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This study explores the impact of engagement with STEM professionals on the 

academic performance and students' attitudes toward science and mathematics 

in Kuala Muda, Kedah. Data were collected through surveys assessing 

academic performance, attitudes on a 5-point Likert scale, and levels of 

interaction with scientists, engineers, mathematicians, and technologists. 

Results indicate that students demonstrated more positive attitudes toward 

science (mean = 3.67) than mathematics (mean = 3.42). A significant 

proportion of students rated their academic performance in mathematics and 

science as "mediocre," with both subjects lagging English. Engagement with 

engineers positively influenced attitudes toward science (p = 0.008), while 

interactions with scientists (p = 0.001), mathematicians (p = 0.035), and 

technologists (p = 0.027) significantly enhanced attitudes toward mathematics. 

These findings underscore the importance of involving STEM professionals as 

mentors to foster positive attitudes and improve academic outcomes in STEM 

disciplines. Future research should investigate the long-term effects of such 

engagements and explore targeted strategies to maximize their impact. 

 

Keywords:  

 

STEM Professionals, Attitude Towards Science And Mathematics, STEM 

Engagement, Secondary School Students 

http://www.ijepc.com/
mailto:normaya@uitm.edu.my
mailto:syafi915@uitm.edu.my
mailto:nursyafizan@uitm.edu.my
mailto:rosidah437@uitm.edu.my


 

 

 
Volume 10 Issue 57 (March 2025) PP. 756-764 

  DOI 10.35631/IJEPC.1057049 

757 

 

This work is licensed under CC BY 4.0 
  

 

 

Introduction 

STEM education encompasses Science, Technology, Engineering, and Mathematics, fostering 

critical thinking, problem-solving, and innovation skills crucial for addressing global 

challenges (National Science Foundation, 2023). Engaging students with STEM professionals 

provides invaluable real-world experiences, inspiring interest, and cultivating positive attitudes 

towards STEM disciplines (Han et al., 2021). This interaction fosters a deeper understanding 

of STEM careers and their societal impact, motivating students to pursue STEM-related fields 

and contribute to advancements in science and technology (American Association for the 

Advancement of Science, 2021).  

 

Student engagement in STEM subjects, particularly mathematics and science, is a significant 

concern during the critical transition from primary to secondary education. Research 

consistently indicates that student interest, motivation, and participation in these core academic 

areas can decline markedly during this pivotal period, which has far-reaching implications for 

students' academic achievement, career aspirations, and future engagement with STEM fields. 

(Skilling et al., 2020). This troubling trend is especially pronounced among underrepresented 

groups, including women, ethnic minorities, and students from low socioeconomic 

backgrounds, further limiting the diversity of the STEM pipeline and workforce. 

 

One potential approach to addressing the issue of declining student engagement in STEM 

subjects during the transition to secondary education is through increased engagement with 

STEM professionals. (Holmes et al., 2021). This strategy is based on the premise that exposure 

to enthusiastic and knowledgeable STEM experts can help to foster positive attitudes and 

inspire students to pursue further study and careers in these areas. By highlighting the relevance 

and excitement of STEM fields, interactions with STEM professionals can potentially 

counteract the decreases in self-efficacy, self-concept, and overall motivation that are often 

observed among students during this critical period of transition. The underlying rationale is 

that engaging with STEM professionals can help students better understand the practical 

applications and real-world significance of science, technology, engineering, and mathematics, 

which may in turn enhance their engagement and interest in these subjects (Hiğde & Aktamış, 

2022). Additionally, STEM professionals can serve as role models, demonstrating the diverse 

career paths and opportunities available in these dynamic and impactful fields. By exposing 

students to this range of possibilities, this approach aims to broaden their perspectives and 

inspire them to consider STEM-related educational and professional pursuits. 

 

Literature Review 

The transition from primary to secondary education is a critical period that often coincides with 

declines in student engagement, self-efficacy, and motivation in key subjects such as 

mathematics and science (Ryan et al., 2022). This period is particularly significant because it 

can shape students' academic trajectories and career aspirations. Research consistently 

highlights the role of motivational, emotional, and social factors in influencing learning 

outcomes, emphasizing the need for effective interventions to counteract these declines 

(Skilling et al., 2020). 
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Engagement with STEM professionals has emerged as a promising strategy for addressing 

these challenges. Studies have shown that interactions with scientists, engineers, 

mathematicians, and technologists can enhance students’ understanding of STEM disciplines, 

demystify complex concepts, and inspire interest in STEM careers (Holmes et al., 2021). Such 

engagements allow students to see the practical applications of STEM knowledge, thereby 

fostering a sense of relevance and purpose in their learning. Moreover, STEM professionals 

can serve as role models, challenging stereotypes and broadening students' perspectives on 

career possibilities in these fields (Gamse et al., 2016). 

 

The nature and frequency of these interactions play a significant role in their effectiveness. 

Sustained engagement, as opposed to one-off events, has been shown to yield more meaningful 

impacts. Repeated interactions provide students with opportunities to build connections, ask 

questions, and develop a nuanced understanding of STEM careers and disciplines (Hiğde & 

Aktamış, 2022). This approach not only enhances students' attitudes and interest in STEM but 

also cultivates critical thinking, problem-solving, and innovation skills, which are essential for 

future success in STEM fields (American Association for the Advancement of Science, 2021). 

 

Despite these benefits, disparities in STEM engagement persist, particularly among 

underrepresented groups such as women, ethnic minorities, and students from low 

socioeconomic backgrounds. These groups are less likely to pursue STEM-related pathways, 

contributing to the underrepresentation of diverse talent in STEM fields (Holmes et al., 2021). 

Addressing these disparities requires targeted strategies that leverage the unique strengths of 

STEM professionals to inspire and motivate students from diverse backgrounds. 

 

Furthermore, the impact of STEM engagement extends beyond academic achievement. A 

review of initiatives designed to raise interest and participation in STEM fields found that a 

holistic approach—including teacher professional development, hands-on learning 

experiences, and formative assessments—can significantly enhance student outcomes (Meester 

et al., 2020). Integrating STEM professionals into these initiatives can further enrich the 

learning experience by providing real-world context and inspiring students to explore STEM 

careers (Archer et al., 2021). 

 

In conclusion, the existing literature underscores the importance of engaging students with 

STEM professionals as a means of fostering positive attitudes, enhancing academic 

performance, and inspiring interest in STEM careers. To explore the potential impact of 

engagement with STEM professionals on secondary school students' attitudes towards science 

and mathematics, this study employs a quantitative data collection and analysis. 

 

Methodology 

This study employed a quantitative approach to investigate the relationship between student 

engagement with STEM professionals and their attitudes towards science and mathematics. 

Data were collected through a survey administered to a sample of 121 secondary school 

students (Form 3) in Kuala Muda, Kedah using convenience sampling. The students were 

involved in a special program conducted under STEM program at UiTM Kedah. The study is 

framed as a case study specific to Kedah, not representative of all secondary students in 

Malaysia. The survey included questions about students' interactions with various STEM 

professionals (scientists, engineers, mathematicians, and technologists) and their attitudes 

towards science and math, measured using Likert-type scales.  
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Instrument  

This study employed the Student Attitudes toward STEM survey, developed by the Friday 

Institute for Educational Innovation (2012), to assess high school students' STEM attitudes. 

Specifically, the Middle/High School Student level version of the S-STEM survey, comprising 

six sections, was utilized. The first three sections gauge student attitudes towards mathematics, 

science, engineering, and technology, respectively. The fourth section assesses students' self-

perceived 21st-century learning skills. The fifth section explores student interest in STEM 

careers across 12 different areas, utilizing a four-point Likert-type scale (1=Not at all interested 

to 4=Very interested). Finally, the sixth section (not described in detail in the provided text) 

presumably addresses additional aspects of STEM attitudes. For the first four sections, a five-

point Likert-type scale, ranging from "strongly disagree" to "strongly agree," was employed. 

However, this study only focuses on the attitude towards Science and Mathematics and student 

interest in STEM careers. 

 

Descriptive Statistics 

Descriptive statistics were employed to characterize the study sample and provide a summary 

of the collected data. To understand the distribution of student engagement with STEM 

professionals, frequencies and percentages were calculated for each type of professional 

(scientists, engineers, mathematicians, and technologists). This analysis provided insights into 

the prevalence of interactions between students and various STEM fields. Furthermore, to 

assess student attitudes towards science and mathematics, means and standard deviations were 

computed. These descriptive measures offer a clear picture of the average attitudinal scores 

and the variability of responses within the student sample. The use of both frequencies and 

descriptive statistics for attitudes allows for a comprehensive understanding of the sample 

characteristics and the overall trends in student engagement and perceptions of STEM fields. 

 

Test of the Independent (T-Test) 

T-tests were conducted to determine the statistical significance of the relationship between 

engagement with STEM professionals and attitudes toward science and mathematics. 

Specifically, four separate t-test were performed: 

⒈ Scientist Engagement and Attitudes Towards Science and Mathematics: This t-test 

tested for significant differences in attitudes between students who had engaged with 

scientists and those who had not. 

⒉ Engineer Engagement and Attitudes Towards Science and Mathematics: This t-test 

tested for significant differences in attitudes between students who had engaged with 

engineer and those who had not. 

⒊ Mathematician Engagement and and Attitudes Towards Science and Mathematics: 

This t-test tested for significant differences in attitudes between students who had 

engaged with mathematician and those who had not. 

⒋ Technologist Engagement and and Attitudes Towards Science and Mathematics: 

This t-test tested for significant differences in attitudes between students who had 

engaged with technologist and those who had not. 

 

The alpha level for all statistical tests was set at 0.05. All statistical analyses were performed 

using SPSS version 25. 
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Result  

This study encompassed a sample of 121 secondary school students drawn from four distinct 

schools within the Kuala Muda district of Kedah, Malaysia. The participating schools were 

Sekolah Menengah Kebangsaan Aman Jaya, Sekolah Menengah Kebangsaan Bandar Sungai 

Petani, Sekolah Menengah Kebangsaan Bedong, and Sekolah Menengah Kebangsaan Gurun. 

This selection of schools aimed to capture a representative cross-section of students from the 

region. The participants represented a diverse range of academic backgrounds, encompassing 

students with varying levels of prior achievement in science and mathematics. Furthermore, 

the sample included students from diverse personal backgrounds, reflecting the socioeconomic 

and cultural heterogeneity of the Kuala Muda district. This diversity within the sample 

enhances the generalizability of the study's findings to the broader secondary school population 

in the region. The subsequent sections will detail the results of the analyses conducted on the 

data collected from these 121 students. 

 

Academic Performance 

Table 1 summarizes the self-reported academic performance of students in three subjects: 

English, Mathematics, and Science, categorized as "weak," "mediocre," or "very good." The 

results indicate that a majority of students rated their performance as "mediocre" across all 

subjects, with 57.0% for English, 47.9% for Mathematics, and 47.9% for Science. Notably, 

25.6% of students identified their performance in Mathematics and Science as "weak," 

compared to only 15.7% for English. 

Conversely, the proportion of students rating their performance as "very good" was highest in 

English (27.3%), followed by Science (26.4%) and Mathematics (26.4%). These findings 

suggest that students generally perceive their academic performance in English to be stronger 

than in Mathematics and Science. 

 

Table 1: Academic Performance 

Academic 

Performance 

English Mathematics Science 

n % n % n % 

Weak 19 15.7 31 25.6 31 25.6 

Mediocre 69 57.0 58 47.9 58 47.9 

Very Good 33 27.3 32 26.4 32 26.4 

 

Student Attitude Towards Sciences and Mathematics  

Table 2 shows descriptive statistics for student attitudes towards science and mathematics, 

measured on a 5-point Likert scale (1=strongly disagree, 5=strongly agree). The table reveals 

that students hold generally positive attitudes towards both science and mathematics, as 

indicated by the mean scores of 3.669 for science and 3.421 for mathematics. The standard 

deviations of 0.636 for science and 0.523 for mathematics indicate moderate variability in 

attitudes within the sample. The ranges of 3.22 for science and 2.75 for mathematics further 

confirm this variability, representing the difference between the highest and lowest reported 

attitude scores. The skewness values of -0.535 for science and -0.023 for mathematics suggest 

a slightly asymmetrical distribution for science attitudes, with a tendency towards higher 

scores, while mathematics attitudes are more symmetrically distributed. Finally, the kurtosis 

values of 0.078 for science and 0.083 for mathematics indicate distributions that are neither 

excessively peaked nor flat. 
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Table 2: Attitude Towards Sciences and Mathematics 

Attitude 

towards 
Mean 

Standard 

Deviation 
Range Skewness Kurtosis 

Science 3.669 0.636 3.22 -0.535 0.078 

Mathematics 3.421 0.523 2.75 -0.023 0.083 

 

The descriptive statistics presented in Table 2 offer a preliminary understanding of student 

attitudes towards science and mathematics. The data suggest generally positive views towards 

both subjects, with slightly more favorable attitudes towards science.  

 

Engagement with STEM Professionals 

Table 3 reveals the distribution of student engagement with various STEM professionals. A 

notable disparity exists, with engineers receiving the most engagement (41.1%), followed by 

technologists (18.2%) and mathematicians (17.4%). Comparatively, only a small percentage of 

students (10.7%) reported engaging with scientists. This imbalance suggests a potential area 

for growth in leveraging STEM professionals to enhance student engagement. Specifically, 

increasing opportunities for students to interact with scientists, whether through mentorships, 

guest lectures, or other forms of outreach, could broaden students' exposure to diverse STEM 

careers and potentially foster greater interest in scientific fields. This suggests the need to use 

STEM professional as mentors, volunteers, role models, tutors, or guest speakers contribute to 

student STEM engagement. 

 

Table 3: Engagement with STEM professionals 

Professional n Percent (%) 

Scientist 13 10.7 

Engineer 51 41.1 

Mathematician 21 17.4 

Technologist 22 18.2 

 

The Relationship Between Engagement with STEM Professionals with Attitude Towards 

Science and Mathematics 

This section displays the results of t-tests examining the relationship between student 

engagement with STEM professionals and their attitudes towards science and mathematics. 

This statistic tests for a significant difference in means between two groups (students who 

engaged with the specific STEM professional vs. those who did not). The p-value indicates the 

statistical significance of the t-test. A lower p-value suggests a stronger relationship. 

 

1. The Relationship Between Engagement with STEM Professionals with Attitude 

Towards Science 

Table 4 presents the results of t-tests examining the relationship between engagement with 

different types of STEM professionals (scientists, engineers, mathematicians, and technologist) 

and student attitudes towards science. The results reveal a statistically significant positive 

relationship between engagement with engineers and attitudes towards science (t = 2.698, p = 

0.008). This suggests that students who reported greater engagement with engineers also tended 

to hold more positive attitudes towards science. Conversely, the relationships between 

engagement with all other STEM professionals (scientists, mathematicians, and technologist) 

and attitudes towards science were not statistically significant.  
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Table 4: Engagement With STEM Professionals and Attitude Towards Science 

Engagement with STEM 

professionals 

Attitude towards Sciences 

t-test p-value Summary 

Scientist 0.444 0.658 Not Significant 

Engineer 2.698 0.008 Significant 

Mathematician 0.943 0.348 Not Significant 

Technologist 1.637 0.104 Not Significant 

 

The findings presented in Table 4 highlight the potential influence of specific types of STEM 

engagement on student attitudes towards science. While engagement with engineers appears to 

be positively associated with science attitudes, no such relationship was observed for scientists 

or mathematicians. These results underscore the importance of considering the specific nature 

of STEM engagement when designing interventions aimed at fostering positive attitudes 

towards science among students.  

 

2. The Relationship Between Engagement with STEM Professionals with Attitude 

Towards Mathematics 

Table 5 presents the results of t-tests examining the relationship between engagement with 

various STEM professionals (scientists, engineers, mathematicians, and technologists) and 

student attitudes towards mathematics.  

 

Table 5: Engagement With STEM Professionals and Attitude Towards Mathematics 

Engagement with STEM 

professionals 

Attitude towards Mathematics 

t-test p-value Summary 

Scientist 4.068 0.001 Significant 

Engineer 1.210 0.229 Not Significant 

Mathematician 2.192 0.035 Significant 

Technologist 2.233 0.027 Significant 

 

The findings reveal statistically significant positive relationships between engagement with 

scientists (t = 4.068, p = 0.001), mathematicians (t = 2.192, p = 0.035), and technologists (t = 

2.233, p = 0.027) and student attitudes towards mathematics. This suggests that students 

reporting higher levels of engagement with these professionals also tend to hold more positive 

attitudes towards mathematics. In contrast, the relationship between engagement with 

engineers and mathematics attitudes was not statistically significant (t = 1.210, p = 0.229), 

indicating no discernible association within this sample. 

 

The results presented in Table 5 underscore the potential impact of engaging with specific 

STEM professionals on student attitudes towards mathematics. While interactions with 

scientists, mathematicians, and technologists appear to be positively linked to mathematics 

attitudes, no such relationship was observed for engineers.  

 

Discussion and Conclusion 

This research indicates that engaging secondary school students with STEM professionals can 

positively influence their attitudes and motivation toward science and mathematics. The 

findings revealed statistically significant positive relationships between engagement with 

specific STEM professionals and student attitudes. Specifically, interactions with engineers 
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were positively associated with science attitudes, while engagement with scientists, 

mathematicians, and technologists were positively linked to mathematics attitudes. These 

findings suggest that exposure to real-world STEM applications and interactions with 

professionals in these fields can enhance students' perceptions and potentially spark greater 

interest in pursuing STEM-related careers. The lack of a significant relationship between 

engagement with engineers and mathematics attitudes, and similarly between engagement with 

scientists and mathematicians and science attitudes, warrants further investigation (Giofrè et 

al. 2020, Moore, 2020 and Ing & Nylund‐Gibson, 2013). This could be due to the specific 

nature of the interactions, the students' prior experiences, or other contextual factors. (Attard et 

al., 2020 and Jansen et al., 2023). It's important to consider that the study was conducted with 

a specific sample of secondary school students in Kuala Muda, Kedah, and the generalizability 

of these findings to other populations and contexts requires further exploration. 

 

This study contributes to the growing body of literature highlighting the importance of STEM 

engagement in fostering positive student attitudes and academic outcomes. The findings 

emphasize the potential of involving STEM professionals as mentors and role models to 

enhance students' interest and motivation in science and mathematics. Future research should 

explore the longitudinal effects of such interventions and investigate the specific types of 

engagement that are most effective in promoting positive STEM attitudes. Furthermore, 

exploring the nuances of these relationships across different STEM fields and demographic 

groups could provide valuable insights for designing targeted interventions to maximize the 

impact of STEM engagement on student learning and career aspirations. 

 

Acknowledegment 

The instrument of this study is adopted form the Friday Institute for Educational Innovation 

(2012). Student Attitudes toward STEM Survey- Upper Elementary School Students, Raleigh, 

NC: Author. 

 

References 

Affouneh, S., Salha, S., Burgos, D., Khlaif, Z. N., Saifi, A. G., Mater, N., & Odeh, A. (2020). 

Factors that foster and deter STEM professional development among teachers. In S. 

Affouneh, S. Salha, D. Burgos, Z. N. Khlaif, A. G. Saifi, N. Mater, & A. Odeh, Science 

Education (Vol. 104, Issue 5, p. 857). Wiley. https://doi.org/10.1002/sce.21591 

American Association for the Advancement of Science. (2021). Vision for STEM education: 

The journey to 2026. Author.  

Archer, M., DeWitt, J., Davenport, C., Keenan, O., Coghill, L., Christodoulou, A., Durbin, S., 

Campbell, H., & Hou, L. (2021). Going beyond the one-off: How can STEM 

engagement programmes with young people have real lasting impact? In M. Archer, J. 

DeWitt, C. Davenport, O. Keenan, L. Coghill, A. Christodoulou, S. Durbin, H. 

Campbell, & L. Hou, Research for All (Vol. 5, Issue 1). UCL Press. 

https://doi.org/10.14324/rfa.05.1.07 

Attard, C., Grootenboer, P., Attard, E., & Laird, A. (2020). Affect and Engagement in STEM 

Education. In Springer eBooks (p. 195). Springer Nature. https://doi.org/10.1007/978-

981-15-2821-7_11 

Friday Institute for Educational Innovation. (2012). Student Attitudes toward STEM Survey– 

Middle and High School Students. North Carolina State University Retrieved from: 

https://miso.fi.ncsu.edu/articles/s stem-survey. 

https://doi.org/10.1002/sce.21591
https://doi.org/10.14324/rfa.05.1.07


 

 

 
Volume 10 Issue 57 (March 2025) PP. 756-764 

  DOI 10.35631/IJEPC.1057049 

764 

 

Gamse, B., Martinez, A., & Bozzi, L. (2016). Calling STEM experts: how can experts 

contribute to students’ increased STEM engagement? In B. Gamse, A. Martinez, & L. 

Bozzi, International Journal of Science Education Part B (Vol. 7, Issue 1, p. 31). Taylor 

& Francis. https://doi.org/10.1080/21548455.2016.1173262 

Giofrè, D., Cornoldi, C., Martini, Á., & Toffalini, E. (2020). A population level analysis of the 

gender gap in mathematics: Results on over 13 million children using the INVALSI 

dataset. In Intelligence (Vol. 81, p. 101467). Elsevier BV. 

https://doi.org/10.1016/j.intell.2020.101467 

Han, J. H., Kelley, T. R., & Knowles, J. G. (2021). Factors Influencing Student STEM 

Learning: Self-Efficacy and Outcome Expectancy, 21st Century Skills, and Career 

Awareness. In Journal for STEM Education Research (Vol. 4, Issue 2, p. 117). Springer 

Science+Business Media. https://doi.org/10.1007/s41979-021-00053-3 

Hiğde, E., & Aktamış, H., (2022). The effects of STEM activities on students’ STEM career 

interests, motivation, science process skills, science achievement and views, Thinking 

Skills and Creativity, Volume 43, 101000, ISSN 1871-1871, 

https://doi.org/10.1016/j.tsc.2022.101000. 

Holmes, K., Mackenzie, E., Berger, N., & Walker, M. (2021). Linking K-12 STEM Pedagogy 

to Local Contexts: A Scoping Review of Benefits and Limitations [Review of Linking 

K-12 STEM Pedagogy to Local Contexts: A Scoping Review of Benefits and 

Limitations]. Frontiers in Education, 6. Frontiers Media. 

https://doi.org/10.3389/feduc.2021.693808 

Ing, M., & Nylund‐Gibson, K. (2013). Linking early science and mathematics attitudes to long-

term science, technology, engineering, and mathematics career attainment: latent class 

analysis with proximal and distal outcomes. In Educational Research and Evaluation 

(Vol. 19, Issue 6, p. 510). Routledge. https://doi.org/10.1080/13803611.2013.806218 

Jansen, A., Curtis, K., Mirzaei, A. M., Cullicott, C. E., Smith, E., & Middleton, J. A. (2023). 

Secondary mathematics teachers’ descriptions of student engagement. In Educational 

Studies in Mathematics (Vol. 113, Issue 3, p. 425). Springer Science+Business Media. 

https://doi.org/10.1007/s10649-023-10228-x 

Meester, J. D., Pauw, J. B., Buyse, M.-P., Ceuppens, S., Cock, M. D., Loof, H. D., Goovaerts, 

L., Hellinckx, L., Knipprath, H., Struyf, A., Thibaut, L., Velde, D. van de, Petegem, P. 

V., & Dehaene, W. (2020). Bridging the Gap between Secondary and Higher STEM 

Education – the Case of STEM@school. In J. D. Meester, J. B. Pauw, M.-P. Buyse, S. 

Ceuppens, M. D. Cock, H. D. Loof, L. Goovaerts, L. Hellinckx, H. Knipprath, A. 

Struyf, L. Thibaut, D. van de Velde, P. V. Petegem, & W. Dehaene, European Review 

(Vol. 28). Cambridge University Press. https://doi.org/10.1017/s1062798720000964 

Moore, T. (2020). Mathematics: The Key to Empowering Tomorrow’s Workforce. In Notices 

of the American Mathematical Society (Vol. 67, Issue 2, p. 1). American Mathematical 

Society. https://doi.org/10.1090/noti2029 

Ryan, V., O’Donoghue, J., & Fitzmaurice, O. (2022). Student Interest and Engagement in 

Mathematics After the First Year of Secondary Education. In V. Ryan, J. O’Donoghue, 

& O. Fitzmaurice, European Journal of Science and Mathematics Education (Vol. 10, 

Issue 4, p. 436). https://doi.org/10.30935/scimath/12180 

Skilling, K., Bobis, J., & Martin, A. J. (2020). The “ins and outs” of student engagement in 

mathematics: shifts in engagement factors among high and low achievers. In K. 

Skilling, J. Bobis, & A. J. Martin, Mathematics Education Research Journal (Vol. 33, 

Issue 3, p. 469). Springer Science+Business Media. https://doi.org/10.1007/s13394-

020-00313-2 

https://doi.org/10.1080/21548455.2016.1173262
https://doi.org/10.1016/j.intell.2020.101467
https://doi.org/10.3389/feduc.2021.693808
https://doi.org/10.1080/13803611.2013.806218
https://doi.org/10.1017/s1062798720000964

