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Abstract: As global emphasis on fostering innovation and comprehensive competencies grows, the
value of STEM (Science, Technology, Engineering, Mathematics) education at the preschool level
has become increasingly evident. Building on a review of the theoretical foundations of STEM edu-
cation and project-based learning, as well as domestic and international research, this study designs
and implements the "Drip Exploration" project-based teaching program tailored to the preschool
context. Aiming to cultivate children's problem-posing awareness, collaborative skills, and hands-
on practice abilities, the research combines action research with case analysis. By tracking observa-
tions, conducting interviews, and evaluating outcomes in a "Little Engineers" project among a mid-
dle-level class group in one kindergarten, the study examines how project-based learning stimulates
children's curiosity, promotes interdisciplinary learning, and enhances overall competencies. Re-
sults show that project-based learning effectively integrates multiple disciplines, boosts preschool-
ers' enthusiasm for exploration and teamwork, and offers a replicable model for kindergarten STEM
practice. Finally, in response to challenges such as insufficient teacher preparation and limited cur-
ricular resources, the paper proposes optimization strategies and practical recommendations to sup-
port the broader adoption and deepening of project-based STEM education in preschool settings.
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1. Introduction

Under the twin forces of globalization and digitalization, cultivating individuals with
an innovative spirit and well-rounded competencies has become a central goal of educa-
tional reforms worldwide. STEM education—centered on science, technology, engineer-
ing, and mathematics —emphasizes interdisciplinary integration and inquiry-based prac-
tice, and is gradually extending into preschool programs. Preschoolers are at a critical

= stage of heightened curiosity and eagerness to learn; through varied activities such as sci-
Copyright: © 2025 by the authors.  ence experiments, engineering builds, technology interactions, and math games, they can
Submitted for possible open access  Jeve]op an intuitive understanding of natural phenomena and basic principles while hon-
ing problem-solving mindsets and teamwork skills through "learning by doing" and "do-
ing by learning. " However, in China, significant gaps remain in preschool STEM curric-
ulum design, professional teacher training, and resource allocation. Regional disparities
in educational infrastructure and uneven teacher expertise in STEM teaching present ma-
jor barriers to the widespread adoption of project-based approaches. Project-based learn-
ing (PBL) embeds authentic, meaningful tasks into a contextualized, task-oriented learn-
ing sequence, aligning with constructivist views of children as active knowledge builders
and with Vygotsky's concept of the Zone of Proximal Development, in which appropri-
ately scaffolded support enables learners to exceed their independent capabilities. By
structuring open-ended questions, collaborative work, hands-on action, and reflective
evaluation, PBL motivates children within concrete scenarios, guiding them through the
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full inquiry cycle with teacher and peer assistance, and laying a solid foundation for sub-
sequent learning. This study therefore investigates the effectiveness and practice path-
ways of project-based learning in preschool STEM education. We first synthesize the the-
oretical underpinnings of STEM and PBL along with domestic and international experi-
ences, then design and implement the "Drip Exploration” series—focusing on a bridge-
building case. Through systematic observation, interviews, and outcome evaluations, we
capture preschoolers' performance in problem posing, solution design, model construc-
tion, and result sharing. Finally, drawing on teacher logs, children's artifacts, and parent
feedback, we assess PBL's impact on curiosity, interdisciplinary abilities, and overall com-
petency, and provide optimization strategies and practical recommendations for scaling
preschool STEM project-based learning.

2. Theoretical Foundations and Literature Review
2.1. Theoretical Foundations of STEM Education

The core theory behind STEM education derives from constructivist learning and in-
quiry-based paradigms. Constructivism holds that learners actively integrate new
knowledge into existing cognitive structures through interaction with their environment;
preschoolers grasp scientific concepts and technological principles more solidly when
they explore and manipulate directly. Piaget's stages of cognitive development position
preschoolers in the sensorimotor and pre-operational phases, during which they form pre-
liminary understandings of the world via direct perception and concrete actions. Vygot-
sky's Zone of Proximal Development posits that, with appropriate support from teachers
or peers, children can accomplish tasks beyond their standalone capabilities. Combining
these theories with inquiry learning, STEM education emphasizes problem- or project-
driven exploration, letting children pose questions, design solutions, test, and refine
within authentic contexts—thereby honoring cognitive development while igniting in-
trinsic motivation. Moreover, Papert's constructionism offers an enriched perspective for
project-based STEM: learning is most potent when learners create tangible, shareable ar-
tifacts. As preschoolers design, build, and present engineering models or scientific exper-
iments, they become both investigators and constructors of knowledge [1]. Through inter-
disciplinary project tasks, children naturally blend mathematical computation, scientific
observation, and technological manipulation, leading to a holistic understanding of prob-
lems. This process not only cultivates logical reasoning and spatial imagination, but also
fosters teamwork and communication skills, laying a robust foundation for advanced
STEM learning [2].

2.2. Theoretical Framework of Project-Based Learning

Project-based learning (PBL) draws its foundational philosophy from John Dewey's
conviction that "learning through experience" is central to meaningful education. Dewey
maintained that children learn best when engaged in activities directly relevant to their
lives and interests, rather than passive reception of abstract facts. By embedding academic
content within authentic, purposeful tasks, PBL situates learning in real-world contexts
that resonate with young learners. David Kolb's experiential learning cycle further refines
this approach by delineating four interrelated stages—concrete experience, reflective ob-
servation, abstract conceptualization, and active experimentation. In a PBL environment,
preschoolers first encounter a concrete challenge (for example, building a small bridge to
carry toy cars), then pause to reflect on what happened during their initial trials, draw
conclusions about why certain designs worked or failed, and finally test revised ideas in
subsequent hands-on experiments [3]. This recursive "do-reflect-think—do" model rein-
forces deeper understanding: children do not merely memorize the concept of balance or
force; they experience it firsthand, consider their observations, articulate emerging prin-
ciples ("if the supports are wider apart, the bridge holds more weight"), and apply these
insights to redesign. Such iterative cycles foster children's metacognitive skills, as they

Educ. Insights, Vol. 2 No. 5 (2025)

2 https://soapubs.com/index.php/EI


https://soapubs.com/index.php/EI

Educ. Insights, Vol. 2 No. 5 (2025)

learn to monitor their own thinking, evaluate outcomes, and regulate their actions. Lev
Vygotsky's sociocultural theory adds another crucial layer, emphasizing that cognitive
development flourishes in the Zone of Proximal Development (ZPD)—the gap between
what learners can accomplish independently and what they can achieve with guidance.
In PBL, teachers and capable peers provide scaffolding: modeling tool use, asking probing
questions, or offering targeted hints ("What if we add a triangular brace here?") [4]. Over
time, as children internalize these strategies, the support is gradually withdrawn, empow-
ering learners to take increasing ownership of their projects and to tackle more complex
tasks. PBL also foregrounds the social dimensions of learning. Group discussions, shared
decision-making, and role assignments (e.g., "designer", "materials manager", "tester",
"presenter") create a community of practice in which children negotiate ideas, give and
receive feedback, and build empathy and respect. Presentations and reflective dialogues
prompt learners to articulate their reasoning and to listen to alternative perspectives, re-
inforcing language skills and strengthening communication competence. Critically, PBL
integrates multiple domains—science, technology, engineering, mathematics, and even
language arts—into coherent units of study. A single project may require children to
measure lengths (mathematics), observe how different materials respond to stress (sci-
ence), design a stable structure (engineering), use simple programmable controls (tech-
nology), and narrate their process in a story format (language development). By weaving
these strands together in sustained, meaningful projects, PBL encourages holistic devel-
opment, nurturing not only content knowledge but also critical thinking, creativity, col-
laboration, and self-regulated learning —competencies at the heart of 21st-century educa-
tion [5].

3. Current Status of Preschool STEM Education
3.1. Domestic Developments in Preschool STEM Education

In recent years, China's Ministry of Education and provincial and municipal educa-
tion authorities have issued a series of policy documents that elevate innovation and com-
prehensive competency development as core objectives of preschool reform. The National
Medium- and Long-Term Education Reform and Development Plan (2010-2020) and the
Guidelines for Learning and Development of Children Aged 3-6 explicitly call for embed-
ding age-appropriate scientific inquiry and mathematical thinking into play-based curric-
ula, thereby providing top-level policy endorsement for kindergarten STEM program-
ming. Building on these frameworks, pilot initiatives have been launched in cities such as
Beijing, Shanghai, Shenzhen, Guangzhou, and Hangzhou, where local education bureaus
collaborate with university education faculties, technology firms, and nonprofit organiza-
tions to roll out "Scientific Inquiry", "Tiny Engineers", and "Coding Initiation" modules.
These thematic projects typically involve a series of workshops and site visits designed to
familiarize teachers with robotics kits, programmable blocks, and digital learning plat-
forms [6]. Training cohorts often include lesson-study groups, in which kindergarten
teachers observe one another's STEM lessons, co-plan activities, and reflect on classroom
videos. In addition, major early-education conferences in cities like Shanghai now rou-
tinely feature dedicated STEM strands, attracting curriculum developers from leading do-
mestic kindergarten brands as well as experts from global organizations such as the LEGO
Education Academy. On the ground, exemplary kindergartens are moving beyond iso-
lated activities to build fully interdisciplinary, semester-long units. For example, an "Eco-
Guardian" project begins with children classifying and weighing recyclables, progresses
to a design session in which they repurpose materials into planters or storage containers,
and culminates in a data-collection fair where students chart the number and types of
upcycled items and present their findings to parents and peers [7]. Such projects integrate
hands-on science, engineering challenges, mathematics through data logging, and tech-
nology via simple digital documentation tools. Corporate sponsors—including technol-
ogy giants, local startups, and education-focused foundations —have begun underwriting
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these efforts by donating hardware (table-top robots, 3D printers) and funding profes-
sional-development stipends. Some nonprofits partner with kindergartens to establish
"mini-maker spaces”, where children explore gear systems, circuitry with snap-together
components, and screen-based coding under teacher guidance. Collaboration with inter-
national initiatives, such as NASA's "Young Scientist" outreach and the Raspberry Pi
Foundation's "CoderDojo", has further amplified visibility and created regional demon-
stration centers that host open-house STEM fairs. Despite these promising developments,
preschool STEM education in China remains in an exploratory phase marked by stark
regional imbalances. Urban kindergartens in economically advantaged provinces often
enjoy comprehensive resource packages and ongoing in-service training, whereas rural
and midwestern settings struggle with limited budgets, outdated equipment, and teach-
ers who have little access to specialized STEM pedagogy. Moreover, most kindergarten
instructors lack formal preparation in STEM teaching methodologies, frequently out-
sourcing project design and execution to external vendors rather than developing their
own curricula [8]. Assessment frameworks for measuring young children's cross-discipli-
nary competencies, creativity, and collaboration skills are still nascent, with few validated
tools available for large-scale adoption. To foster scalable, high-quality project-based
STEM learning across diverse contexts, it is essential to enhance mechanisms for equitable
resource allocation, broaden both pre-service and in-service teacher training in STEM ped-
agogy, and establish standardized, developmentally appropriate assessment tools.
Through the integration of funding strategies, professional learning communities, and
curriculum innovation, stakeholders can collaboratively address disparities between ur-
ban and rural areas, ensuring that all preschoolers have access to authentic, inquiry-driven
STEM experiences [9].

3.2. International Practices in Preschool STEM Education

In the United States, STEM is integral to early education. The National Research
Council's Framework for K-12 Science Education places scientific inquiry at the core, en-
couraging preschoolers to understand phenomena through observation, manipulation,
and discourse. Many kindergartens feature "science corners" and "engineering corners"
stocked with simple lab equipment and building materials, enabling free exploration in
authentic contexts. Nonprofits like Code.org offer graphical coding courses for preschool-
ers, using touchscreen or block-based tools so children learn algorithmic thinking via
games and stories. NASA's "Young Scientist" program partners with museums, integrat-
ing space exploration themes into preschool curricula through virtual experiences, hands-
on crafts, and group discussions, sparking curiosity and imagination [10]. In Europe, Fin-
land and the UK emphasize interdisciplinary and inquiry-based approaches. Finnish pre-
schools adopt "theme teaching", with projects on "Nature and Environment" or "Mechan-
ics and Structures" that involve outdoor observation, lab work, and collaborative discus-
sion. Rich materials include natural specimens, mini machines, and coding toys, and as-
sessments focus on process and performance. The UK's Early Years Foundation Stage
(EYFS) framework mandates "exploration and creation", promoting child-centered, play-
based learning. Many UK preschools collaborate with tech firms or universities to build
STEAM labs, where children undertake sustainable energy model builds, robot program-
ming, and math storytelling. Teachers share project designs and refine strategies in Pro-
fessional Learning Communities (PLCs). Australia and Singapore also advance preschool
STEM by combining design thinking with PBL. Maker spaces equipped with 3D printers,
sensors, and simple tools invite children to experience the full cycle from problem defini-
tion to prototype testing. These diverse global practices highlight that successful pre-
school STEM PBL depends not only on rich resources and environments, but also on
teacher professional development and robust assessment systems—offering valuable
models for China's preschool reform.
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4. Project-Based Teaching Design and Implementation
4.1. Teaching Objectives and Content Design

This project places "exploration and construction" at its core, seeking to harness pre-
schoolers' natural curiosity and burgeoning cognitive skills by immersing them in authen-
tic, hands-on STEAM experiences. By guiding children to observe, manipulate, and ex-
periment with concrete materials, we aim to foster a deep, intuitive grasp of foundational
concepts in physics—such as forces, balance, and material properties—and to nurture
their emerging scientific thinking. At the same time, through carefully structured chal-
lenges that require them to pose open-ended questions ("How can we make this bridge
hold more weight?"), design potential solutions, and iteratively refine their approaches,
we cultivate both creative problem-solving abilities and a resilient, growth-oriented mind-
set. Equally important is the emphasis on collaborative learning. Small-group work en-
courages preschoolers to articulate their ideas, negotiate roles, and share responsibility for
project outcomes. As they discuss which materials to select, how to distribute tasks, and
how to evaluate success criteria, they practice essential communication skills—listening
actively, expressing themselves clearly, and responding constructively to peers. These so-
cial interactions lay the groundwork for emotional intelligence and teamwork, helping
children learn to value diverse perspectives while building confidence in their own con-
tributions. Mathematical literacy is woven seamlessly into the project sequence. When
children measure lengths of craft sticks, count load-bearing weights, or sort components
by size and function, they gain firsthand experience with number sense, measurement
concepts, and data recording. These activities, far from feeling like abstract drills, are di-
rectly tied to the engineering tasks at hand, demonstrating how mathematics underpins
real-world design challenges. Early exposure to such practical math use not only strength-
ens numerical fluency but also sparks an appreciation for how numbers and patterns help
us understand and shape the world around us. To bring technology and engineering
thinking into the mix, each of our four thematic modules— "Bridge Structures," "The Water
Cycle," "Simple Machines", and "Programmable Vehicles" —incorporates age-appropriate
building kits, model-making supplies, and introductory programmable toys. Children
learn basic sequencing and logical reasoning when they assemble gears or write simple
commands to guide a wheeled robot through a course. These experiences demystify tech-
nology and empower youngsters to see themselves as budding engineers and technolo-
gists. The curriculum unfolds in four stages: teachers first establish a meaningful context
by posing an inquiry question and creating a vivid scenario; next, children collaborate in
small groups to plan and prepare materials; then they engage in hands-on construction
and testing, gathering observations and comparing outcomes; finally, they present their
creations, reflect on successes and challenges, and propose improvements. This cyclical
model—contextualize, build, test, reflect—ensures that every child experiences a com-
plete inquiry—practice-assessment-improvement loop, driving holistic development
across cognitive, social, and emotional domains. In this way, the project not only inte-
grates multiple disciplines but also equips children with the confidence and competencies
they need to explore, innovate, and thrive.

4.2. Implementation Process of Project-Based Teaching

Successful project-based teaching begins with thorough preparation. Teachers must
study the project theme in depth to clarify the scientific principles and engineering tasks
at each stage, select age-appropriate materials and tools based on children's cognitive
characteristics, and arrange an immersive learning corner. For example, in the "Bridge
Structures" project, teachers prepare various recycled cardboard pieces, small wooden
sticks, and connectors in advance, then set up a mock river and roadway in a corner of the
classroom to enhance realism. Next, teachers introduce the project through storytelling or
role-play to ignite children's curiosity and pose an open-ended question—such as "What
kind of bridge can hold up a heavy rock?"—which naturally leads into a discussion of
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materials and design concepts. During the hands-on phase, children work in teams to de-
sign their bridge plans, construct models, and conduct tests for improvement. Teachers
circulate among the groups, offering technical guidance and prompting reflection with
questions like "Which support method do you think is strongest?" As children experiment
and test, they record their observations and compare the load-bearing performance of dif-
ferent structures. In the presentation phase, each group comes to the classroom center to
share their results using a "tell-show-evaluate" format. Peers and teachers provide feed-
back on strengths and areas for improvement, inspiring new ideas. Finally, teachers lead
areflective discussion to help children summarize their project experiences and teamwork
insights. Artifacts such as photographs, charts, or child-created scrapbooks document the
learning journey and lay the groundwork for future thematic extensions.

5. Case Study
5.1. Case Background and Implementation Process

The "Little Engineers" project at a leading bilingual kindergarten in Beijing served as
this study's core case, launching in September 2024 with a middle-level class group of
twenty children. Although the kindergarten boasted substantial STEAM hardware and an
experienced teaching team, most activities had been single-discipline, leaving children
with limited interdisciplinary inquiry experiences. To address this, the project theme was
"Building a Bridge That Can Carry a Toy Car. " Teachers collaborated with an external
science outreach organization to co-design the project plan, define learning objectives and
assessment criteria, and administer a preliminary survey of the children's interests and
prior knowledge. Implementation unfolded in three phases. In Phase 1, teachers used sto-
rytelling and a classroom "river" setup to spark problem awareness, posing the question,
"How can we build a bridge that is both beautiful and sturdy?" Children then formed four
small groups, selected building materials, discussed their design ideas, and sketched pre-
liminary plans. Phase 2 moved into hands-on construction: over 90 minutes, each group
built its bridge and used small scales, weights, and a toy car to test load-bearing perfor-
mance. Teachers guided adjustments with prompts and demonstrations, such as reinforc-
ing the deck or optimizing the span length. In Phase 3, groups presented their finished
bridges and reflected on improvements. Each child described their design choices and
modifications, while teachers and peers offered feedback on scientific principles, meas-
urement accuracy, and engineering aesthetics. Key challenges and solutions were rec-
orded to inform the next project cycle. This complete inquiry cycle fostered children's
problem-posing awareness, collaboration skills, and interdisciplinary thinking.

5.2. Case Evaluation and Reflection

After the bridge-building project concluded, the research team evaluated its impact
from multiple angles. Teacher observation logs and video analysis showed that 90 percent
of the children displayed high engagement and focus throughout the project. Most stu-
dents proactively suggested structural enhancements and took on specific roles—meas-
uring, recording, or demonstrating—improving both teamwork and communication
skills. Interview data revealed that teachers believed project-based learning significantly
deepened children's understanding of scientific concepts and mathematical measurement.
Many children independently used weights and rulers for precise data recording during
load tests, demonstrating initial data literacy and logical reasoning. Parents reported that
their children continued to build small crafts at home and attempted to explain why cer-
tain designs were more stable, indicating a clear increase in exploratory interest. The eval-
uation also uncovered areas for improvement. The teaching team had not fully mastered
the PBL process, and some open-ended questions were too broad, which hindered design
focus for a few children. Additionally, the time allocated for discussion in Phase 1 and
construction in Phase 2 was somewhat tight, causing operational stress for some children
toward the end. To address these issues, future projects should include targeted training
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for teachers on crafting effective open-ended questions, and pre-project micro-lessons or
demonstrations to familiarize children with materials and tools. Extending hands-on time
and adding a mid-project evaluation checkpoint would allow for timely feedback and ad-
justments. Overall, this case confirms the feasibility and value of project-based learning in
preschool STEM education and offers valuable insights for refining teacher training and
curriculum design.

6. Conclusions and Recommendations

Analysis of the "Drip Exploration” project and the "Little Engineers" bridge-building
case demonstrates that project-based learning effectively integrates science, technology,
engineering, and mathematics to provide authentic, challenging learning contexts for pre-
schoolers. Most children showed strong inquiry interest and concentration, collabora-
tively proposed design optimizations, and applied mathematical tools like weighing and
measuring for data analysis—evidence of emerging interdisciplinary competence and
comprehensive skills. Teachers' guided reflections helped children consolidate design ex-
periences and teamwork strategies, enabling continuous knowledge construction through
hands-on practice and evaluation. Positive feedback from parents and teachers further
confirms project-based learning's role in enhancing curiosity, collaboration, and logical
thinking, thus supporting deeper integration of STEM in early education.

Given challenges in open-ended question design and time management observed
during implementation, we recommend strengthening teacher training in PBL principles
and practicum. Micro-lesson demonstrations, peer observations, and workshops can en-
hance teachers' ability to craft well-scaffolded inquiry questions. Curriculum designers
should incorporate mid-project evaluation stages to provide timely feedback, and extend
construction periods to ensure every child has sufficient time for hands-on experimenta-
tion and discussion. Additionally, developing a diversified, school-based resource repos-
itory —complete with exemplar project plans, material lists, and assessment rubrics —will
enable kindergartens across different regions to adapt projects to their local contexts.
Through these optimizations, project-based STEM education in preschool settings can be
sustainably scaled and deepened, laying a stronger foundation for children's comprehen-
sive skill development.
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the project number: HX]JY2021J015.
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