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Abstract 

This article proposes a structural model of 

scientific creativity competence (MSCC) for 

high school students grounded in competency-

based education and the methodological 

characteristics of school scientific activity. 

Drawing on an analysis and synthesis of studies 

on scientific creativity, creativity in STEM 

education, competency assessment, and general 

education, the study conceptualizes scientific 

creativity competence as the ability to mobilize 

knowledge, skills, attitudes, and higher-order 

cognitive processes to generate ideas, solutions, 

or products that are both novel and consistent 

with scientific standards at a level appropriate for 

high school students. The proposed model 

comprises four dimensions: identifying and 

detecting scientific problems (PRB), generating 

and proposing ideas for solving scientific 

problems (IDE), designing and implementing 

problem-solving plans (DES), and evaluating, 

revising, and refining scientific solutions (EVA). 

Based on this structure, the article introduces a 

set of 16 behavioral indicators and a preliminary 

survey framework to examine the model’s initial 

appropriateness, clarity, and feasibility in the 

context of high school science teaching. 
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 Resumo 

Este artigo propõe um modelo estrutural da 

competência em criatividade científica (MSCC) 

para alunos do ensino médio, fundamentado na 

educação baseada em competências e nas 

características metodológicas da atividade 

científica escolar. Com base na análise e síntese 

de estudos sobre criatividade científica, 

criatividade na educação STEM, avaliação de 

competências e educação geral, o estudo 

conceitua a competência em criatividade 

científica como a capacidade de mobilizar 

conhecimentos, habilidades, atitudes e 

processos cognitivos de ordem superior para 

gerar ideias, soluções ou produtos que sejam 

inovadores e consistentes com os padrões 

científicos, em um nível adequado para alunos 

do ensino médio. O modelo proposto 

compreende quatro dimensões: identificar e 

detectar problemas científicos (PRB), gerar e 

propor ideias para a resolução de problemas 

científicos (IDE), projetar e implementar planos 

de resolução de problemas (DES) e avaliar, 

revisar e refinar soluções científicas (EVA). 

Com base nessa estrutura, o artigo apresenta um 

conjunto de 16 indicadores comportamentais e 

uma estrutura de pesquisa preliminar para 

examinar a adequação inicial, a clareza e a 

viabilidade do modelo no contexto do ensino de 

ciências no ensino médio. 
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Stem. Modelo Estrutural. Indicadores 

Comportamentais. 

 

 

1 INTRODUCTION 

 

In contemporary education, the development of higher-order competencies has 

increasingly become a central orientation of curricula and instructional activities 

(González-Pérez & Ramírez-Montoya, 2022; Herodotou et al., 2019; Kwangmuang et al., 

2021). Alongside problem-solving ability, critical thinking, and collaboration, creativity 

is regarded as a core competence that enables learners to adapt to rapidly changing 

knowledge environments, interdisciplinary challenges, and the demand for innovation in 

social life (Chalkiadaki, 2018; Bao & Koenig, 2019; Thornhill-Miller et al., 2023; Zhang 

et al., 2024; Ye & Xu, 2023). In science education, creativity is not merely the ability to 

generate new ideas; it also involves identifying problems, formulating hypotheses, 

designing procedures to test them, selecting evidence, and refining solutions on the basis 

of scientific reasoning (DeHaan, 2009; Lu et al., 2020; Schaller et al., 2023; Tan et al., 

2022). 

In international research, scientific creativity has been viewed as a domain-

specific form of creativity shaped by disciplinary knowledge, rules of reasoning, and the 

methodological norms of science (Gómiz-Aragón et al., 2025; Kwangmuang et al., 2021; 

Tan et al., 2022). This perspective indicates that scientific creativity cannot be equated 

with creativity in general, nor can it be assessed solely through broad divergent-thinking 

tests (Thornhill-Miller et al., 2023; Zhang et al., 2024). Conversely, if science education 

focuses primarily on scientific knowledge while paying insufficient attention to the 

processes of problem identification, idea generation, experimentation, and solution 

refinement, the development of scientific creativity in schools is unlikely to be 

substantively effective (Demircioğlu et al., 2022; Lu et al., 2020; Tan et al., 2022). 

In Vietnam, the reform of general education toward the development of students’ 

qualities and competencies has created an important foundation for researching domain-

specific competencies in science teaching (Bui & Khuu, 2020; Nguyen et al., 2023; 

Ministry of Education and Training, 2018; Chau, 2026). However, most domestic studies 
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have concentrated on related constructs such as ‘creativity competence’, ‘creative 

thinking’, or ‘problem-solving-and-creativity competence’, whereas studies that directly 

address the structure of scientific creativity competence among high school students 

remain relatively limited (Vu et al, 2024; Chau, 2026; Suherman et al., 2025). This gap 

creates the need to define more clearly the concept, structural dimensions, and system of 

behavioral indicators of scientific creativity competence as a foundation for both teaching 

and assessment (Gómiz-Aragón et al., 2025; Herodotou et al., 2019; Ye & Xu, 2023). 

Against this background, the article pursues two objectives. First, it establishes 

the theoretical foundations for proposing an MSCC for high school students (Gómiz-

Aragón et al., 2025; Lu et al., 2020). Second, it develops a system of behavioral indicators 

and a preliminary survey framework to examine the model’s initial appropriateness in the 

context of high school science teaching (Calavia et al., 2021; Demircioğlu et al., 2022; 

Lu et al., 2020). 

 

2 THEORETICAL FRAMEWORK AND LITERATURE REVIEW 

 

2.1 Scientific creativity competence as a domain-specific competence 

 

From the perspective of competency-based education, competence is understood 

as the ability to mobilize knowledge, skills, attitudes, and contextual conditions in an 

integrated manner in order to accomplish a meaningful task successfully. This approach 

emphasizes the distinction between accumulated knowledge and the capacity for action; 

in other words, learners must not only ‘know’ but also be able to ‘do’ in specific 

situations. On this basis, creativity is regarded as a domain-specific competence 

expressed in the ability to produce ideas or products that are novel and valuable within a 

particular context (Ministry of Education and Training, 2018; Lucas, 2016; Kelley & 

Knowles, 2016). 

In the domain of science, creativity must be linked to the methodological 

characteristics of scientific research and learning. Hu and Adey (2002) argued that 

scientific creativity should be approached as a domain-specific competence manifested 

through tasks such as problem finding, scientific imagination, proposing experiments, 

improving products, and solving scientific problems. Subsequent studies have continued 
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to affirm that scientific creativity depends not only on divergent thinking but also on 

convergent thinking, metacognition, domain knowledge, the ability to evaluate evidence, 

and cognitive control (De Vries & Lubart, 2019; Sternberg et al., 2020; Lebuda & 

Benedek, 2023). 

From the perspective of cognitive psychology, scientific creativity results from 

the coordination of multiple higher-order cognitive processes such as controlled attention, 

memory, imagination, remote association, divergent thinking, convergent thinking, and 

metacognition. This coordination helps learners identify anomalies in phenomena or data, 

generate multiple solution paths, select appropriate solutions, and continuously monitor 

and regulate their own thinking processes (Benedek & Fink, 2019; Jia et al., 2019; Gu et 

al., 2025). Therefore, the structure of scientific creativity competence cannot be described 

by a single overall index; it needs to be interpreted in terms of logically related 

dimensions. 

 

2.2 Research gap and the need to build a structural model 

 

A growing body of international research has shown that learning environments 

rich in problems, experimentation, and feedback exert a positive influence on students’ 

scientific creativity. Studies on CASE, problem-based learning, project-based learning, 

and STEM education all converge in suggesting that students develop scientific creativity 

more clearly when they participate in cycles of problem identification, idea generation, 

experimentation, and solution improvement (Lin et al., 2003; Aguilera & Ortiz-Revilla, 

2021; Tran, 2024; Pinar et al., 2025). However, to organize instruction intentionally in 

this direction, it is first necessary to have a sufficiently clear structural model of 

competence to orient objectives, content, learning activities, and assessment. 

Drawing on the synthesis of theory and in congruence with the Vietnamese 

general education context, this article conceptualizes scientific creativity competence 

among high school students as the ability to mobilize, coordinate, and effectively regulate 

higher-order cognitive processes while solving specialized scientific tasks in order to 

generate ideas, solutions, or products that are both novel and consistent with scientific 

standards at a level appropriate to students’ age. This concept highlights the domain-
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specific nature of scientific creativity while remaining consistent with competency-based 

orientations in the general education curriculum. 

 

3 METHODOLOGY 

 

3.1 Research design 

 

The study combines literature analysis and synthesis with the design of a 

preliminary survey instrument. First, literature related to scientific creativity, competency 

assessment, STEM education, science teaching, and competency development in schools 

was selected, analyzed, and systematized. This synthesis was intended to establish the 

scientific basis for defining scientific creativity competence, identifying its structural 

dimensions, and constructing a corresponding system of behavioral indicators. 

On that basis, the study proposes MSCC for high school students as a second-

order construct in which PRB, IDE, DES, and EVA function as first-order constructs. 

Each dimension is expressed through a set of behavioral indicators that can be observed, 

described, or transformed into survey items. 

 

3.2 Preliminary survey framework 

 

To examine the initial appropriateness of the proposed structural model of 

scientific creativity competence, a preliminary survey was conducted with 32 

participants, including 24 high school teachers of physics, chemistry, and biology and 8 

lecturers/experts in science education or STEM education. Participants were selected 

through purposive convenience sampling based on criteria related to experience in 

teaching, research, or professional activities associated with science education and the 

development of student competencies. The survey was carried out from February to 

March 2026 in several high schools and teacher education institutions in Ho Chi Minh 

City and surrounding areas. Data were collected through both paper-based questionnaires 

and online forms. A total of 34 questionnaires were returned; after screening and 

removing 2 questionnaires with incomplete or inconsistent responses, 32 valid 

questionnaires were retained for analysis. The survey instrument was a five-point Likert-
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scale questionnaire ranging from 1 = completely inappropriate to 5 = highly appropriate. 

The data were analyzed using descriptive statistics, including frequency, percentage, 

mean, and standard deviation. 

 

Table 1 

Preliminary Survey Framework 

Content Illustrative description 

Survey participants 
High school teachers of physics, chemistry, and biology; lecturers and 

experts in science education/STEM education 

Sample size 32 participants 

Sample composition 24 high school teachers; 8 lecturers/experts 

Survey period February-March 2026 

Sites/institutions 
Several high schools and teacher education institutions in Ho Chi Minh 

City and surrounding areas 

Survey mode Online and face-to-face 

Sampling method Purposive convenience sampling 

Questionnaires returned 34 

Valid questionnaires 32 

Valid response rate 94.1% 

Instrument Five-point Likert questionnaire; may include open-ended items 

Analytical indices Frequency, percentage, mean, standard deviation 

Source: Author’s research results. 

 

4 RESULTS AND DISCUSSION 

 

4.1 Structural model of scientific creativity competence 

 

The primary outcome of the study is a structural model of scientific creativity 

competence (MSCC), which consists of four dimensions systematically coordinated with 

the progression of scientific activity. The first dimension, identifying and detecting 

scientific problems (PRB), initiates the creative cycle because it concerns the ability to 

recognize anomalies, contradictions, or knowledge gaps in scientific phenomena, data, or 
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arguments. This dimension provides the basis for formulating questions and determining 

possible directions for problem solving. 

The second dimension, generating and proposing ideas for solving scientific 

problems (IDE), reflects the ability to mobilize prior knowledge in combination with 

scientific imagination and divergent thinking in order to propose multiple alternatives for 

the same problem. Within this dimension, novelty, flexibility, fluency, and the capacity 

to connect interdisciplinary knowledge are especially important. Unlike artistic creativity, 

however, scientific ideas must not only be new but also logical, explainable, and testable. 

The third dimension, designing and implementing problem-solving plans (DES), 

translates ideas into concrete action. At this stage, students are expected to construct 

plans, select tools and means, organize experiments or models, collect and process data, 

and adjust their approach when encountering obstacles. This dimension clarifies that 

scientific creativity does not end with coming up with ideas; it must be realized through 

an organized course of action. 

The fourth dimension, evaluating, revising, and refining scientific solutions 

(EVA), completes the cycle while simultaneously opening new loops of scientific 

creativity. Here, students need to compare results with objectives, identify the strengths 

and limitations of a solution, propose directions for improvement, and derive lessons that 

can be applied to other situations. The EVA dimension clearly highlights the role of 

metacognition, critical thinking, and executive functions in scientific creative activity. 

These four dimensions do not exist in isolation; they are linked within a dynamic 

system. In process terms, PRB begins with problem identification, IDE generates solution 

possibilities, DES realizes the selected alternative, and EVA provides a feedback 

mechanism for adjusting or restructuring the entire process. In educational terms, this 

model suggests that the development of scientific creativity competence should be 

designed as a chain of learning activities involving problems, experimentation, critique, 

and solution refinement, rather than being limited to tasks that merely require the 

reproduction of knowledge. 
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4.2 System of behavioral indicators in the model 

 

Based on the four dimensions, the article proposes a system of 16 behavioral 

indicators to operationalize the model. This system both reflects the conceptual content 

of each dimension and can be transformed into observational criteria or survey items. 

This is a crucial step because, without clear behavioral indicators, scientific creativity 

competence can easily remain at a highly general level and become difficult to use in 

instructional design and assessment. 

 

Figure 1 

Structural Model of Scientific Creativity Competence 

 
 

From an applied perspective, the preliminary survey framework serves as an 

intermediate step between theoretical research and more in-depth quantitative research. 

The preliminary survey is not intended to fully validate the structure of the model; rather, 

it mainly examines teachers’ and experts’ initial acceptance of the proposed dimensions 

and indicators. On that basis, the indicators can be refined in terms of content, wording, 
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and feasibility before being further developed into a comprehensive measurement scale 

or assessment rubric for experimental research. 

 

Table 2 

Behavioral Indicators of Scientific Creativity Competence 

Dimension Code Behavioral indicator 

PRB PRB1 
Recognize inconsistencies between observed phenomena and previously 

learned scientific knowledge. 

PRB PRB2 
Detect contradictions or unreasonable points in scientific data or 

arguments. 

PRB PRB3 
Pose clear scientific questions linked to learning content or real-life 

contexts. 

PRB PRB4 
Propose problem situations derived from lessons, experiments, or natural 

phenomena. 

IDE IDE1 Generate multiple ideas or alternative solutions for the same problem. 

IDE IDE2 Combine knowledge from different topics or subjects to form new ideas. 

IDE IDE3 
Propose explanations, models, or hypotheses that differ from conventional 

approaches. 

IDE IDE4 Demonstrate a novel perspective on a scientific problem or situation. 

DES DES1 
Develop a feasible implementation plan with appropriate steps, time 

allocation, and required resources. 

DES DES2 
Select and use materials, tools, equipment, and information resources 

appropriately. 

DES DES3 
Design suitable experiments, models, or procedures; collect and process 

data systematically. 

DES DES4 Actively adjust methods and test alternative options when difficulties arise. 

EVA EVA1 
Compare results with predefined goals and criteria to evaluate solution 

effectiveness. 

EVA EVA2 
Identify strengths and limitations of the solution and compare it with 

alternative options. 

EVA EVA3 Propose specific adjustments or improvements to enhance solution quality. 

EVA EVA4 
Draw lessons learned and identify possibilities for transfer to new 

situations. 

Source: Author’s research results. 
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Table 3 

Appropriateness of the Dimensions in the Proposed Model 

Dimension 
Number of 

indicators 
Mean 

Standard 

deviation 
Interpretation 

PRB 4 4.32 0.51 Highly appropriate 

IDE 4 4.41 0.47 Highly appropriate 

DES 4 4.18 0.56 Appropriate 

EVA 4 4.27 0.49 Highly appropriate 

Whole model 16 4.30 0.43 Highly appropriate 

Source: Author’s research results. 

 

4.3 Implications for instructional design and assessment 

 

The preliminary survey results show that IDE obtained the highest mean score (M 

= 4.41), indicating that respondents tended to rate highly the indicators related to 

generating and proposing ideas for solving scientific problems. DES received a relatively 

lower mean score (M = 4.18), suggesting that in subsequent research the group of 

indicators related to designing and implementing plans should be reviewed more carefully 

in terms of wording, clarity, and compatibility with real teaching conditions. Overall, the 

model’s mean score of 4.30 indicates that the proposed model can be regarded as having 

a high level of appropriateness. 

The MSCC framework suggests that the development of scientific creativity 

competence should be organized as a sequence of interconnected learning experiences. In 

science teaching, teachers need to create sufficiently open problem situations so that 

students can identify contradictions, formulate questions, and propose hypotheses, while 

also providing space for them to design, test, compare, and refine solutions. This 

orientation is especially compatible with approaches such as STEM education, project-

based learning, problem-based learning, and inquiry-based learning, in which learning 

extends beyond receiving knowledge toward constructing and validating knowledge in 

real contexts. 

From the perspective of assessment, the system of behavioral indicators can be 

used flexibly in three ways: (i) to build preliminary survey questionnaires for collecting 
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feedback from experts and teachers; (ii) to develop observation rubrics for classroom 

learning tasks; and (iii) to be refined into quantitative measurement scales in subsequent 

studies. Moving from preliminary survey instruments to fully developed assessment tools 

can help reduce the risk of describing competence only at a general level and generate 

clearer evidence regarding the quality of the model. 

 

5 CONCLUSION 

 

This article has clarified the theoretical basis for approaching scientific creativity 

competence as a domin-specific competence in school science education. Based on a 

synthesis of relevant studies, scientific creativity competence among high school students 

is proposed as a structure comprising four dimensions: identifying and detecting scientific 

problems (PRB), generating and proposing ideas for solving scientific problems (IDE), 

designing and implementing problem-solving plans (DES), and evaluating, revising, and 

refining scientific solutions (EVA). This model reflects, with reasonable completeness, 

the course of scientific creative activity, from problem identification to idea generation, 

plan implementation, and solution evaluation and refinement. 

An important contribution of the article is the systematization of 16 behavioral 

indicators corresponding to the four structural dimensions, thereby creating a foundation 

for identifying, describing, and surveying scientific creativity competence in the context 

of school teaching. On this basis, the study developed and implemented a preliminary 

survey framework to examine the model’s initial appropriateness. The survey results 

show that all dimensions of the model were rated as appropriate, with IDE obtaining the 

highest mean score, DES obtaining a relatively lower yet still appropriate mean score, 

and the model as a whole being rated highly appropriate. These findings provide 

preliminary evidence that the proposed model has acceptable content validity and has 

potential for use in both research and the practice of science teaching in high schools. 

Nevertheless, the study still has several limitations. First, the survey remains 

preliminary and mainly serves to examine the initial appropriateness, clarity, and 

feasibility of the dimensions and indicators in the model; therefore, it does not yet provide 

sufficient evidence to confirm the measurement structure of scientific creativity 

competence with certainty. In addition, the present data analysis relies primarily on 
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descriptive statistics and has not yet incorporated more advanced quantitative analyses 

such as reliability testing, factor analysis, or measurement-model testing on a larger 

sample. Moreover, the applicability of the behavioral indicators across different teaching 

contexts still needs to be examined through experimental studies. 

Accordingly, future research should continue refining the indicator system, 

expanding the scope of the survey, and conducting empirical validation on larger and 

more diverse samples and contexts. At the same time, MSCC needs to be developed into 

concrete assessment tools such as questionnaires, observation rubrics, or sets of criteria 

for evaluating scientific and STEM learning tasks. Further refinement of the model would 

not only strengthen the theoretical foundations of scientific creativity competence but also 

offer practical value for instructional design and assessment in line with competency-

based education in schools today.  

 

REFERENCES 

 

Aguilera, D.; Ortiz-Revilla, J. STEM vs. STEAM education and student creativity: A 

systematic literature review. Education Sciences, v. 11, n. 7, 331, 2021. 

https://doi.org/10.3390/educsci11070331. 

Aschauer, W.; Haim, K.; Weber, C. A contribution to scientific creativity: A validation 

study measuring divergent problem solving ability. Creativity Research Journal, v. 34, 

p. 195-212, 2021. https://doi.org/10.1080/10400419.2021.1968656. 

Bao, L.; Koenig, K. Physics education research for 21st century learning. Disciplinary and 

Interdisciplinary Science Education Research, v. 1, n. 1, 2019. 

https://doi.org/10.1186/s43031-019-0007-8. 

Benedek, M.; Fink, A. Toward a neurocognitive framework of creative cognition: The role 

of memory, attention, and cognitive control. Current Opinion in Behavioral Sciences, 

v. 27, p. 116-122, 2019. https://doi.org/10.1016/j.cobeha.2018.11.002. 

Bui, L. T. N.; Khuu, V. T. Inquiry-based learning: An effective approach to teaching 

science aiming to develop students’ competencies. Vietnam Journal of Education, v. 

4, n. 1, p. 61-68, 2020. https://doi.org/10.52296/vje.2020.9. 

Calavia, M. B.; Blanco, T.; Casas, R. Fostering creativity as a problem-solving competence 

through design: Think-Create-Learn, a tool for teachers. Thinking Skills and 

Creativity, v. 39, p. 100761, 2021. https://doi.org/10.1016/j.tsc.2020.100761. 

Chalkiadaki, A. A systematic literature review of 21st century skills and competencies in 

primary education. International Journal of Instruction, v. 11, n. 3, p. 1-16, 2018. 

https://doi.org/10.3390/educsci11070331
https://doi.org/10.1080/10400419.2021.1968656
https://doi.org/10.1186/s43031-019-0007-8
https://doi.org/10.1016/j.cobeha.2018.11.002
https://doi.org/10.52296/vje.2020.9
https://doi.org/10.1016/j.tsc.2020.100761


13              Le Quang Chau & Phung Viet Hai 

  

 

Veredas do Direito, v.23, e235907 – 2026 

Veredas do Direito, v.23 n.2, e23xxx – 2026 

https://doi.org/10.12973/iji.2018.1131a. 

Chau, L. Q. Developing scientific creativity competence among high school students in Ho 

Chi Minh City, Vietnam: A cognitive psychology perspective. Revista Políticas 

Públicas & Cidades, v. 15, n. 3, p. e3277, 2026. https://doi.org/10.23900/2359-

1552v15n3-45-2026. 

DeHaan, R. L. Teaching creativity and inventive problem solving in science. CBE-Life 

Sciences Education, v. 8, n. 3, p. 172-181, 2009. https://doi.org/10.1187/cbe.08-12-

0081. 

Demircioğlu, T.; Karakus, M.; Ucar, S. Developing Students’ Critical Thinking Skills and 

Argumentation Abilities Through Augmented Reality-Based Argumentation 

Activities in Science Classes. Science & Education, v. 32, n. 4, p. 1165-1195, 2022. 

https://doi.org/10.1007/s11191-022-00369-5. 

De Vries, H.; Lubart, T. Scientific creativity: Divergent and convergent thinking and the 

impact of culture. Journal of Creative Behavior, v. 53, p. 145-155, 2019. 

https://doi.org/10.1002/jocb.184. 

Gómiz-Aragón, M.; Aragón-Méndez, M. M.; Vieira, R. M.; Tenreiro-Vieira, C.; Oliva, J. 

M. Creative and Critical Thinking and Modelling: Confluences and Implications for 

Science Teaching. Journal of Intelligence, v. 13, n. 9, p. 111, 2025. 

https://doi.org/10.3390/jintelligence13090111. 

González-Pérez, L. I.; Ramírez-Montoya, M. S. Components of Education 4.0 in 21st 

Century Skills Frameworks: Systematic Review. Sustainability, v. 14, n. 3, p. 1493, 

2022. https://doi.org/10.3390/su14031493. 

Gu, J. et al. Cognitive and neural mechanisms of mental imagery supporting creative 

cognition. Communications Biology, v. 8, 2025. https://doi.org/10.1038/s42003-025-

08513-x. 

Han, H.-J.; Shim, K. Development of an engineering design process-based teaching and 

learning model for scientifically gifted students in South Korea. Asia-Pacific Science 

Education, v. 5, 2019. https://doi.org/10.1186/s41029-019-0047-6. 

Herodotou, C.; Sharples, M.; Gaved, M.; Kukulska-Hulme, A.; Rienties, B.; Scanlon, E.; 

Whitelock, D. Innovative Pedagogies of the Future: An Evidence-Based Selection. 

Frontiers in Education, v. 4, 2019. https://doi.org/10.3389/feduc.2019.00113. 

Hu, W.; Adey, P. A scientific creativity test for secondary school students. International 

Journal of Science Education, v. 24, n. 4, p. 389-403, 2002. 

https://doi.org/10.1080/09500690110098912. 

Jia, X.; Li, W.; Cao, L. The role of metacognitive components in creative thinking. 

Frontiers in Psychology, v. 10, 2019. https://doi.org/10.3389/fpsyg.2019.02404. 

Kelley, T. R.; Knowles, J. G. A conceptual framework for integrated STEM education. 

https://doi.org/10.12973/iji.2018.1131a
https://doi.org/10.23900/2359-1552v15n3-45-2026
https://doi.org/10.23900/2359-1552v15n3-45-2026
https://doi.org/10.1187/cbe.08-12-0081
https://doi.org/10.1187/cbe.08-12-0081
https://doi.org/10.1007/s11191-022-00369-5
https://doi.org/10.1002/jocb.184
https://doi.org/10.3390/jintelligence13090111
https://doi.org/10.3390/su14031493
https://doi.org/10.1038/s42003-025-08513-x
https://doi.org/10.1038/s42003-025-08513-x
https://doi.org/10.1186/s41029-019-0047-6
https://doi.org/10.3389/feduc.2019.00113
https://doi.org/10.1080/09500690110098912
https://doi.org/10.3389/fpsyg.2019.02404


 14  A STRUCTURAL MODEL OF SCIENTIFIC CREATIVITY COMPETENCE FOR HIGH SCHOOL STUDENTS: THEORETICAL FOUNDATIONS AND A PRELIMINARY SURVEY 

FRAMEWORK 

 

 

 

Veredas do Direito, v.23, e235907 – 2026 

 

International Journal of STEM Education, v. 3, p. 1-11, 2016. 

https://doi.org/10.1186/s40594-016-0046-z.  

Kwangmuang, P.; Jarutkamolpong, S.; Sangboonraung, W.; Daungtod, S. The 

development of learning innovation to enhance higher order thinking skills for students 

in Thailand junior high schools. Heliyon, v. 7, n. 6, p. e07309, 2021. 

https://doi.org/10.1016/j.heliyon.2021.e07309. 

Lebuda, I.; Benedek, M. A systematic framework of creative metacognition. Physics of 

Life Reviews, v. 46, p. 161-181, 2023. https://doi.org/10.1016/j.plrev.2023.07.002. 

Lin, C.; Hu, W.; Adey, P.; Shen, J. The influence of CASE on scientific creativity. Research 

in Science Education, v. 33, n. 2, p. 143-162, 2003. 

https://doi.org/10.1023/A:1025078600616. 

Lu, Y.-Y.; Lin, H.-s.; Smith, T. J.; Hong, Z.-R.; Hsu, W.-Y. The effects of critique-driven 

inquiry intervention on students’ critical thinking and scientific inquiry competency. 

Journal of Baltic Science Education, v. 19, n. 6, p. 954-971, 2020. 

https://doi.org/10.33225/jbse/20.19.954. 

Lucas, B. A five-dimensional model of creativity and its assessment in schools. Applied 

Measurement in Education, v. 29, p. 278-290, 2016. 

https://doi.org/10.1080/08957347.2016.1209206. 

MINISTRY OF EDUCATION AND TRAINING. General Education Curriculum - 

Overall Curriculum. Hanoi: Ministry of Education and Training, 2018. 

Nguyen, V.-H.; Cheng, P.-H.; Chien, Y.-H.; Chang, C.-Y. The scientist’s ways in national 

science curricula: A comparative study between Taiwan and Vietnam. Eurasia Journal 

of Mathematics, Science and Technology Education, v. 19, n. 11, p. em2355, 2023. 

https://doi.org/10.29333/ejmste/13753 

OECD. PISA 2022 results (Volume III): Creative minds, creative schools. Paris: OECD 

Publishing, 2024. 

Pinar, F. I. L. et al. Fostering scientific creativity in science education through scientific 

problem-solving approaches and STEM contexts: A meta-analysis. Disciplinary and 

Interdisciplinary Science Education Research, v. 7, 18, 2025. 

https://doi.org/10.1186/s43031-025-00137-9. 

Qiang, R. et al. Critical thinking disposition and scientific creativity: The mediating role of 

creative self-efficacy. Journal of Creative Behavior, v. 54, p. 90-99, 2020. 

https://doi.org/10.1002/jocb.347. 

Schaller, M. D.; Gencheva, M.; Gunther, M. R.; Weed, S. A. Training doctoral students in 

critical thinking and experimental design using problem-based learning. BMC Medical 

Education, v. 23, n. 1, 2023. https://doi.org/10.1186/s12909-023-04569-7. 

Sternberg, R.; Todhunter, R.; Litvak, A.; Sternberg, K. The relation of scientific creativity 

https://doi.org/10.1186/s40594-016-0046-z
https://doi.org/10.1016/j.heliyon.2021.e07309
https://doi.org/10.1016/j.plrev.2023.07.002
https://doi.org/10.1023/A:1025078600616
https://doi.org/10.33225/jbse/20.19.954
https://doi.org/10.1080/08957347.2016.1209206
https://doi.org/10.29333/ejmste/13753
https://doi.org/10.1186/s43031-025-00137-9
https://doi.org/10.1002/jocb.347
https://doi.org/10.1186/s12909-023-04569-7


15              Le Quang Chau & Phung Viet Hai 

  

 

Veredas do Direito, v.23, e235907 – 2026 

Veredas do Direito, v.23 n.2, e23xxx – 2026 

and evaluation of scientific impact to scientific reasoning and general intelligence. 

Journal of Intelligence, v. 8, n. 2, 17, 2020. 

https://doi.org/10.3390/jintelligence8020017. 

Suherman, S.; Vidákovich, T.; Mujib, M.; Hidayatulloh, H.; Andari, T.; Susanti, V. D. The 

Role of STEM Teaching in Education: An Empirical Study to Enhance Creativity and 

Computational Thinking. Journal of Intelligence, v. 13, n. 7, p. 88, 2025. 

https://doi.org/10.3390/jintelligence13070088. 

Tan, A.-L.; Ong, Y. S.; Ng, Y. S.; Tan, J. H. J. STEM Problem Solving: Inquiry, Concepts, 

and Reasoning. Science & Education, v. 32, n. 2, p. 381-397, 2022. 

https://doi.org/10.1007/s11191-021-00310-2. 

Thornhill-Miller, B.; Camarda, A.; Mercier, M.; Burkhardt, J.-M.; Morisseau, T.; 

Bourgeois-Bougrine, S.; Vinchon, F.; El Hayek, S.; Augereau-Landais, M.; Mourey, 

F.; Feybesse, C.; Sundquist, D.; Lubart, T. Creativity, Critical Thinking, 

Communication, and Collaboration: Assessment, Certification, and Promotion of 21st 

Century Skills for the Future of Work and Education. Journal of Intelligence, v. 11, n. 

3, p. 54, 2023. https://doi.org/10.3390/jintelligence11030054. 

Tran, Dinh L. Entrepreneurial activities of students at Thanh Hoa University of Culture, 

Sports and Tourism: Current situation, international experience, and proposed 

solutions to promote them. Journal of Education, v. 24, n. 13, p. 349-353, 2024. 

Retrieved from https://tcgd.tapchigiaoduc.edu.vn/index.php/tapchi/article/view/3475. 

Vu, T. N. O.; Luu, H. T.; Nhu, V. C.; Vu, T. Q.; Do, T. Q. M. Enhancing scientific research 

competencies of Vietnamese high school students through STEM education. Asia-Pacific 

Science Education, v. 10, n. 2, p. 318-349, 2024. https://doi.org/10.1163/23641177-

bja10085. 

Xu, S.; Reiss, M. J.; Lodge, W. Comprehensive scientific creativity assessment (C-SCA): 

A new approach for measuring scientific creativity in secondary school students. 

International Journal of Science and Mathematics Education, v. 23, n. 2, p. 293-319, 

2025. https://doi.org/10.1007/s10763-024-10469-z. 

Ye, P.; Xu, X. A case study of interdisciplinary thematic learning curriculum to cultivate 

“4C skills.” Frontiers in Psychology, v. 14, 2023. 

https://doi.org/10.3389/fpsyg.2023.1080811. 

Zhang, W.; Guan, Y.; Hu, Z. The efficacy of project-based learning in enhancing 

computational thinking among students: A meta-analysis of 31 experiments and quasi-

experiments. Education and Information Technologies, v. 29, n. 11, p. 14513-14545, 

2024. https://doi.org/10.1007/s10639-023-12392-2. 

 

  

https://doi.org/10.3390/jintelligence8020017
https://doi.org/10.3390/jintelligence13070088
https://doi.org/10.1007/s11191-021-00310-2
https://doi.org/10.3390/jintelligence11030054
https://tcgd.tapchigiaoduc.edu.vn/index.php/tapchi/article/view/3475
https://doi.org/10.1163/23641177-bja10085
https://doi.org/10.1163/23641177-bja10085
https://doi.org/10.1007/s10763-024-10469-z
https://doi.org/10.3389/fpsyg.2023.1080811
https://doi.org/10.1007/s10639-023-12392-2


 16  A STRUCTURAL MODEL OF SCIENTIFIC CREATIVITY COMPETENCE FOR HIGH SCHOOL STUDENTS: THEORETICAL FOUNDATIONS AND A PRELIMINARY SURVEY 

FRAMEWORK 

 

 

 

Veredas do Direito, v.23, e235907 – 2026 

 

Authors’ Contribution 

All authors contributed equally to the development of this article. 

 

Data availability 

All datasets relevant to this study’s findings are fully available within the article. 

 

How to cite this article (APA) 

Chau, L. Q., & Hai, P. V. (2026). A STRUCTURAL MODEL OF SCIENTIFIC 

CREATIVITY COMPETENCE FOR HIGH SCHOOL STUDENTS: THEORETICAL 

FOUNDATIONS AND A PRELIMINARY SURVEY FRAMEWORK. Veredas Do 

Direito, 23(6), e235907. https://doi.org/10.18623/rvd.v23.5907 


