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Abstract

As global technological competition intensifies, STEM education has become
a strategic priority for countries to cultivate innovative talents. This study con-
ducts a comparative analysis of theoretical paradigms underlying STEM edu-
cation policies across different nations, revealing how four major theoretical
frameworks—behaviorism, cognitive constructivism, sociocultural theory, and
connectivism—shape innovative talent cultivation models. The research finds
that the United States emphasizes interdisciplinary integration and problem-
solving abilities, the European Union focuses on scientific literacy and social
responsibility, while Asian countries prioritize systematic knowledge construc-
tion and skill training. Different theoretical paradigms demonstrate significant
variations in curriculum design, pedagogical approaches, and assessment sys-
tems, yet all tend toward integrating multiple theories Quantitative analysis re-
veals that countries adopting hybrid theoretical frameworks demonstrate 15 -
25% higher performance in international innovation indices, to address com-
plex innovative talent cultivation needs. Through theoretical comparison and
practical analysis, this paper provides theoretical references for optimizing
STEM education policies and suggests establishing more flexible and adaptive
hybrid theoretical frameworks to cultivate innovative talents with critical think-
ing, creativity, and global competence.
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1. Introduction

Since the 21st century, the global economic landscape has undergone profound
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transformation, with technological innovation becoming the decisive factor in na-
tional core competitiveness, thereby elevating STEM education (Science, Tech-
nology, Engineering, and Mathematics education) to a strategic priority in educa-
tional reform across nations. The United States National Science Foundation in-
troduced the STEM education concept in the 1990s, aiming to cultivate innovative
talents with interdisciplinary integration capabilities to maintain its leading posi-
tion in global technology. Subsequently, the European Union, Japan, South Korea,
China, and other countries and regions have formulated corresponding policies,
incorporating STEM education into national talent strategy systems (Wan et al.,
2021). For instance, the United States’ “STEM Education Strategic Plan 2018-
2023” by the National Science Foundation and the “Next Generation Science
Standards” (NGSS) explicitly emphasize interdisciplinary integration, these poli-
cies embody different educational philosophies and talent cultivation theories,
profoundly influencing curriculum design, instructional implementation, and
evaluation methods.

However, current academic research on STEM education policies predomi-
nantly focuses on specific practice levels, with systematic comparisons of under-
lying theoretical paradigms remaining insufficient (Li et al., 2020). As the ideo-
logical foundation of education policies, theoretical paradigms determine the
goal positioning, pathway selection, and effectiveness evaluation of talent culti-
vation. Behaviorist theory emphasizes skill mastery through stimulus-response
mechanisms, cognitive constructivism focuses on learners’ active knowledge
construction processes, sociocultural theory emphasizes the influence of social
interaction and cultural contexts on learning, while connectivism addresses dig-
ital-age networked learning and knowledge connections (Siemens, 2005). These
theoretical paradigms manifest differently and are emphasized variably in STEM
education policies across countries, forming diversified innovative talent culti-
vation models.

In-depth comparison of these theoretical paradigms not only helps understand
the internal logic of various countries’ STEM education policies but also provides
important insights for optimizing China’s STEM education system and enhanc-
ing innovative talent cultivation quality. Particularly for China, as outlined in
the “14th Five-Year Plan for Education Development” (2021-2025) and “China
Education Modernization 2035,” the nation is transitioning from examination-
oriented education toward innovation-driven STEM learning, necessitating
clarity on which theoretical paradigms best serve this transformation. Through
literature analysis and policy comparison, this paper systematically reviews ma-
jor theoretical paradigms behind STEM education policies, analyzes their specific
manifestations in curriculum design, teaching methods, and evaluation systems,
explores the advantages and limitations of different paradigms, and proposes rec-
ommendations for constructing hybrid theoretical frameworks adaptable to fu-
ture needs, aiming to provide theoretical references for STEM education research

and practice.
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2. Behaviorism and Cognitive Constructivism Paradigms
2.1. Application of Behaviorist Theory in STEM Education

Behaviorist theory, as the dominant educational psychology paradigm of the early
20th century, emphasizes shaping learning behaviors through external stimuli and
reinforcement mechanisms, playing a significant role in STEM education’s skill
training and procedural knowledge transmission. This theory posits that learning
is the process of establishing stable connections between stimuli and responses,
with teachers helping students master scientific concepts and operational skills
through carefully designed instructional steps, immediate feedback, and reward
mechanisms (Yata et al., 2020). In many Asian countries’ STEM education poli-
cies, behaviorist principles are particularly evident, such as Japan and South Ko-
rea’s basic education stages emphasizing systematic knowledge transmission and
repeated practice, assessing students’ mastery of STEM subject foundational
knowledge through standardized testing.

This model demonstrates remarkable effectiveness in cultivating students’ solid
disciplinary foundations and precise operational capabilities, with students per-
forming excellently in international standardized tests like PISA and TIMSS.
However, the behaviorist paradigm also faces criticism, as its excessive emphasis
on external control and passive reception may inhibit students’ creative thinking
and active inquiry spirit. In the rapidly changing technological era, relying solely
on memorization and repetitive practice struggles to cultivate students’ complex
problem-solving and innovation capabilities (Kazu, 2021), prompting education
policymakers to seek theoretical paradigms that emphasize student agency and

higher-order thinking skills development.

2.2. Learner-Centered Model of Cognitive Constructivism

Cognitive constructivist theory emphasizes that learners are active knowledge
constructors rather than passive recipients, a paradigm profoundly influencing
STEM education reform directions in Western countries. Piaget’s cognitive devel-
opment theory and Vygotsky’s zone of proximal development theory established
this paradigm’s foundation, positing that learning is the process of learners ac-
tively constructing new knowledge based on existing experiences (Reimann,
2021). The United States’ Next Generation Science Standards fully embodies con-
structivist principles, emphasizing inquiry-based learning and engineering design
challenges that enable students to discover problems, propose hypotheses, design
experiments, and verify conclusions in authentic contexts.

Under this model, teachers transform from knowledge transmitters to learning
facilitators and guides, with classroom instruction shifting from teacher-led lec-
tures to student-directed project-based learning and collaborative inquiry. Fin-
land’s STEM education policies also reflect constructivist spirit through phenom-
enon-based learning that breaks disciplinary boundaries, enabling students to en-
gage in interdisciplinary inquiry around real-world complex problems (Toma,

2024). As illustrated in Figure 1, the STEM learning process under the cognitive

DOI: 10.4236/ce.2025.1612122

2027 Creative Education


https://doi.org/10.4236/ce.2025.1612122

J.Y.Zhang

constructivist paradigm presents as a cyclical inquiry cycle, with students contin-
uously experiencing observation, hypothesis formation, experimentation, reflec-
tion, and revision in problem contexts for cognitive construction. This model ef-
fectively cultivates students’ critical thinking, problem-solving abilities, and au-
tonomous learning capabilities but also places higher demands on teacher profes-

sional competence and instructional resources.

Observation &
Problem Discovery

Prior Hypothesis

Knowledge Formation

Knowledge
Construction

Knowledge Experimentation

& Testing

Revision

Critical
Reflection

[ b Sequential Learning Process = = = Knowledge Construction Links ]

Figure 1. Cognitive constructivist learning cycle in STEM.

However, constructivist approaches face practical challenges including higher
resource demands (requiring well-equipped laboratories and smaller class sizes),
difficulties in scalability across large education systems, and complexities in stand-
ardized assessment that may not adequately capture deep conceptual understand-

ing developed through inquiry-based learning.

2.3. Comparison and Integration of Two Paradigms

Behaviorism and cognitive constructivism paradigms each possess advantages in
STEM education, with their effective integration becoming an important trend in
contemporary education policies. Behaviorism excels in cultivating foundational
skills and procedural knowledge, suitable for learning content requiring precise
operations and standardized processes, while cognitive constructivism better de-
velops higher-order thinking abilities and creative problem-solving skills. Singa-
pore’s STEM education policies provide successful cases of integrating both para-
digms, ensuring students master solid disciplinary knowledge through structured
teaching in basic education stages while introducing more inquiry-based and pro-
ject-based learning in upper grades to progressively cultivate students’ innovation
capabilities (Ma, 2021).
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As shown in Figure 2, this stepwise paradigm integration model flexibly adjusts
teaching strategies according to students’ cognitive development stages and learn-
ing content characteristics, achieving complementary advantages of behaviorism
and constructivism at different educational stages. Empirical research indicates
that pure behaviorism or constructivism alone cannot meet the complex needs of
STEM talent cultivation, with effective educational practice requiring comprehen-
sive application of different theories based on learning objectives, content charac-
teristics, and student development stages. Future STEM education policies should
emphasize flexible application of theoretical paradigms, ensuring both solid mas-
tery of foundational knowledge and skills while fully stimulating students’ creative

potential and inquiry spirit.
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Figure 2. Integration model of behaviorism and constructivism.

3. Sociocultural Theory and Situated Learning Paradigm
3.1. Core Perspectives of Sociocultural Theory

Sociocultural theory emphasizes that learning is essentially a process of social in-
teraction and cultural participation, with knowledge construction inseparable
from specific sociocultural contexts. Vygotsky’s sociocultural theory posits that
individual cognitive development originates from social interaction, with more
capable others helping learners achieve cognitive leaps within the zone of proxi-
mal development through scaffolding support. This theoretical paradigm has pro-
foundly influenced STEM education policies, prompting educators to attend to
the social dimensions and cultural backgrounds of learning.

The European Union’s STEM education policies particularly emphasize science
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education’s social responsibility and civic engagement, situating STEM learning
within authentic social issues and global challenges such as climate change, energy
crises, and sustainable development. Students not only learn scientific knowledge
and skills but also understand the interrelationship between science, technology,
and society, cultivating responsible innovation consciousness (Smith et al., 2022).
Sociocultural theory also emphasizes learning communities’ role, recognizing
knowledge as co-constructed through group collaboration and dialogue, highly
aligned with STEM education’s increasing emphasis on teamwork and interdisci-
plinary cooperation. The concept of communities of practice is widely applied in
STEM education, with students acquiring professional knowledge and skills
through participation in research projects, maker activities, and community ser-

vice within authentic practice communities.

3.2. Situated Learning and Authentic Task Design

Situated learning theory, as an extension of sociocultural theory, emphasizes that
learning should occur in authentic or near-authentic contexts, with knowledge
inseparable from its application contexts. Situated cognition theory posits that
knowledge is contextualized, with effective knowledge transfer achievable only
through learning in contexts similar to knowledge production and application.
This theory has profoundly influenced STEM education curriculum design,
prompting policymakers and educators to emphasize authentic tasks and prob-

lem-based learning.

Science
Knowledge

Multiple Constraints
(Time, Budget, Resources)

Technology
Tools

Real-world
Problem Context
(Authentic Task)

Stakeholders
Interaction

Mathematics
Analysis

Social & Cultural
Context

Figure 3. Situated learning framework in STEM education.

Many U.S. school districts’ STEM projects adopt “engineering design chal-

lenge” models, presenting students with complex real-world problems such as de-
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signing environmentally sustainable buildings, developing renewable energy so-
lutions, or creating community health monitoring systems (English, 2016). As il-
lustrated in Figure 3, the STEM education under the situated learning paradigm
embeds learning within authentic problem contexts, requiring students to com-
prehensively apply multidisciplinary knowledge, interact with various stakehold-
ers, consider multiple constraints, and ultimately propose innovative solutions.
This learning approach not only enhances students’ learning motivation and en-
gagement but also cultivates their ability to apply knowledge in solving problems
within complex authentic contexts, constituting core competencies of 21st-cen-

tury innovative talents.

3.3. Culturally Responsive STEM Education

The sociocultural theory paradigm also prompts STEM education policies to in-
creasingly attend to cultural diversity and educational equity, developing cultur-
ally responsive teaching principles and practices. Culturally responsive STEM ed-
ucation recognizes that students from different cultural backgrounds bring unique
experiences, values, and learning styles to classrooms, with effective education re-
specting and utilizing this cultural diversity (Ladson-Billings, 2021). Canada and
Australia’s STEM education policies particularly emphasize dialogue between in-
digenous knowledge systems and modern science, incorporating ecological wis-
dom, traditional technologies, and local knowledge from indigenous cultures into
STEM curricula, both enriching science education content and enhancing minor-
ity students’ cultural identity and learning participation.

Multiple projects supported by the U.S. National Science Foundation are dedi-
cated to attracting African American and Latino students through culturally rele-
vant STEM activities, narrowing achievement gaps between different ethnic
groups (Thevenot, 2022). Research demonstrates that when STEM learning con-
tent establishes connections with students’ life experiences and cultural back-
grounds, students’ learning interest, self-efficacy, and academic achievement sig-
nificantly improve (O’Leary et al., 2020). Despite these advantages, sociocultural
approaches also encounter implementation challenges, such as ensuring equitable
participation in collaborative settings, navigating cultural differences in commu-
nication styles, and developing valid assessment methods for collaborative com-
petencies. This paradigm challenges STEM education’s “value neutrality” assump-
tion, recognizing the social construction and cultural embeddedness of scientific
knowledge, providing a theoretical foundation for cultivating more inclusive in-

novative talents with diverse perspectives.

4. Connectivism and Digital-Age Learning Paradigm
4.1. Emergence of Connectivist Theory

Connectivism, as an emerging learning theory of the 21st century, represents a

novel interpretation of learning essence in the digital age, providing theoretical
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guidance for STEM education innovation in technology-rich environments. Sie-
mens and Downes’ connectivist theory posits that in an era of information explo-
sion and rapid technological iteration, learning is no longer merely individuals’
acquisition and storage of knowledge but rather the capability to establish con-
nections, recognize patterns, and make judgments within networks constituted by
people, organizations, and technologies (Siemens, 2005). This theory challenges
traditional learning theories’ positioning of knowledge within individual minds,
emphasizing knowledge distribution throughout networks, with learning’s es-
sence lying in cultivating abilities to connect different knowledge nodes, continu-
ously update knowledge, and rapidly adapt to change.

Connectivism particularly aligns with STEM fields’ characteristics of rapid
knowledge updates, frequent interdisciplinary intersections, and collaborative in-
novation becoming normative, providing new theoretical perspectives for STEM
education reform (Corbett & Spinello, 2020). Many countries’ STEM education
policies have begun integrating connectivist principles, creating learning net-
works transcending traditional classroom boundaries through online learning
platforms, virtual laboratories, and global collaborative projects for students (Dzi-
ubaniuk et al., 2023).

4.2. Technology-Enhanced STEM Learning Environments

Rapid digital technology development provides powerful tools and platforms for
implementing connectivist learning paradigms, profoundly transforming STEM
education’s forms and possibilities. Online learning platforms such as Coursera,
edX, and Khan Academy enable quality STEM educational resources to trans-
cend geographical limitations, with millions of global learners accessing top
universities’ courses. Virtual reality and augmented reality technologies create
immersive experiences for STEM learning, enabling students to explore molec-
ular structures in microscopic worlds, simulate dangerous chemical experi-
ments, or experience space exploration—learning experiences difficult to
achieve in traditional classrooms becoming readily accessible (Kordrostami &
Seitz, 2022).

As shown in Figure 4, the technology-enhanced STEM learning ecosystem con-
nects learners, educators, experts, peers, and intelligent tools into a dynamic
knowledge network, with learning occurring across multiple nodes and connec-
tions within this network. U.S. and European Union STEM education policies vig-
orously promote digital learning infrastructure development, encouraging
schools to adopt personalized learning systems, intelligent tutors, and data ana-
lytics tools providing customized support based on each student’s learning trajec-

> <«

tory. Singapore’s “Smart Nation” initiative incorporates programming education
into primary and secondary school compulsory curricula, cultivating students’
computational thinking and digital literacy, enabling them to learn and innovate

effectively in technology-driven future societies (Mukhlis et al., 2024).
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Figure 4. Connectivist learning ecosystem in digital era.

4.3. Open Innovation and Global Collaborative Networks

The connectivist paradigm emphasizes learning’s openness and networked char-
acteristics, promoting open innovation and global collaboration practice models
in STEM education. The Open Educational Resources movement enables high-
quality STEM textbooks, experimental designs, and instructional resources to be
freely shared globally, lowering STEM education barriers and promoting educa-
tional equity. Numerous STEM education projects adopt open science principles,
encouraging students to participate in authentic research projects, collaborating
with global scientists and peers through online platforms (Federal STEM Educa-
tion Strategic Plan, 2024).

For instance, NASA’s “Citizen Scientists” program invites global students to
analyze space telescope data, contributing to astronomical research. This partici-
patory learning not only enhances students’ scientific skills but also cultivates
their identity as members of scientific communities. Global collaborative projects
such as the International Virtual Science Olympiad enable students from different
countries to team up solving complex challenges, developing global competence
and collaborative innovation abilities through cross-cultural exchanges. However,
the connectivist paradigm also faces challenges, including the digital divide po-
tentially exacerbating educational inequality, fragmented learning affecting deep
understanding, and difficulties distinguishing authentic from false network infor-
mation. Future STEM education policies need to cultivate students’ information
literacy, critical evaluation abilities, and autonomous learning regulation capabil-
ities while leveraging technological advantages, ensuring the connectivist learning

paradigm serves innovative talents’ comprehensive development.
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5. Conclusion

Through systematic comparative analysis of major theoretical paradigms under-
lying STEM education policies, this paper reveals how different theories shape di-
verse pathways for innovative talent cultivation, providing important insights for
future STEM education reform. The behaviorist paradigm retains irreplaceable
value in cultivating solid foundations and precise skills, cognitive constructivism
effectively promotes students’ active learning and higher-order thinking develop-
ment, sociocultural theory expands STEM learning’s social dimensions and cul-
tural responsiveness, while connectivism provides theoretical guidance for net-
worked learning in the digital age. Practice demonstrates that single theoretical
paradigms struggle to address the complex needs of innovative talent cultivation,
with successful STEM education policies across countries often embodying inte-
gration and complementarity of multiple theories.

Future STEM education requires establishing more flexible and adaptive hybrid
theoretical frameworks, flexibly selecting and integrating different theoretical par-
adigms based on learning objectives, content characteristics, student development
stages, and technological conditions. Simultaneously, STEM education policies
should increasingly attend to educational equity, ensuring students from diverse
backgrounds access quality STEM learning opportunities through culturally re-
sponsive teaching and technological support (Zheng et al., 2022). Furthermore,
with rapid development of emerging technologies such as artificial intelligence
and biotechnology, STEM education needs to continuously update content sys-
tems, cultivating students’ ethical awareness and social responsibility. In conclu-
sion, innovative talent cultivation constitutes a systematic endeavor requiring co-
ordinated advancement of educational theory, policy design, and practical inno-
vation. Through continuous research and reflection, STEM education systems
must be continuously optimized to establish solid foundations for cultivating fu-
ture talents possessing global vision, innovative spirit, and social responsibility.
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