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 The study examined the quality variations of psychometrics for cross-

cultural research by considering structural validity, discrimination, and 

reliability. Participants consisted of 450 undergraduate students from 

Thailand, Indonesia, and Australia by using random sampling process. The 

instruments were driving aggression evaluative forms which contain 0.85 

alpha coefficients. For statistics, researchers used mean, standard deviation, 

correlation coefficient among point-per-questions and total score, and 

Cronbach’s alpha. The result showed that the structural validity of the 

original evaluation form which was translated once from Thai to English and 

another one which was translated twice including Thai to English and 

English to Indonesian had similar total components and cumulative 

percentiles. Discrimination and correlation among point-per-questions met 

the criteria without differences. Every form had the level of reliability from 

Cronbach’s alpha analysis greater than the criteria.  
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1. INTRODUCTION  

For many decades, cross-cultural research study has been continuing, burgeoning in the areas of 

behavioral and social sciences, such as psychology, sociology, management, marketing, and political science. 

Particularly, the number of psychological studies has been consistently increasing with the focus being on 

examining similarities and differences across cultures [1]. In psychology, cross-cultural study is the apparent 

and systematic comparison among psychological variables in various cultural conditions to identify 

characteristics, origins, and processes that exhibit behavioral differences [2]. As culture can define behaviors, 

expressions, utterances, and relationship [3], cultural differences result from physical, environmental, and 

situational differences which affect individual behaviors [4], [5]. All these lead to academic deviation in 

concepts, thoughts, and definitions in different cultures. Although there is no official agreement upon these 

concepts, the issue itself exhibits controversiality and misunderstanding among researchers [6]. 

The instruments for cross-cultural research are considered important. Many attempts to study the 

quality of the instruments, such as: i) Navigating cross-cultural research methodological and ethical 

considerations [7]; ii) A methodological guide for translating study instruments in cross-cultural research 

(adapting the ‘connectedness to nature’ scale into Chinese) [8]; iii) Towards cross-cultural environmental 

psychology (a state-of-the-art review and recommendations) [9]; iv) Optimism-pessimism, conspiracy 

theories and general trust as factors contributing to COVID-19 related behavior a cross-cultural study [10]. 

There are various definitions of “culture” in general. However, the United Nations Educational, 

Scientific, and Cultural Organization (UNESCO) defines “culture” holistically. “Culture” refers to a “set of 

spirits, objects, wisdom, and emotions of society or people” including arts, literature, way of life, social, 

value system, traditions, and beliefs [11]. 

https://creativecommons.org/licenses/by-sa/4.0/
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The idea of cross-cultural study originated from Greece during the medieval period [11]. However, 

the systematic way of cultural study came from humanity sciences and the aim of this study was to 

understand human differences and cultural factors/conditions that affected human behaviors [11]. The idea of 

cross-cultural study never fails to accept identity, personality, and ethnicity. The fundamental agreement of 

the research tends to compare things visually, even though it is distinctively different. Nowadays, human 

research can proceed through cross-cultural methods to compare different cultures boundlessly. This type of 

research can focus on targets systematically instead of trying to answer the probability and causes of cultural 

changes [12]. 

Cross-cultural study has become considered as a new form of psychological and behavioral science 

in U.S. and European countries in the past decade. This type of study supports the application of behavioral 

sciences which makes it beneficial and universal. Cross-cultural study is a part of mainstream psychology 

and plays a huge role in behavioral studies. Moreover, the basic idea of sociopsychology, research 

methodology, and data analysis can be applied to cross-cultural studies as well [13]. Apart from that, cross-

cultural studies can be done in both quantitative and qualitative ways depending on the scope of that topic. 

For quantitative research, it refers to the structural framework which researchers would like to explore. On 

the other hand, qualitative research is more open to finding answers [14]. However, any types of research 

would require effective instruments. 

Further, cross-cultural research has some important points. Firstly, theories and information are 

based on behavioral references. Secondly, the reference summary is limited as it is influenced by culture. 

Thirdly, the results are restricted only in one culture. The next consideration is related to problems in 

comparisons between cultures. Finally, limitations in developing tools that are suitable for all cultures must 

be considered. This study introduces the concepts of cross-cultural research and adapting psychometrics and 

measurement instruments for cross-cultural research and provides an overview of the methodological issues 

and best practices for cross-cultural adaptation of psychological instruments. Although the development of 

cross-cultural test adaptation methodology has advanced in recent years, the discussion is often pitched at an 

expert level and requires an advanced knowledge of statistics, psychometrics, and scientific methodology 

[15]. Bias and equivalence are key concepts in the methodology of cross-cultural studies. Bias is a generic 

term for any challenge of the comparability of cross-cultural data. Bias leads to invalid conclusions. The 

demonstration of equivalence (lack of bias) is a prerequisite for any cross-cultural comparison [16]. 

For psychological research, quality of instruments is crucial and contributes to the validity of the 

research. Some of the works might establish correlation between independent and dependent variables. 

Moreover, the research itself also aims to apply the results to other samples without complete conclusions. 

Researchers need to focus on the accuracy, validity, and other factors that could affect research validity, in 

both internal and external aspects [17]. Good psychometrics will establish internal validity, especially for 

cross-cultural studies which involve comparison among different samples in various contexts [17]. The target 

psychometrics need to be valid and equivalent. If the topic is about communication or non-verbal 

interpretation, the cultural comparison will be preceded more easily than the one with linguistic components. 

In general, to translate one instrument into a different language is insufficient in terms of measurement [3]. 

To illustrate this point, cultural differences are the main factors that affect instruments in different aspects 

including time, cultural effects, perspectives, and types of measurement [3]. Accordingly, for cross-cultural 

studies, the inspection of relations among instruments in different languages is essential [3].  

The instruments for cross-cultural studies are designed systematically for collecting various data in 

different contexts, cultures, and others research instruments. Furthermore, to create effective instruments for 

cross-cultural studies, there are three ways including designing a new one, using a current one, and adjusting 

a current one for suitability [18]. In this study, researchers designed a new instrument of self-report which 

can be categorized by rank order method, scale method, ratio data method, and other criteria [19]. However, 

to measure internal characteristics is something innate, there are different statistical scales which are 

applicable including the Thurstone scale, the Likert scale, the Guttman Scale, and other scales [20], [21]. 

The qualitative comparison among psychometrics in this cross-cultural research mainly uses driving 

aggression evaluative forms. The reason is that humanity sciences and cross-cultural studies in different 

cultures agree that aggression is a universal behavior and exists in every society. Although every culture 

contains similar biological components, aggression is still manageable in general. For all cultures, this factor 

is different due to the unique actions, motivation, and conditions [22]. Driving aggression could symbolize 

different interpretation of similar cultures which supports instrument comparison in cross-cultural study and 

validate the results of it as well. This component can control the probability of discrepancy that affects 

internal validity also. Consequently, the present study aimed to study quality variations of psychometrics for 

cross-cultural research by considering structural validity, discrimination, and reliability. Moreover, the 

implication of this study contributes to the development of tools and practical psychometrics for cross-

cultural studies. 



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

 

Quality variations of psychometrics for cross-cultural research (Rungson Chomeya) 

683 

2. RESEARCH METHOD 

The present study recruited 450 undergraduate students from three universities in three different 

countries including Mahasarakham University (Thailand), Indonesia University of Education (Indonesia), 

and Monash University (Australia). Even though the study would have been more effective if it included 

1,000 participants, the results using parameters to gain the data from 100 students is still sufficient [23]. 

There are two aspects of sample size to consider which can cause variation. If two groups have different 

variations and the number of participants is too small (30 samplers in total), the critical value would be 

measured by using Z-statistic instead. In contrast, if the groups of samplers are large (more than 30 samples 

each), the process is more effective [24]. However, in this study there is factor analysis to compare structural 

validity in psychometrics when being used for cross-cultural study. Although the process itself is suitable for 

large groups of samplers, qualified participants between 100-200 people are acceptable if the factors are 

clear. For instance, if the factors are comprised with 0.80 loadings and 0.5 communalities, these factors 

would be acceptable [25].  

The instrument for this research is the driving aggression evaluative form (ADB-21 Inventory). 

Aggressive driving behaviors are considered universal and can be found in any culture. The instrument itself 

is focusing personal thoughts, verbal expression, emotions, and driving behaviors which intend to affect 

people negatively in both physical and mental states. 

The instrument was the 21-item self-report on a 6-point Likert scale. Researchers apply the theory of 

aggressive driving behaviors into the instrument as well. There was 0.85 reliability overall. For the English 

version, the translation process was employed and preceded from Thai version. After that, the instrument was 

translated back to Thai language by experts before having final inspection in similarity. If differences were 

found, then adjustments were employed to validate the instrument and researchers rechecked it again for 

precision. This process paid attention to the standard, politeness, and cultural norms presents among the 

sample. For the Indonesian version, the translation process was employed and preceded from the Thai 

version. After that, the instrument was translated back to Thai language by experts before having final 

inspection in similarity. If differences were found, then adjustments were employed to validate the instrument 

and researchers rechecked it again for precision. This process too paid attention to the standard, politeness, 

and cultural norms. Apart from those, the instrument itself also contained general information such as gender, 

year of study, learning outcome, driving ability, driving experiences, and record of accidents. 

The researchers used Initial Eigen values to measure component factors of structural validity among 

the instruments. This process is often used to measure structural equality in cross-cultural studies, with 

internal structure being one of the main techniques to check the instruments for target cultures [13], [25]. 

Also, the study applied the item total correlation coefficient among each question and total score, alpha 

coefficient for measuring discrimination of the instruments, as well as one-way analysis of variance 

(ANOVA) for measuring differences between discrimination in the instruments of each country [26]. 

 

 

3. RESULTS AND DISCUSSION  

For structural validity of instruments that were used in Thailand, the translated version from Thai to 

English for Australian participants, and the twice translated version from Thai to English and English to 

Indonesian for Indonesian participants, the results are shown in Table 1. The table shows that the total 

components of six original instruments that are used in Thailand are located between 0.86–9.03, and the total 

cumulative percentage was 73.93. For the translated version from Australia, the total component is between 

1.15–7.96 and the cumulative percentage was 79.95. For the twice translated version from Indonesia, the total 

component was between 1.22–6.80 and cumulative percentage is 68.86 in total. 

 

 

Table 1. The results for structural validity 

Component 
Thailand Indonesia Australia 

Total % S2 Cumulative % Total % S2 Cumulative % Total % S2 Cumulative % 

1 9.03 43.02 43.02 6.80 32.39 32.39 7.96 37.92 37.92 

2 1.79 8.54 51.56 2.22 10.58 42.96 2.51 11.93 49.85 
3 1.58 7.50 59.06 1.64 7.81 50.78 2.19 10.44 60.29 

4 1.22 5.79 64.85 1.33 6.32 57.09 1.69 8.05 68.34 

5 1.05 4.99 69.84 1.25 5.96 63.05 1.29 6.12 74.46 

6 0.86 4.09 73.93 1.22 5.81 68.86 1.15 5.49 79.95 

 

 

For discrimination of instruments that were used in Thailand, the translated version from Thai to 

English for Australian participants, and the twice translated version from Thai to English and English to 

Indonesian for Indonesian participants, the results are shown in Table 2. The table shows that item total 
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correlation of each question and total score has 0.39–0.76 of discrimination which was 0.60 on average. For 

the translated version from Australia, the discrimination is between 0.21–0.80 with 0.53 on average. For the 

twice translated version from Indonesia, the discrimination was 0.26–0.65 with 0.49 on average. 

The results from variation analysis are shown in Table 3. The table reveals that the discrimination of 

21 items from three countries has no significant difference at 0.5. For reliability of instruments that are used 

in Thailand, the translated version from Thai to English for Australian participants, and the twice translated 

version from Thai to English and English to Indonesian for Indonesian participants, the results from using 

Cronbach’s alpha is shown in Table 4. The table shows the original instrument from Thailand has the highest 

reliability which is 0.93. The second highest is the translated version from Australia with 0.90, and the lowest 

is the twice translated version from Indonesia with 0.89. 
 

 

Table 2. Item total correlation of each question and total score 
Items Corrected item-Total correlation 

Thailand Indonesia Australia 

1 .54 .31 0.32 

2 .48 .52 0.67 

3 .39 .31 0.28 
4 .66 .51 0.45 

5 .61 .35 0.64 

6 .49 .55 0.21 
7 .58 .52 0.43 

8 .68 .61 0.46 
9 .76 .46 0.50 

10 .68 .47 0.70 

11 .56 .41 0.40 
12 .50 .59 0.72 

13 .68 .66 0.44 

14 .72 .42 0.73 
15 .48 .52 0.45 

16 .66 .58 0.67 

17 .72 .26 0.75 
18 .43 .46 0.56 

19 .62 .60 0.54 

20 .72 .62 0.68 
21 .69 .65 0.80 

Mean .60 .49 .53 

S.D. (S.E. of correlation) .10 .12 .18 

 

 

Table 3. The results from variation analysis for comparing discrimination of three countries 
 Sum of Squares df Mean Square F Sig. 

Between groups .12 2 .06 3.14 .051 

Within groups 1.20 60 .02   
Total 1.33 62    

 

 

Table 4. Cronbach’s alpha analysis for measuring reliability of participants from three countries 
Cronbach's Alpha Coefficient 

Thailand Indonesia Australia 

.93 .89 .90 

 

 

He and Vijver [16] found that researchers needed to provide strategies to minimize bias and achieve 

equivalence that apply either to the design, implementation, or statistical analysis phase of a study. The need 

to integrate these strategies in cross-cultural studies is emphasized to increase the validity of conclusions 

regarding cross-cultural similarities and differences and rule out alternative explanations of cross-cultural 

differences. Similarly, Borsa, Damásio, and Bandeira [27] also found that the adaptation of psychological 

instruments is a complex process that requires a high methodological rigor. Because there is no consensus in 

the literature about its steps, some considerations regarding the validation of the adapted psychological 

instruments are also presented. In this stage, the researcher discusses some aspects regarding the factorial 

structure of the instrument, which might be evaluated through statistical procedures, such as exploratory and 

confirmatory factor analysis. The results are in accordance with the finding from Sousa and Rojjanasrirat [28] 

presenting that translation, adaptation, and validation of instruments or scales for cross-cultural research is 

very time-consuming and requires careful planning and the adoption of rigorous methodological approaches 

to derive a reliable and valid measure of the concept of interest in the target population. 
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It is essential that researchers who aim to conduct cross-cultural studies create equality among the 

instruments. For that reason, language inspection and proofreading are necessary [3]. In many countries, 

there are many researchers concerned with this issue such as the study of Dao-Tran et al. [29] which is about 

life quality and wellness of elderly women from Vietnam and Australia. Apart from that, there is a study by 

Özkan et al. [30] which is about driving habits. In this cross-cultural research, Özkan compared six countries 

in the scope of application, recognition, ability, safety, and driving speed. The study included participants 

from England, Natherland, Finland, Greece, Iran, and Turkey. There is also the study by Frambach et al. [31] 

on the topic of globalization in the context of problem-based learning. The study tends to explore the 

contribution toward self-directed learning. In this case, it is obvious that learning contexts are different in 

every culture. The data was collected from three different medical schools in Southeast Asia, the Middle 

East, and Europe, respectively. The result showed that problem-based learning is applicable in different 

cultural contexts. According to this result, it means that instruments need to have the same quality to be able 

to compare data from each culture effectively. 
 

 

4. CONCLUSION  

The study confirmed the structural validity of instruments (Thai and translated versions) that were 

used to collect data from Thai, Australian, and Indonesian participants have total component and cumulative 

percentage in a related value. The discrimination and item total correlation between each question and total 

score reach the criteria and has no difference among the three countries. The reliability from Cronbach’s 

alpha reaches a high level in every instrument. Although the number is decreased as result of multiple 

translations, these three versions of psychometrics still have validity, discrimination, and reliability in a 

standard level of psychology. The cause of this beneficial outcome is about translation. Researchers obtained 

help from experts in translation as well as the back translation to inspect the quality of the language and 

correlation. If differences were found, an adjustment was made before re-translating it again. The process is 

always concerned about quality, politeness, appropriateness, and norms of that culture. 

Additionally, the important suggestions for researchers to conduct cross-cultural research: i) The 

total component of factor have a total weight value reduced when there are many translations; ii) If there are 

many translations, discrimination value of psychometrics is not different; and iii) Reliability of the 

psychometrics will decrease when there are many translations even though it is still within the standard. 
 

 

ACKNOWLEDGEMENTS 

This project was supported and funded by the Faculty of Education, Mahasarakham University. In 

this occasion, researchers would like to thank the committees who considered and authorized the financial 

support of this project, all lecturers, and participants in undergraduate study from Mahasarakham University 

(Thailand), Indonesia University of Education (Indonesia), and Monash University (Australia). 
 

 

REFERENCES 
[1] D. Boer, K. Hanke, and J. He, “On Detecting Systematic Measurement Error in Cross-Cultural Research: A Review and Critical 

Reflection on Equivalence and Invariance Tests,” Journal of Cross-Cultural Psychology, vol. 49, no. 5, pp. 713–734, 2018, doi: 

10.1177/0022022117749042. 
[2] J.W. Berry, Y. H. Poortinga, S. M. Breugelmans, A. Chasiotis, and D. L. Sam, Cross-Cultural Psychology: Research and 

Applications. Cambridge University Press, 2012. 

[3] V. Hedrih, Adapting Psychological Tests and Measurement Instruments for Cross-Cultural Research: An Introduction. 
Routledge, 2019, doi: 10.4324/9780429264788. 

[4] R. C. Carson, Interaction concepts of personality. Routledge, 2019, doi: 10.4324/9780429025136. 

[5] M. C. Ashton, Individual Differences and Personality, Academic Press, 2017. 
[6] M. Minkov, Cross-Cultural Analysis: The Science and Art of Comparing the World’s Modern Societies and Their Cultures. 

SAGE Publications, 2014, doi: 10.4135/9781483384719. 

[7] T. Broesch et al., “Navigating cross-cultural research: methodological and ethical considerations,” Proceedings of the Royal 
Society B: Biological Sciences, vol. 287, no. 1935, 2020, doi: 10.1098/rspb.2020.1245. 

[8] H. Cheung, L. Mazerolle, H. P. Possingham, K. P. Tam, and D. Biggs, “A methodological guide for translating study instruments 

in cross-cultural research: Adapting the ‘connectedness to nature’ scale into Chinese,” Methods in Ecology and Evolution, vol. 11, 
no. 11, pp. 1379–1387, 2020, doi: 10.1111/2041-210X.13465. 

[9] K. P. Tam and T. L. Milfont, “Towards cross-cultural environmental psychology: A state-of-the-art review and 

recommendations,” Journal of Environmental Psychology, vol. 71, 2020, doi: 10.1016/j.jenvp.2020.101474. 

[10] A. Jovančević and N. Milićević, “Optimism-pessimism, conspiracy theories and general trust as factors contributing to COVID-

19 related behavior – A cross-cultural study,” Personality and Individual Differences, vol. 167, 2020, doi: 

10.1016/j.paid.2020.110216. 
[11] T. V. Tran, T. H. Nguyen, and K. T. Chan, Developing Cross-Cultural Measurement in Social Work Research and Evaluation, 

2nd ed. Oxford University Press, 2018, doi: 10.1093/acprof:oso/9780190496470.001.0001. 

[12] C. R. Ember, Cross-Cultural Research Methods. AltaMira Press, 2009. 
[13] D. Matsumoto and F. J. R. van de Vijver, Cross-Cultural Research Methods in Psychology. Cambridge University Press, 2010. 



                ISSN: 2252-8822 

Int J Eval & Res Educ, Vol. 11, No. 2, June 2022: 681-686 

686 

[14] L. Miller Cleary, Cross-Cultural Research with Integrity: Collected Wisdom from Researchers in Social Settings. Palgrave 

Macmillan, London, 2013, doi: 10.1057/9781137263605. 
[15] F. J. R. van de Vijver and K. Leung, Methods and Data Analysis for Cross-Cultural Research. Cambridge University Press, 2021, 

doi: 10.1017/9781107415188. 

[16] J. He and F. van de Vijver, “Bias and Equivalence in Cross-Cultural Research,” Online Readings in Psychology and Culture,  
vol. 2, no. 2, 2012, doi: 10.9707/2307-0919.1111. 

[17] D. Clark-Carter, Quantitative Psychological Research: The Complete Student’s Companion, Routledge, 2018, doi: 

10.4324/9781315398143. 
[18] T. V. Tran, Developing Cross Cultural Measurement. Oxford University Press, 2009. 

[19] K. R. Murphy and C. O. Davidshofer, Psychological Testing: Principles and Applications, 4th ed. Prentice Hall, 1988. 

[20] G. Albuam and A. N. Oppenheim, “Questionnaire Design, Interviewing and Attitude Measurement,” Journal of Marketing 
Research, vol. 30, no. 3, p. 393, 1993, doi: 10.2307/3172892. 

[21] M. S. Khine, Attitude measurements in science education: classic and contemporary approaches. Information Age Publishing, 

2015. 
[22] N. Chotiban and D. Yoelao, “Why we do Cross Cultural Research?” Journal of Behavioral Science, vol. 4, no. 1, pp. 29–46, 

1998. 

[23] J. F. Healey, The essentials of statistics: A tool for social research. Thomson/Wadsworth, 2007. 
[24] J. Derr, S. Dowdy, and S. Wearden, “Statistics for Research,” Biometrics, vol. 49, no. 1, p. 318, 1993, doi: 10.2307/2532630. 

[25] B. G. Tabachnick and L. S. Fidell, Using multivariate statistics new international edition. Pearson, 2014. 

[26] A. Walsh and J. C. Ollenburger, Essential Statistics for the Social and Behavioral Sciences. Sage International Publications. 2001. 
[27] J. C. Borsa, B. F. Damásio, and D. R. Bandeira, “Adaptação e validação de instrumentos psicológicos entre culturas: algumas 

considerações,” Paidéia (Ribeirão Preto), vol. 22, no. 53, pp. 423–432, 2012, doi: 10.1590/s0103-863x2012000300014. 

[28] V. D. Sousa and W. Rojjanasrirat, “Translation, adaptation and validation of instruments or scales for use in cross-cultural health 
care research: A clear and user-friendly guideline,” Journal of Evaluation in Clinical Practice, vol. 17, no. 2, pp. 268–274, 2011, 

doi: 10.1111/j.1365-2753.2010.01434.x. 
[29] T. H. Dao-Tran, C. Seib, L. Jones, and D. Anderson, “A cross-cultural comparison of health-related quality of life and its 

associated factors among older women in Vietnam and Australia,” BMC Research Notes, vol. 11, no. 1, 2018, doi: 

10.1186/s13104-018-3282-0. 
[30] T. Özkan, T. Lajunen, J. El Chliaoutakis, D. Parker, and H. Summala, “Cross-cultural differences in driving skills: A comparison 

of six countries,” Accident Analysis and Prevention, vol. 38, no. 5, pp. 1011–1018, 2006, doi: 10.1016/j.aap.2006.04.006. 

[31] J. M. Frambach, E. W. Driessen, L. C. Chan, and C. P. M. Van der Vleuten, “Rethinking the globalisation of problem-based 
learning: How culture challenges self-directed learning,” Medical Education, vol. 46, no. 8, pp. 738–747, 2012, doi: 

10.1111/j.1365-2923.2012.04290.x. 

 
 

BIOGRAPHIES OF AUTHORS 
 

 

Rungson Chomeya     qualified for a bachelor's degree of public health (B.P.H.) in 

1993 at the Sukhothai Thammathirat Open University, Thailand and bachelor's degree of law 

(LL.B.) in 2005 at the Sukhothai Thammathirat Open University, Thailand. He qualified for a 

doctoral degree of Applied Behavior Science Research (Ph.D.) in 2002 at the Behavioral Science 

Research Institute (BSRI), Srinakharinwirot University, Bangkok, Thailand. He was appointed a 

docent in psychology, social sciences research, and statistics analysis. He became a lecturer in 

2004 and became an affiliated assistant professor in 2013 and Associate professor in 2017. He is 

interested in studying and doing research on human behavior in various aspects and 

psychological measurement issues. He can be contacted at: rungson.c@msu.ac.th. 

  

 

Araya Piyakun     is a lecturer at the department of Educational Psychology, Faculty 

of Education, Mahasarakham University, Thailand. She has been working with scholars from 

Australia and Indonesia for many years. Her research interest is mainly on English as a second 

language acquisition, motivation, learning process, and cross-cultural study. As the recent 

situation regarding the COVID-19 pandemic, she expanded her research interest to the field of 

mental health, such as psychological well-being, stress, depression, and burnout. Her ongoing 

research study is an examination of the relationships among Indonesia and Thai teachers’ job 

burnout, areas of work life, and mental health status. She can be contacted at email: 

araya.p@msu.ac.th. 

 

https://orcid.org/0000-0002-0106-5899
https://www.scopus.com/authid/detail.uri?authorId=56674691400
https://orcid.org/0000-0002-7549-678X
https://scholar.google.com/citations?hl=en&user=1B4H8mAAAAAJ
https://www.scopus.com/authid/detail.uri?authorId=57201434084

