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ABSTRACT

	Education practicum constitutes a critical component in the professional development of normal university students. It not only facilitates the application of theoretical knowledge acquired in classrooms to authentic teaching practices but also plays a vital role in cultivating students' pedagogical competencies and professional literacy. Project-Based Learning (PjBL), as an inquiry-driven pedagogical approach, emphasizes collaborative problem-solving of real-world challenges through practical task engagement, demonstrating strong practical relevance and interdisciplinary characteristics. These intrinsic attributes of PjBL exhibit high alignment with the core objectives of education practicum. Through systematic analysis of current implementation status and existing challenges in normal university students' education practicum, this study proposes the integration of PjBL methodology as a solution. The research elaborates on the conceptualization, design principles, and structural implementation of PjBL-enhanced education practicum, encompassing four progressive phases: project preparation, practicum simulation, practicum implementation, and post-practicum analysis. Furthermore, guided by SMART-criteria (Specific, Measurable, Achievable, Relevant, Time-bound), the study introduces optimized strategies for driving question design to enhance task orientation and practical focus in education practicum. By adopting authentic problem-driven approaches, the PjBL model not only restructures and enriches practicum content but also significantly improves normal university students' professional qualities and teaching capabilities, fostering the generation of practical wisdom in authentic instructional contexts. The research findings provide substantial practical value for normal universities seeking to optimize the education practicum programs.	Comment by Admim: In the abstract, your methodology and findings are not clear. You need to highlight it to give a clear view of your review outcome. 
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1. INTRODUCTION

In international teacher education literature, the concept of "education practicum" frequently appears as a core component of pre-service teacher training programs. Regardless of terminological variations employed across different educational systems, within diverse international contexts, the majority of pre-service teachers regard education practicum as the most critical element in their professional preparation process (White, 2016).	Comment by Admim: In the Introduction, use quotation marks for using quotation or extracts from external sources for (White, 2016)


Education practicum exerts significant influence on the professional development of normal university students. In Chinese universities, undergraduate normal university students undertake education practicum spanning 3-4 months, representing their most prolonged and direct exposure to frontline positions in basic education. This immersive experience enables them to authentically comprehend workplace demands and professional essence. Moreover, it constitutes a pivotal phase for cultivating practical wisdom, developing professional core competencies, and enhancing vocational capacities. Since the 2016 promulgation of the “Guidelines on Strengthening normal university students' Educational Practice” (Teacher [2016] No. 2) by the Ministry of Education, which outlined nine concrete implementation measures, practical education for normal university students has gained substantial institutional emphasis (Ministry of Education of the People's Republic of China, 2016). Nevertheless, critical observations reveal persistent challenges in education practicum implementation, including oversimplified objectives, individualized mentoring, and superficial evaluation mechanisms, which collectively undermine the program's effectiveness (Yang, 2023).

Project-Based Learning (PjBL) represents a student-centered pedagogical model that creates experiential learning processes and opportunities to cultivate problem-solving awareness, critical thinking, independent learning abilities and teamwork competencies (Buck Institute for Education). The essence of education practicum lies in enabling students to apply knowledge in authentic environments and enhance professional capabilities, emphasizing authenticity and collaborative learning, these principles inherently aligned with PjBL's core tenets. While PjBL has gained increasing attention and application in contemporary educational practice, its implementation within normal university students' education practicum remains scarce and warrants substantive research exploration. This study investigates the integration of PjBL frameworks into normal university students' education practicum, proposing innovative perspectives and methodological approaches to enhance this critical phase of teacher development.

2. Research Status of Domestic and International Perspectives

2.1 Current Research on Education Practicum

Education practicum serves as a mandatory component in normal university student training systems, and plays an irreplaceable role in ensuring the quality of professional preparation. In recent years, to enhance the effectiveness of educational practice, global education systems have transitioned from homogeneous practicum models to implementing diversified approaches that holistically cultivate instructional competencies.

Internationally, education practicum is conceptualized through multiple terminologies: student teaching, teaching practice, teaching practicum, practice teaching, field work, professional experience, internship, teaching round, and clinical practice, each encapsulating nation-specific holistic expectations and epistemological assumptions within pre-service teacher education programs. The core participants in education practicum, referred to “student teachers” in international discourse, denote pre-service teachers enrolled in teacher education programs who engage in collaborative practice with cooperating teachers.

Since 1990, France has established a nationwide teacher education system called “Institut universitaire de formation des maitres” (IUFM), which administers three-tiered education practicum programs with progressive complexity: (1) Orientation practicum, provides student teachers with preliminary understanding of workplace environments, coupled with systematic observation of school operations and instructional scheduling; (2) Responsibility practicum I, engages student teachers in critical analysis of pedagogical practices through structured observation and participation in auxiliary teaching responsibilities; (3) Responsibility practicum II, requires autonomous implementation of instructional delivery and classroom management systems.	Comment by Admim: Use proper citation of sources as it is a part of review of literature  

Singapore established the teacher development philosophy of "Leading, Caring, Inspiring" in 2009. The National Institute of Education (NIE) under Nanyang Technological University developed the Teacher Education Model for the 21st Century (TE21) centered on cultivating educational practical wisdom under this new conceptual guidance. This model constructed a tripartite value paradigm framework (Values3, Skills, Knowledge, V3SK) as the cornerstone of the educational practicum system (Figure 1). With the progression of time, the framework's connotations continue to evolve and expand (NIE Office of Teacher Education).	Comment by Admim: Cite the source for TEACHER EDUCATION ENABLER image and add name of the image under the image.
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Fig. 1. The V3SK framework for Singaporean teacher education (Values3, Skills, Knowledge) (NIE Office of Teacher Education)

The Professional Development School (PDS) in the United States is a teacher education model that integrates pre-service training, in-service professional development, and educational reform through collaborative school-university partnerships. The United Kingdom has developed a school-centered education practicum model, where primary/secondary school teachers and university faculty collaboratively undertake novice teacher preparation, enabling student teachers to bridge the theory-practice divide through situated pedagogical wisdom development. Japanese universities implement a comprehensive practicum system emphasizing holistic training, breaking away from the one-time intensive practicum model. This extended-duration education practicum features systematized and enriched curricula designed to cultivate situated pedagogical wisdom through progressive field experiences.	Comment by Admim: Cite in-text APA citation for Singaporean teacher education

China initiated research on education practicum in the early 1990s, primarily conducted within normal universities. The conceptual framework of education practicum in China encompasses broad and narrow definitions. Broad-sense education practicum refers to "educational and pedagogical activities for senior students in normal universities, including school visits, educational observation, trial teaching, acting as or assisting homeroom teachers, and observing educational administrative operations." This definition integrates educational observation and teaching practice. Narrow-sense education practicum is defined as "a comprehensive practicum in teacher education institutions. Under dual mentorship from university supervisors and school-based mentors, normal university students engage in situated pedagogical wisdom development through: curriculum material analysis, lesson plan design, student profiling, classroom instruction delivery, homework assignment & evaluation, extracurricular tutoring, academic assessment. These activities deepen theoretical comprehension of pedagogy, refine professional awareness, and cultivate affective commitment to students and the teaching profession."

Furthermore, scholars have proposed additional conceptualizations. Liu Fuguo posits that education practicum constitutes "an institutionally designed process through which normal universities purposefully, systematically, and organizationally engage normal university students in educational, instructional, and administrative practices to cultivate professional identity formation and competency development" (Liu, 1993). Zhao Hanzhang and Fu Weili conceptualize it as "a situated apprenticeship wherein normal university students, under dual mentorship from university supervisors and school practitioners, operationalize acquired pedagogical knowledge and skills through direct engagement in school-based educational activities and classroom instruction" (Zhao, & Fu., 1994).

In Chinese academic research on education practicum, scholars predominantly employ the term "normal university students" to denote participants in the practicum process, with significantly less frequent usage of internationally prevalent terms such as "normal university students" or "student teachers". The scholarly discourse primarily converges on five research clusters: Practicum-pedagogy nexus, status quo investigations, institutional modeling, professional becoming, quality assurance systems.

2.2 Research Landscape of Project-based Learning

Project-based Learning (PjBL), translated from the pedagogical concept first articulated by William H. Kilpatrick in 1918 as the "project method", posits that students construct knowledge through purposeful, authentic activities. Originating in U.S. K-12 education reform movements, this instructional approach was initially implemented as innovative learning models for elementary and secondary students. In his seminal work the “project method”, Kilpatrick defined PjBL as "planned, wholehearted engagements occurring within specific social contexts". Subsequent theoretical advancements were contributed by Buck Institute for Education (BIE, operationalized PjBL implementation frameworks), Linda Darling-Hammond (Stanford University, established linkages between PjBL and equitable pedagogy) and Joseph Krajcik (Learning Sciences, developed Next Generation Science Standards-aligned PjBL models) (Krajcik, et al., 1994).

These studies predominantly emphasize five core elements: (1) authentic driving questions, (2) contextualized problem exploration, (3) project-based team learning, (4) strategic utilization of tools and resources, (5) generation of publicly accessible products. The Buck Institute for Education (BIE) provides a definitive elaboration: "Students acquire essential knowledge and skills by investigating and responding to authentic, engaging, and complex problems, topics, or challenges over an extended period. The focus of PjBL lies in achieving student learning goals, encompassing standards-based content mastery alongside competency development in critical thinking, problem-solving, collaboration, and self-regulation."

Dr. Xuemei Xia, a Chinese scholar, defines PjBL from the perspective of learning literacy: "Students engage in sustained and in-depth exploration of discipline-specific or interdisciplinary driving questions over an extended period. By mobilizing all knowledge, competencies, and qualities to creatively solve problems and generate public products, they develop profound understanding of core knowledge and learning processes that enables transfer to novel contexts."

Currently, PjBL has garnered extensive global attention, with numerous scholars conducting theoretical and practical investigations into PjBL. With the widespread implementation of the PjBL model, its profound impact on educational philosophies and classroom instructional models continues to deepen both domestically and internationally. The most significant research engagement and achievements in PjBL predominantly emerge from China's basic education sector, while higher education demonstrates comparatively limited scholarly attention. Particularly, investigations into PjBL applications within education practicum remain particularly scarce, with this research domain currently remaining largely unexplored.

2.3 Research Trends

Synthesizing domestic and international research landscapes, current studies on PjBL predominantly concentrate within K-12 settings of basic education, while its application in higher education remains at a nascent stage. Particularly in higher education contexts, normal university students' education practicum continues to be discussed within traditional frameworks, leaving substantial room for conceptual depth expansion and disciplinary extension that necessitate ongoing critical reflection and sustained practical efforts for enhancement and refinement.

The education practicum period constitutes a recursive critical phase where normal university students formulate expectations, recalibrate them within authentic contexts, and construct new professional identities. As a vital component of teacher education, normal university students' education practicum is designed to facilitate the accumulation of teaching experience and enhancement of pedagogical skills through authentic teaching scenarios. While conventional practicum programs for normal university students provide teaching experience, they overemphasize the training of instructional techniques while neglecting the cultivation of innovative capacities and practical problem-solving abilities. PjBL emphasizes authentic contexts, hands-on practice, active student participation, and collaborative inquiry - characteristics inherently aligned with the authenticity of education practicum environments and the collective deliberation within communities of practice. The integration of PjBL enables a problem-driven approach that fosters normal university students' higher-order cognitive and skill development through practical engagement. Current research on PjBL implementation in education practicum remains limited both domestically and internationally, particularly regarding normal university students' practicum experiences, with scarce documentation of concrete implementation cases and effectiveness studies.

Building upon traditional approaches, we aim to enrich education practicum with new dimensions by synergizing project-based learning with practicum experiences. Through designing contextually authentic driving tasks aligned with teacher education specialties, this integration will guide normal university students in sustained theoretical exploration, practical verification, and the formation of accurate professional cognition and practical wisdom, ultimately investigating the potential of PjBL-enhanced education practicum to improve practicum effectiveness and cultivate future educators.

3. Conceptualization and Design Principles of PjBL-enhanced Education Practicum

3.1 Current Status and Challenges in Normal University Students' Education Practicum	Comment by Admim: put the challenges in short in listed form in bullets to make them easily noticeable. Then discuss serially. Otherwise, this loses the main point of discussion.

With the progressive development of China's education system, normal university students' education practicum programs have garnered increasing attention. Many higher education institutions have established education practicum as a core component in teacher preparation systems. In compliance with regulatory frameworks including the “Teachers Law” and “Administrative Regulations for Normal University Student Education Practicum”, these programs typically occur during students' third or fourth academic year, spanning either one semester or an entire academic year. Beyond conventional classroom teaching, practicum content encompasses multidimensional practices such as class advisor duties, educational research, and extracurricular activity coordination. The primary objective is to facilitate students' transformation of theoretical knowledge into practical competencies while enhancing their operational capabilities in educational instruction.

While normal university students' education practicum programs have seen gradual improvements, persistent issues continue to potentially compromise their effectiveness and quality. For instance, traditional internship models predominantly focus on observation and basic classroom teaching practice, lacking exposure to broader educational contexts such as classroom management and interdisciplinary curriculum design. Normal university students frequently remain observers or mere implementers in instructional activities, typically executing mentor-assigned tasks passively without opportunities for autonomous inquiry, collaborative learning, or problem-solving engagement. Additionally, existing practicum structures often fail to allocate sufficient temporal and spatial resources for normal university students to conduct profound reflection and systematic summarization.

In response to these challenges, the PjBL-enhanced education practicum framework should prioritize stimulating normal university students' initiative, enhancing teamwork and comprehensive competencies, while fostering their holistic understanding of educational practice's complexity and diversity.

3.2 Conceptualization of PjBL-enhanced Education Practicum	Comment by Admim: Do not add section numbers to the section heads.

PjBL is a student-centered instructional approach that facilitates learning through solving authentic problems. Within the PjBL framework, students engage in concrete projects or tasks involving self-directed exploration, collaboration, and reflection to achieve deep understanding and practical application of knowledge. By confronting specific projects or tasks, students not only develop knowledge application skills but also cultivate essential competencies including teamwork, problem-solving, and critical thinking abilities aligned with OECD 2030 skill frameworks (The Organisation for Economic Co-operation and Development).

PjBL-enhanced education practicum integrates project-based learning concepts into normal university students' teaching internships. It involves designing educational practice activities closely aligned with actual teaching tasks, aiming to help students convert theoretical knowledge into practical skills within authentic teaching contexts. Through continuous reflection and improvement during implementation, this approach cultivates comprehensive competencies, particularly problem-solving skills, innovative capabilities, and teamwork abilities.

3.3 Design Principles of PjBL-enhanced Education Practicum	Comment by Admim: cite the source from where you traced it originally.
	Comment by Admim: 

3.3.1 Student-centered principle

In PjBL-enhanced education practicum, students are the central agents of learning. Internship task design should align with normal university students' interests, needs, and individual differences, ensuring each student finds personal value and meaning in their assignments. Flexible and open-ended task structures aim to stimulate learning engagement and motivation, encouraging self-directed inquiry, innovation, and reflective practice. For instance, normal university students majoring in science education might design exploratory learning activities for scientific concepts, while English education majors could develop task-based oral English lessons. These tasks maintain core commonalities while allowing discipline-specific customization.

3.3.2 Contextualization and practicality principle

PjBL emphasizes authentic learning contexts. In normal university students' education practicum, task design should closely replicate real educational scenarios, including simulated teaching environments, student interactions, and classroom management. This ensures students encounter practical teaching challenges, engage in authentic learning practices, and apply pedagogical theories to solve problems. For instance, assigning normal university students the role of "class manager" in a secondary school. Interns are required to design and implement a classroom management plan through communication with students, parents, and mentor teachers during the practicum period. Throughout this process, students must apply educational psychology and classroom management theories while addressing practical issues such as student discipline, learning motivation, and classroom atmosphere.

3.3.3 Interdisciplinary integration principle

PjBL emphasizes the integration and application of interdisciplinary knowledge. In the education practicum tasks of normal university students, it requires not only the application of theoretical knowledge such as pedagogy and psychology, but also interdisciplinary knowledge integration based on subject characteristics and practical contexts. Through this integration, normal university students can enhance their comprehensive teaching abilities and improve interdisciplinary problem-solving skills. For example, combining science and art to design a "Science and Model Art" course. Through such interdisciplinary task design, students can integrate artistic elements into science teaching while cultivating creativity through innovative teaching methods, enabling them to understand scientific concepts.

3.3.4 Collaboration and team learning principle

The PjBL-enhanced education practicum emphasizes teamwork and collaborative learning. Each education practicum group functions as a project team, addressing educational challenges through collective intelligence. Through this process, normal university students enhance their collaborative skills, communication competence, and organizational capabilities, thereby improving their overall professional qualities. Team members specialize according to their expertise, with divisions of labor such as lesson plan design, preparation of teaching aids, classroom management, and assessment tasks. The entire team collaborates closely under shared objectives to complete the full cycle of teaching preparation, classroom implementation, and post-lesson reflection.

3.3.5 Reflection and evaluation principle

In PjBL-enhanced education practicum, reflection and evaluation constitute critical components for fostering the growth of normal university students. Through timely self-reflection, peer assessment, and mentor feedback, normal university students can continuously summarize experiences, identify issues, and implement improvements. Evaluations during the instructional process extend beyond mere assessment of teaching outcomes to encompass comprehensive appraisals of teaching procedures, collaborative dynamics, problem-solving capabilities, and other relevant dimensions. For instance, at the conclusion of the practicum period, normal university students are required to submit comprehensive teaching reflection reports that critically analyze their instructional processes and outcomes, accompanied by reciprocal peer evaluations.

4. Structural implementation of PjBL-enhanced Education Practicum

The education practicum is structured into four task phases: project preparation, practicum simulation, practicum implementation, and post-practicum analysis, ensuring each phase fully leverages PjBL's strengths to facilitate normal university students' effective integration of theoretical learning and practical application. The construction of the PjBL-enhanced education practicum framework should emphasize the synthesis of theory and practice, highlight the authenticity and challenging nature of task scenarios, foster normal university students' self-directed learning and collaborative teamwork, while systematically providing opportunities for reflection and feedback.

4.1 Project Preparation Phase

Prior to the practicum, normal university students may engage in collaborative discussions with supervising instructors to clarify project themes and formulate driving questions that stimulate critical inquiry and investigation. These questions should be sufficiently open-ended to allow exploratory space, avoiding single predictable solutions. For instance, practical needs and authentic pedagogical challenges encountered during education practicum may inform the selection of driving questions such as: "How to design an interactive science lesson?" "How to enhance middle school students' classroom engagement?" "How to adjust instructional strategies based on learners' profiles?" "How to improve science class participation through differentiated questioning?" Alternatively, subject-specific inquiries like "How to design experiments for teaching light refraction and reflection concepts?" "How to reduce campus energy consumption by 15% through scientific inquiry and engineering practices?" "How to validate water conservation measures through scientific experimentation?" "How to mitigate daily pollution through scientific approaches and contribute to sustainable development?" may be developed.

4.2 Practicum Simulation Phase

Under the guidance of instructors, normal university students conduct simulated classroom teaching to rehearse their instructional designs. Team members assume differentiated roles including teacher, student, observer, and other pedagogical positions. Throughout the simulation process, normal university students practice classroom management techniques and teacher-student interaction strategies, cultivating competencies in addressing emergent instructional challenges. Following each simulated teaching session, team members conduct peer evaluations, offering constructive feedback to collectively enhance instructional design iterations.

4.3 Practicum Implementation Phase

Normal university students engage in actual teaching practicum within school settings, implementing pre-designed lesson plans through authentic classroom teaching practice to test and refine their instructional designs. Through classroom interactions and student feedback mechanisms, they promptly assess learners' academic progress to inform subsequent instructional improvements. Supervising instructors should conduct real-time observation and provide guidance during teaching processes, assisting normal university students in flexibly adjusting pedagogical strategies and resolving challenges encountered in authentic teaching situations.

4.4 Post-practicum Analysis Phase

Each project group conducts comprehensive summaries of their initiatives, systematically reviewing successful practices and identified limitations throughout the education practicum process, and compiling detailed practicum reports. Normal university students undertake individual reflections to critically assess challenges encountered, pedagogical skills acquired, and potential areas for professional growth during the practicum implementation. Concurrently, each group formally presents their instructional outcomes, sharing experiential insights regarding lesson design processes and implementation strategies, while receiving structured evaluations and feedback from peers and supervising instructors.

[bookmark: _Hlk190619363]Beyond the above mentioned, when designing PjBL-enhanced education practicum, instructors must provide normal university students with essential academic support and resources, including pedagogical theory materials, instructional design templates, demonstration videos of teaching practices, teaching tools with technical support, and classroom management protocols. Concurrently, instructors should deliver regular guidance and constructive feedback to assist students in overcoming implementation challenges.

Furthermore, explicit reflective and evaluation mechanisms must be established throughout PjBL-enhanced education practicum. Normal university students are required to conduct systematic self-reflection, critically analyzing encountered obstacles and deficiencies during project implementation while proposing improvement strategies. The integration of peer evaluations and mentor assessments enables timely identification of issues and pedagogical adjustments. Evaluation criteria should extend beyond final project outcomes to comprehensively assess instructional design quality, implementation effectiveness, team collaboration dynamics, and problem-solving proficiency.

[bookmark: _Hlk190622288]5. Project Themes and Driving Questions in PjBL-enhanced Education Practicum

5.1 Selection of Project Themes

Implementing PjBL within science education normal university students' education practicum allows selection of the following meaningful project themes, which facilitate the enhancement of teaching skills and development of problem-solving competencies in authentic educational contexts.

(1) Theme 1: Designing and implementing an experiment-based science lesson

This project theme aims to assist normal university students in mastering experiment-based instructional methods to stimulate student engagement and enhance conceptual understanding of scientific principles through curriculum design. Normal university students are required to design experimental procedures, organize classroom activities, and assess learners' laboratory skills and conceptual comprehension.

Through designing and implementing science experiment curricula, normal university students develop enhanced classroom management skills and instructional design capabilities; by analyzing learning outcomes, they gain insights into adapting teaching methodologies based on student feedback; through acquiring hands-on experiment-based teaching experience, they strengthen competencies in utilizing experiments as pedagogical tools.

(2) Theme 2: Developing an interdisciplinary science project

Within this project theme, normal university students are required to integrate scientific disciplines with other subject areas (e.g., mathematics, arts, sociology) to design an interdisciplinary educational initiative.

Through designing and implementing interdisciplinary science projects, normal university students enhance interdisciplinary thinking capacities, broaden pedagogical perspectives, acquire competencies in knowledge integration across disciplines, and increase classroom interactivity and engagement levels. Through this interdisciplinary learning approach, middle school students can synthesize knowledge from multiple disciplines while addressing authentic problems, thereby developing critical thinking capacities and creative competencies.

(3) Theme 3: Planning and implementation of science popularization activities

This project theme requires normal university students to design and execute a science popularization initiative aimed at conveying scientific knowledge to students in vivid and engaging ways. Normal university students must devise strategies to attract student participation through interactive activities while evaluating the effectiveness of these initiatives in enhancing learners' scientific literacy.

By developing science popularization programs, normal university students enhance their ability to integrate practical activities into teaching, master interactive and experiential learning approaches to boost middle school students' scientific interest and learning motivation. Post-activity feedback and evaluations enable normal university students to refine instructional methods while strengthening confidence in public speaking and interactive communication.

(4) Theme 4: Science problem solving and critical thinking development

This project theme aims to cultivate middle school students' critical thinking and problem-solving abilities through scientific problem-solving processes. Normal university students must guide middle school students in resolving authentic scientific problems through experiments, research, or team collaboration, while encouraging innovative solution proposals.

Normal university students acquire the ability to design and organize problem-solving tasks by facilitating middle school students' engagement with practical issues. Middle school students apply acquired knowledge in authentic scientific problem scenarios, developing innovative thinking capabilities and practical problem-solving competencies.

(5) Theme 5: Innovation and localization of science instructional materials

Within this project theme, normal university students are required to adapt existing science curriculum content through innovative redesign and localization strategies based on local students' interests, cultural contexts, and practical needs, making teaching materials more relevant to middle school students' daily lives and enhancing instructional appeal and practicality.

Through material innovation and localization processes, normal university students develop competencies in modifying instructional content according to middle school students' characteristics and cultural backgrounds. Localized material design enables normal university students to improve classroom teaching adaptability and instructional effectiveness. Concurrently, middle school students establish stronger connections between scientific knowledge and real-life applications, thereby enhancing learning interest and academic outcomes.

(6) Theme 6: Establishing green schools or environmental projects

This project theme involves normal university students integrating environmental awareness into teaching practice through the design and implementation of green school initiatives or environmental protection programs.

By developing and executing environmental projects, normal university students master project-based learning approaches that help students better comprehend the relationship between scientific knowledge and social responsibility, while strengthening their ability to cultivate student responsibility through education. Simultaneously, middle school students enhance environmental consciousness and scientific inquiry capabilities through hands-on participation in ecological preservation activities.

5.2 Formulation of Driving Questions under SMART-Criteria

5.2.1 SMART-criteria

When structuring PjBL-enhanced education practicum programs, driving questions should serve as core inquiries that guide students through project-based learning. SMART-criteria facilitates the establishment of well-defined task objectives, enabling students to conduct targeted exploration and learning. SMART represents a widely adopted goal-setting framework comprising five key criteria:

(1) Specific. Driving questions must be precisely focused on concrete phenomena or needs in science education, avoiding vague formulations. For example, "How to design a replicable school waste sorting science education program?" This driving question explicitly targets waste sorting education strategies, integrating multidisciplinary knowledge from chemistry, biology, and engineering.

(2) Measurable. Solutions to driving questions require quantifiable or qualitative evaluation metrics to track progress. For instance, "How to scientifically demonstrate the ecological impact of local water pollution and design interventions to reduce ammonia nitrogen levels by 30% in water samples?" This question specifies measurable objectives (30% reduction) assessable through experimental data comparison.

(3) Achievable. Driving questions should align with normal university students' knowledge base and resource availability, avoiding excessive complexity. Example: "How to design simple water purification devices using low-cost materials (e.g., plastic bottles, filter paper) and verify their effectiveness?" This question integrates environmental themes in science education with achievable experimental objectives through accessible materials.

(4) Relevant. Driving questions must be closely connected to science curriculum standards, authentic educational needs, or societal priorities. Example: "How to develop middle school low-carbon lifestyle practice courses aligned with Dual Carbon goals and improve student participation rates in energy-saving behaviors?" This question enhances project relevance by integrating national strategies with science education objectives.

(5) Time-bound. Driving questions require clear timelines to ensure project efficiency. Example: "How to complete 'Campus Plant Diversity Investigation and Conservation Plan Design' within 6 weeks and produce an exhibitable science manual?" This temporal constraint aligns with education practicum durations (typically 10-12 weeks), enabling phased completion of research, experiments, and deliverables.

5.2.2 Application examples of driving question formulation using SMART-criteria

The SMART-criteria framework serves as a valuable tool for formulating "driving questions". Its application ensures greater focus and implementability in PjBL design. Below demonstrates the practical application of SMART-criteria to a driving question:

The driving question is: "How to design scientific experiments that enable middle school students to comprehend and master light refraction and reflection phenomena?"

This question stimulates normal university students' inquiry into scientific concepts while establishing concrete task objectives. Building upon this driving question, we can apply SMART-criteria to formulate specific practicum objectives.

(1) S (Specific) criterion objective: Design and demonstrate a physics experiment that enables middle school students to comprehend light refraction and reflection. This objective clearly specifies the type of experiment normal university students need to develop and articulates its purpose (helping middle school students understand optical concepts).

(2) M (Measurable) criterion objective: The experiments designed by normal university students should be classroom-demonstrable, incorporate at least three distinct experimental procedures, and allow measurement of learning outcomes through assessing middle school students' understanding of experimental phenomena. Measurable indicators may include post-demonstration feedback or comprehension evaluations.

(3) A (Achievable) criterion objective: Over four weeks, normal university students will progressively refine experimental designs through three instructional demonstrations, ensuring feasibility and effectiveness in helping middle school students grasp optical concepts. This objective accounts for students' actual capabilities and schedules to guarantee task completion.

(4) R (Relevant) criterion objective: By designing light refraction and reflection experiments, normal university students will not only master fundamental physics principles but also apply them in teaching practice, enhancing pedagogical competencies as future science educators. This objective directly connects with students' professional development, bridging theoretical knowledge with practical instruction.

(5) T (Time-bound) criterion objective: During the four-week education practicum, normal university students must complete experimental design in Week 1, conduct initial demonstrations in Week 2, collect feedback and refine experiments in Week 3, and deliver final presentations in Week 4. The explicit timeframe ensures timely task completion.

In conclusion, applying SMART-criteria to establish clear objectives and formulate driving questions when designing PjBL-enhanced education practicum programs enables full engagement of normal university students in project-based learning. This approach facilitates their progression from design to implementation, thereby enhancing comprehension and mastery of core scientific education content and pedagogical methods.

6. Impact of Integrating PjBL on Education Practicum Effectiveness for Normal University Students

PjBL effectively enhances normal university students' professional competencies and teaching capabilities through its emphasis on practical orientation, problem-solving, and teamwork, while fostering the generation of practical wisdom.

6.1 Impact on Professional Competencies of Normal University Students

6.1.1 Deepening understanding and application of professional knowledge

PjBL compels normal university students to intensively apply acquired professional knowledge, particularly theoretical frameworks in pedagogy, psychology, and subject-specific teaching methodologies, during authentic problem-solving processes. Through investigating and resolving real-world issues, students not only consolidate theoretical knowledge but also enhance application capabilities by bridging theory with practical educational contexts.

Furthermore, at the practical level, normal university students frequently encounter concrete challenges in instructional design, classroom management, and student interaction during PjBL-enhanced education practicum. Addressing these issues requires continuous literature review, collaborative discussions, and reflective practice. This integration of practical operations and knowledge application facilitates the construction of sophisticated knowledge frameworks and elevates comprehensive competencies.

6.1.2 Cultivating critical thinking and reflective capacities

PjBL emphasizes continuous reflection throughout project implementation, which facilitates the development of critical thinking patterns among normal university students. Through persistent reflection on instructional design, implementation processes, and student feedback, students can identify pedagogical issues and deficiencies, thereby formulating improvement strategies. This cultivation of critical thinking enables ongoing adjustment of teaching methods during practice, enhancing professional competencies.

Moreover, at the practical level, normal university students' reflective analysis of their teaching practices within PjBL-enhanced education practicum reveals discrepancies between theoretical knowledge and practical application. This awareness enables flexible adoption of new theories and methods in subsequent teaching activities. Such reflective-adjustment mechanisms facilitate experiential accumulation in real-world contexts, progressively shaping scientific and rational pedagogical philosophies alongside professional growth.

6.1.3 Strengthening educational ethics awareness and responsibility

PjBL not only requires normal university students to resolve practical teaching challenges but also emphasizes social responsibilities and ethical considerations in education. During education practicum engagement, students must contemplate how to address diverse student needs and resolve potential ethical conflicts in classroom settings. This ethical reflection fosters the cultivation of professional responsibility and ethics, enhancing their profound respect and commitment to educational endeavors.

Furthermore, within PjBL-enhanced education practicum, normal university students engage in collaborative discussions to explore strategies for better understanding and respecting individual student differences, as well as methods to promote holistic development through effective instruction. These practical activities cultivate pedagogical ethics awareness and translate such consciousness into concrete teaching practices.

6.2 Impact on Teaching Capabilities of Normal University Students

6.2.1 Enhancing instructional design and implementation competence

PjBL requires normal university students to design and implement concrete instructional activities, particularly when addressing authentic educational challenges where they must apply acquired instructional design principles. Through the task-driven nature of PjBL, students engage in thorough analysis of educational objectives, learner characteristics, and curriculum content, while developing and executing practical instructional plans that meet real-world demands.

Furthermore, within PjBL-enhanced education practicum, normal university students undertake iterative cycles of instructional design and implementation. Each design iteration and classroom execution compels them to consolidate experiential knowledge, identify deficiencies, and make targeted adjustments. This process leads to continuous improvement in pedagogical design proficiency and classroom management skills, ultimately cultivating precise instructional implementation capabilities.

6.2.2 Promoting teaching reflection and self-improvement

The reflective component in PjBL provides normal university students with opportunities for in-depth examination and self-assessment of teaching processes. Particularly during the "educational research" phase, students systematically summarize project implementation, critically reflect on their pedagogical strengths and weaknesses, identify issues, and develop improvement strategies. Sustained reflection facilitates continuous refinement of instructional designs, optimization of teaching methodologies, and enhancement of educational quality.

Moreover, within PjBL-enhanced education practicum, normal university students enhance teaching strategies through cyclical reflection on student responses, curricular adjustments, and classroom interactions during each phase of feedback loops. This structured mechanism enables practical wisdom accumulation through experiential learning, fostering continuous methodological adaptation that ultimately elevates instructional effectiveness.

6.2.3 Developing classroom management and organizational skills

PjBL extends beyond pedagogical content and design to necessitate normal university students' acquisition of classroom management and organizational competencies. During authentic education practicum experiences, students must manage and regulate classroom order, mediate student interactions and conflicts, while ensuring smooth progression of instructional activities. Through collaborative group work and task-driven approaches, PjBL enables students to refine these administrative skills within team settings, thereby strengthening classroom organizational capabilities.

Furthermore, within PjBL-enhanced education practicum project implementation, normal university students frequently undertake the organization of group discussions and classroom activities, which demands proficient classroom management techniques and organizational aptitude. Through practical orchestration and administration of instructional activities, students enhance their classroom regulation capabilities, guaranteeing effective execution of teaching processes.

6.2.4 Strengthening communication and collaboration competence

PjBL emphasizes group collaboration and collective discussions, imposing heightened demands on normal university students' communication skills and team collaboration abilities. Through interactive engagement with peers and instructors, students not only share pedagogical experiences but also gain exposure to diverse teaching philosophies and methodologies, thereby fostering diversified development of instructional competencies.

Furthermore, within PjBL-enhanced education practicum implementation, normal university students must not only collaborate with peers but also actively interact and communicate with junior high school students in authentic classroom settings. This multi-tiered training in communicative and collaborative competencies equips them to better adapt to future teaching responsibilities while enhancing communication efficiency with students, parents, and colleagues.

6.3 Impact on Practical Wisdom Generation

Practical wisdom, originating from Aristotelian philosophy, denotes the capacity to integrate knowledge, experience, and ethical judgment in real-world contexts for making rational decisions and implementing appropriate actions. In educational contexts, this manifests as teachers' ability to flexibly address classroom challenges, optimize instructional strategies, and enhance pedagogical outcomes within complex and dynamic teaching environments.

6.3.1 Enhancing problem-solving capabilities

PjBL's emphasis on authentic problem-based learning cultivates normal university students' capacity for rapid analysis, judgment, and problem resolution when confronting complex educational scenarios. Through iterative project implementation, students accumulate substantial practical experience, enabling them to make more effective pedagogical decisions and demonstrate heightened levels of practical wisdom in future teaching practice.

Furthermore, within PjBL-enhanced education practicum, normal university students persistently encounter novel challenges through tasks involving junior high school student interaction, classroom management, and instructional design. This process facilitates the gradual formation of systematic strategies and methods for addressing educational issues. These cultivated approaches will ultimately transform into practical wisdom, equipping them to make swift and precise decisions in authentic teaching contexts.

6.3.2 Developing adaptability and elexibility

PjBL requires normal university students to flexibly adapt teaching methodologies and strategies according to project requirements, thereby cultivating their responsiveness to dynamic changes. Students must continuously adjust instructional approaches based on real-time monitoring of learning progress, classroom climate, and pedagogical outcomes, demonstrating high-level adaptability.

Furthermore, during education practicum implementation, normal university students frequently need to modify teaching methods in response to student feedback and classroom dynamics. The task-driven framework of PjBL-enhanced education practicum fosters adaptability development within evolving instructional contexts, enabling them to make rapid and accurate judgments when confronting diverse educational scenarios.

In conclusion, PjBL significantly enhances normal university students' professional competence and teaching capabilities through multifaceted approaches including task orientation, problem-solving, and collaborative learning. Continuous practice and reflective processes not only strengthen foundational skills in instructional design, classroom management, and reflective practice, but also cultivate innovative thinking, communication coordination, and complex problem-solving abilities, thereby facilitating the generation of Practical Wisdom. This pedagogical approach equips students to effectively navigate future teaching challenges, evolving into educators with advanced instructional expertise and educational acumen.
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7.1 Conclusions

This study investigates the application of Project-Based Learning (PjBL) in normal university students' education practicum, aiming to explore innovative learning models for enhancing practicum effectiveness. Through systematic analysis of domestic and international research literature, we first identified current implementation status and existing challenges in conventional education practicum programs. Subsequently, a PjBL-enhanced education practicum framework was developed and its impact on students' professional development was examined. The research demonstrates that the PjBL model significantly improves normal university students' professional competence, pedagogical capabilities, and practical wisdom, thereby driving reform and innovation in teacher education practicum. The principal findings are outlined as follows:

(1) The design of project themes and driving questions constitutes the core of PjBL-enhanced education practicum. Under the PjBL framework, the selection of project themes and driving questions plays a pivotal role. Well-defined, specific, relevant, and time-bound driving questions enable students to conduct in-depth inquiry, ensuring clarity of learning objectives while enhancing engagement in teaching tasks and problem-solving initiative.

(2) Driving questions developed under the SMART-Criteria (Specific, Measurable, Achievable, Relevant, Time-bound) significantly optimize the implementation efficacy of PjBL-enhanced education practicum. Such systematically formulated questions effectively align with instructional objectives, strengthen task orientation, and improve the precision and effectiveness of education practicum.

(3) PjBL-enhanced education practicum effectively elevates normal university students' professional competence. Traditional practicum models frequently suffer from disconnection between theory and practice, monotonous content delivery, and insufficient reflective practice. By employing authentic teaching tasks as drivers, the PjBL model engages students in active learning and exploration within real-world instructional contexts, resulting in comprehensive improvement in pedagogical knowledge, educational philosophy, and classroom organization. Furthermore, collaborative group work, task allocation, and interdisciplinary integration cultivate teamwork skills and enhance holistic educational literacy.

(4) PjBL-enhanced education practicum substantially improves normal university students' teaching capabilities. The model's emphasis on "learning by doing and doing while learning" requires students to systematically engage in instructional design, classroom implementation, teaching evaluation, and reflective adjustment throughout project preparation, practicum simulation, teaching implementation, and post-practicum analysis. This practice-driven approach not only strengthens instructional design proficiency but also develops classroom organization and management skills. Concurrently, the PjBL framework encourages diversified teaching strategies to increase student engagement and facilitate effective pedagogy.

(5) PjBL-enhanced education practicum fosters the generation of practical wisdom among normal university students. As a critical competency for making sound pedagogical decisions in complex educational contexts, practical wisdom is cultivated through authentic problem exploration, simulated teaching scenarios, and peer/mentor feedback mechanisms within the PjBL framework. This iterative process of trial-error-adjustment enables students to accumulate practical experience while enhancing analytical and problem-solving capabilities. Particularly in addressing classroom contingencies, implementing differentiated instruction, and adjusting teaching strategies, the PjBL model facilitates the development of adaptive teaching intelligence, ultimately improving instructional autonomy and situational adaptability.
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While the PjBL model demonstrates significant advantages in normal university students' education practicum, several challenges persist. These include high resource demands for PjBL implementation, variability in students' self-directed learning capabilities, and the need for optimized assessment systems. Future research should prioritize the following directions:

(1) Refine implementation strategies of the PjBL model in education practicum by integrating digital technologies (e.g., micro-lectures, AI-powered teaching assistance systems) to strengthen normal university students' autonomous learning capacities, thereby improving the adaptability and scalability of PjBL-enhanced education practicum.

(2) Establish a scientific evaluation framework for PjBL-enhanced education practicum that synergizes formative assessment and summative assessment, enhancing the precision and feasibility of PjBL implementation in teacher education programs.

(3) Expand the applicability of the PjBL model across diverse academic disciplines and educational stages, particularly exploring its implementation in early childhood education, primary education, secondary education, and special education practicum, thereby advancing the innovation and development of education practicum models.
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