levena 
Statistic 

df1 df2 Sig () 

Concept mastery 1.855 1 45 0.180 
Learning motivation 1.387 1 45 0.245 

 

Based on Table 4, the results of the homogeneity analysis using Levena Statistics show 

that the overall data or data distribution is homogeneous. This is because of the value of Sig.  () 

> 0.05, which means the data is homogeneous. Based on the results of the data analysis 

prerequisite test, the data obtained for mastery of the concept and learning motivation of 

students in the control and homogeneous groups were normally distributed. The results of the 

prerequisite test fulfill the requirements for conducting hypothesis testing in research. 

Hypothesis testing was carried out using MANOVA analysis with Tests of Between 

Subjects Effects to determine the effect of the independent variables on the dependent variable 

seen from differences in concept mastery and student motivation in the experimental group and 

the control group. Data from the results of hypothesis testing with MONOVA analysis using Tests 

of Between Subjects Effects can be seen in Table 5. 

Based on Table 5, the significance value of mastering the concept of 0.000 is less than 0.05 

(sig <0.05), while students' motivation to learn physics has the same significance value, which is 

less than 0.05 (sig <0.05). The results of hypothesis testing with MANOVA analysis using Tests of 

Between Subjects Effects showed that there was an effect of online learning assisted by Phyphox 

on concept mastery and student motivation in the experimental group compared to the treatment 

given to the control group.  



 

JETIA Vol. 1, No. 02, August 2025, pp. 49-59 

Differences in Mastery of Physics Concepts and Learning Motivation … (Hikmatiar & Suisworo)  57 
  

Table 5. Hypothesis testing using MANOVA Tests of Between Subjects Effects 

Tests of Between-Subjects Effects 
Source Dependent Variable Type III Sum 

of Squares 
df Mean Square F Sig. 

Correcte 
Model 

Concept mastery 101.023a 1 101.023 30.735 .000 
Learning motivation 55.335b 1 55.335 9.708 .003 

Intercept Concept mastery 25519.066 1 25519.066 7763.754 .000 
Learning motivation 1390703.165 1 1390703.165 243988.200 .000 

Online 
learning 

Concept mastery 101.023 1 101.023 30.735 .000 
Learning motivation 55.335 1 55.335 9.708 .003 

Error Concept mastery 147.913 45 3.287   
Learning motivation 256.495 45 5.700   

Total Concept mastery 25667.000 47    
Learning motivation 1395580.000 47    

Corrected 
Total 

Concept mastery 248.936 46    
Learning motivation 311.830 46    

This difference is caused by the use of Phyphox, which is quite simple and accessible to 

students because it can be downloaded on a smartphone [10][18][19]. The use of this application 

has been carried out a lot to make learning fun and have an impact on student learning motivation, 

this has been tested based on several validation results of learning media by several experts [5]. 

Apart from using Phyphox, online learning itself has had a good impact on learning [8], but with 

this application's help, the practicum measurements have more precise results [1]. The 

Multivariate Tests test can be seen in Table 6.  

Table 6. Multivariate test results 

Multivariate Testsa 

Effect Value F Hypothe
sis df 

Error 
df 

Sig. 

Online 
learning 

Pillai's Trace .422 16.071b 2.000 44.000 .000 

Wilks' 
Lambda 

.578 16.071b 2.000 44.000 .000 

Hotelling's 
Trace 

.730 16.071b 2.000 44.000 .000 

Roy's Largest 
Root 

.730 16.071b 2.000 44.000 .000 

Based on Table 6, the results obtained from the multivariate analysis showed that there 

were differences in the mastery of physics concepts and the learning motivation of students in 

the experimental group and the control group, as seen from the significance value at Wilks 

Lambda which was less than 0.05 (sig <0.05). Learning motivation generated by implementing 

Phyphox-assisted online learning is caused by the use of simple and inexpensive applications in 

learning [18], besides that it has a positive impact on students because it increases creativity 

which has an impact on increasing mastery of concepts [17]. Apart from its simple use in online 

learning, this form of technology is very much needed. The success of online learning depends on 

several factors, namely the use of technology and the teacher's teaching style [20][21]. Because 
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technology is basically the most abundant element of online learning, including the use of 

smartphones for physics experiments [11][22]. 

Conclusion 

Based on the analysis and discussion results, it can be con-cluded that the application of 

Phyphox-assisted online learning in the experimental group had differences in the mastery of 

physics concepts and student learning motivation, and the control group did not apply Phyphox 

to online learning. This difference can be seen in the description of the mastery of physics 

concepts, namely the experimental group has an average of 24.82 and 21.88 for the control group. 

Meanwhile, the average learning motivation of the experimental group was greater than that of 

the control group, name-ly 173.45 and 171.8. Based on the results of the MONOVA analysis, shows 

a significance value of less than 0.05 (Sig <0.05), which means that there is a significant difference 

between the experimental group and the control group. Differences in concept mastery and 

students' motivation to learn physics are influenced by the use of Phyphox in online learning. The 

use of Phyphox is very affordable for conducting experiments in physics learning. The application 

on the smartphone is easy to do and easy to get and can be used online or offline. So students can 

do it inde-pendently at home. What the next researcher has to do is conduct research using 

Phyphox on other physics materials with different outcomes. 

Conflict of Interest 

On behalf of Hamzarudin Hikmatiar and the team as the authors of this article, I am aware 

that the results of this article have no basis whatsoever. All that is stated is based on academic 

attitudes for education and reference. 

References 

[1] D. Nanto, R. D. Agustina, I. Ramadhanti, R. P. Putra, and D. Mulhayatiah, “The Usefulness of LabXChange 
Virtual Lab and Phyphox Real Lab on Pendulum Student Practicum During Pandemic,” in Journal of 
Physics: Conference Series, 2022, vol. 2157, no. 1, pp. 1–8, doi: 10.1088/1742-6596/2157/1/012047. 

[2] G. M. Rafique, K. Mahmood, N. F. Warraich, and S. U. Rehman, “Readiness for Online Learning During 
COVID-19 Pandemic: A Survey of Pakistani LIS Students,” J. Acad. Librariansh., vol. 47, no. 3, pp. 1–10, 
2021, doi: 10.1016/j.acalib.2021.102346. 

[3] R. Putri and N. Fhatonah, “Efektivitas Blended Learning Berbasis Quided Inquiry Terhadap 
Penguasaan Konsep Dan Kemampuan Berpikir Kreatif Mahasiswa pada Mata Kuliah Anatomi Fisiologi 
Manusia [The Effectiveness of Quided Inquiry-Based Blended Learning on Students' Conceptual 
Mastery and Creative Thinking Skills in Human Physiology Anatomy Course],” BIODIK J. Ilm. Pendidik. 
Biol., vol. 07, no. 04, pp. 39–49, 2021. 

[4] F. Dwi Fatmala, I. Wahyudi, E. Suyanto, and K. Herlina, “The Effect of GIL Assisted Phyphox in Physics 
Learning Towards Creative Thinking,” J. Pembelajaran Fis., vol. 8, no. 2, pp. 141–150, 2019, doi: 
10.23960/jpf.v8.n2.202002. 

[5] I. H. B. I. Walid and M. F. Bin Umar, “Development of a Free Fall Motion Experiment based on Smart 
Phone using Phyphox application,” in Journal of Physics: Conference Series, 2022, vol. 2309, no. 1, pp. 
1–7, doi: 10.1088/1742-6596/2309/1/012085. 

[6] C. Huda, S. Aji, M. Hudha, M. Wartono, and F. Gamat, “Inquiry / Discovery-Based Instruction to Improve 
Critical Thinking Skills and Mastery of Physics Concepts,” in International Conference on Education 
Innovation, 2018, vol. 173, pp. 66–68, doi: 10.2991/icei-17.2018.18. 

[7] M.-H. Shin, “Effects of Project-Based Learning on Students’ Motivation and Self-Efficacy,” English 



 

JETIA Vol. 1, No. 02, August 2025, pp. 49-59 

Differences in Mastery of Physics Concepts and Learning Motivation … (Hikmatiar & Suisworo)  59 
  

Teach., vol. 73, no. 1, pp. 95–114, 2018, doi: 10.15858/engtea.73.1.201803.95. 
[8] C. Rapanta, L. Botturi, P. Goodyear, L. Guàrdia, and M. Koole, “Online University Teaching During and 

After the Covid-19 Crisis: Refocusing Teacher Presence and Learning Activity,” Postdigital Sci. Educ., 
vol. 2, no. 3, pp. 923–945, 2020, doi: 10.1007/s42438-020-00155-y. 

[9] T. Pierratos and H. M. Polatoglou, “Utilizing the Phyphox APP for Measuring Kinematics Variables With 
a Smartphone,” Phys. Educ., vol. 55, no. 2, pp. 1–7, 2020, doi: 10.1088/1361-6552/ab6951. 

[10] S. S, H. S, H. H, and S. C, “Advanced Tools for Smartphone- Based Experiments : Phyphox,” Phys. Educ., 
vol. 53, pp. 1–6, 2018. 

[11] H. Baber, “Determinants of Students’ Perceived learning Outcome and Satisfaction in Online Learning 
During the Pandemic of COVID19,” J. Educ. e-Learning Res., vol. 7, no. 3, pp. 285–292, 2020, doi: 
10.20448/JOURNAL.509.2020.73.285.292. 

[12] F. Martin, T. Sun, and C. D. Westine, “A systematic review of research on online teaching and learning 
from 2009 to 2018,” Comput. Educ., vol. 159, no. 2, pp. 1–17, 2020, doi: 
10.1016/j.compedu.2020.104009. 

[13] L. Pei and H. Wu, “Does online Learning Work Better than Offline Learning in Undergraduate Medical 
Education? A systematic review and Meta-Analysis,” Med. Educ. Online, vol. 24, no. 1, pp. 1–14, 2019, 
doi: 10.1080/10872981.2019.1666538. 

[14] Z. Zainuddin, “Students’ Learning Performance and Perceived Motivation in Gamified Flipped-Class 
Instruction,” Comput. Educ., vol. 126, pp. 75–88, 2018, doi: 10.1016/j.compedu.2018.07.003. 

[15] A. M. Mitchall and A. J. Jaeger, “Parental Influences on Low-Income, First-Generation Students’ 
Motivation on the Path to College,” J. Higher Educ., vol. 89, no. 4, pp. 582–609, 2018, doi: 
10.1080/00221546.2018.1437664. 

[16] L. B. Mayampoh, D. A. Tulandi, J. Rende, C. Poluakan, and A. Komansilan, “Phyphox Application with 
PIMCA Learning Lodel,” in Journal of Physics: Conference Series, 2021, vol. 1968, no. 1, pp. 1–6, doi: 
10.1088/1742-6596/1968/1/012042. 

[17] R. Carroll and J. Lincoln, “Phyphox APP in the Physics Classroom,” Phys. Teach., vol. 58, no. 8, pp. 606–
607, 2020, doi: 10.1119/10.0002393. 

[18] H. Hikmatiar, I. Ishafit, and M. E. Wahyuni, “Determination The Coefficient of Restitution in Object as 
Temperature Function in Partially Elastic Collision Using Phyphox Application on Smartphone,” Sci. 
Technol. Indones., vol. 4, no. 4, p. 88, 2019, doi: 10.26554/sti.2019.4.4.88-93. 

[19] M. Alawamleh, L. M. Al-Twait, and G. R. Al-Saht, “The Effect of Online Learning on Communication 
Between Instructors and Students During Covid-19 Pandemic,” Asian Educ. Dev. Stud., vol. 11, no. 2, 
pp. 380–400, 2022, doi: 10.1108/AEDS-06-2020-0131. 

[20] Rasmitadila et al., “The Perceptions of Primary School Teachers of Online Learning During the Covid-
19 Pandemic Period: A Case Study in Indonesia,” J. Ethn. Cult. Stud., vol. 7, no. 2, pp. 90–109, 2020, doi: 
10.29333/ejecs/388. 

[21] C. Coman, L. G. Țîru, L. Meseșan-Schmitz, C. Stanciu, and M. C. Bularca, “Online Teaching and Learning 
in Higher Education During the Coronavirus Pandemic: Students’ Perspective,” Sustainability, vol. 12, 
no. 24, pp. 1–22, 2020, doi: 10.3390/su122410367. 

[22] V. Singh and A. Thurman, “How Many Ways Can We Define Online Learning? A Systematic Literature 
Review of Definitions of Online Learning (1988-2018),” Am. J. Distance Educ., vol. 33, no. 4, pp. 289–
306, 2019, doi: 10.1080/08923647.2019.1663082. 

 

Authors 

Hamzarudin Hikmatiar   is a lecturer in Physics Education at the Muhammadiyah 

University of Maumere and also a researcher who focuses on the use of technology in learning 

both in secondary schools and universities. He is currently also focusing on coastal school 

education, researchers believe that the potential for education in the area is no less great than 

education in urban areas. (email: hamzarudinhikmatiar90@gmail.com). 

 

 

Dwi  Sulisworo     is  a  lecturer  at  the  Physics  Education  Study  Program,  Ahmad  

Dahlan University,  Yogyakarta,  Indonesia.  He  has  a  research  interest  in  the  learning  

strategies  by utilizing information and communication technology. He has many publications 

in various reputable journals. (email: dwi.sulisworo@uad.ac.id). 

 

 

Photo 

Photo 

mailto:hamzarudinhikmatiar90@gmail.com
mailto:dwi.sulisworo@uad.ac.id
https://orcid.org/0000-0003-3701-3836
https://scholar.google.com/citations?hl=en&authuser=1&user=dBOPDEYAAAAJ
https://orcid.org/0000-0002-7625-8505
https://scholar.google.com/citations?user=4pIBZzsAAAAJ&hl=en&authuser=1
https://www.scopus.com/authid/detail.uri?authorId=55317003800
https://www.webofscience.com/wos/author/record/AAE-5387-2020

