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Abstract 

The decade from 2000 to 2010 represents a transformative period in the evolution of 

secondary education pedagogy, marked by the systematic application of Problem-Based 

Learning (PBL), Project-Based Learning (PjBL), Inquiry Training, and Guided Discovery 

Learning to develop critical thinking and problem-solving skills among adolescent learners. 

This paper provides a comprehensive historical analysis of innovative pedagogical practices 

and their documented impact on higher-order cognitive development during this critical 

decade. The period began with the foundational articulation of PBL principles moving from 

medical education into secondary settings, gained momentum through the early 2000s with 

empirical validation studies, and culminated in the widespread adoption of technology-

supported active learning approaches by 2010. The research methodology employed is a 

historiographical and systematic review approach examining: (i) theoretical frameworks 

established during this period; (ii) empirical studies documenting pedagogical effectiveness; 

and (iii) implementation challenges and institutional barriers. Strong points of innovative 

pedagogies as documented during this era include: significantly enhanced critical thinking 

abilities through inquiry-based and guided discovery approaches, improved problem-solving 

competencies through authentic real-world challenges, increased student engagement and 

motivation, and the development of collaborative learning skills essential for 21st-century 

careers. Weak points equally documented include: persistent teacher resistance and 

inadequate professional development, curricular misalignment with test-driven educational 

systems, limited technological infrastructure, implementation fidelity challenges, and 

difficulties in assessing higher-order thinking outcomes within traditional evaluation 

frameworks. Current trends emerging from this foundational period established the 

groundwork for: technology-supported PBL integration, collaborative teacher models for 

project-based implementation, web-based learning environments, and STEM-focused 

pedagogical innovations. The history section traces the decade's developments across three 
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phases: 2000–2004 (foundational theory and early implementation), 2005–2007 (empirical 

validation), and 2008–2010 (consolidation and technology integration). Discussion 

synthesizes the evidence base on implementation success factors including administrative 

support, teacher training, institutional investment, and flexible curricula. Results demonstrate 

that PBL, PjBL, inquiry training, and guided discovery learning produce statistically 

significant improvements in critical thinking compared to conventional instruction. 

Conclusion affirms that the 2000-2010 period was foundational in establishing innovative 

pedagogical practices as evidence-based approaches for developing higher-order thinking. 

Recommendations include: systematic teacher professional development in active learning 

pedagogies, institutional investment in technology infrastructure, curriculum reform 

accommodating authentic learning, collaborative teaching models, and robust empirical 

research designs. Future scope includes the evolution of flipped learning models, AI-driven 

adaptive learning, technology-enhanced PBL, and policy evaluations for competency-based 

education. 

Keywords:  

Innovative pedagogy, Problem-Based Learning, Project-Based Learning, critical thinking, 

problem-solving skills, secondary education, inquiry training, guided discovery learning, 

2000-2010. 

 

2. Introduction 

The period between January 2000 and December 2010 represents a pivotal decade in the 

evolution of secondary education pedagogy, characterized by a fundamental shift from 

teacher-centered transmission models toward student-centered active learning approaches 

designed to cultivate higher-order thinking skills. As the twenty-first century dawned, 

educators and researchers increasingly recognized that traditional instructional methods—

relying on passive lectures, rote memorization, and algorithmic problem-solving—were 

inadequate for preparing students to navigate an increasingly complex, information-rich, and 

rapidly changing world . 

The imperative to develop critical thinking and problem-solving competencies among 

secondary school students gained urgency during this period, driven by several converging 

factors. The rise of the knowledge economy demanded workers capable of analysis, synthesis, 

evaluation, and creative problem-solving rather than mere information reproduction. The 

rapid proliferation of information technology meant that students required skills in accessing, 

evaluating, and applying information rather than memorizing content. Educational research 
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increasingly demonstrated that deep, lasting learning occurs when students actively engage 

with authentic, meaningful problems rather than passively receive information . 

This decade witnessed the systematic application of several innovative pedagogical 

approaches to secondary education, including Problem-Based Learning (PBL), Project-Based 

Learning (PjBL), Inquiry Training, Guided Discovery Learning, and technology-enhanced 

active learning. PBL, which originated in medical education at McMaster University in the 

1970s, was adapted to secondary settings during this period, engaging students in solving ill-

structured, real-world problems through collaborative inquiry and self-directed learning . 

Project-Based Learning, rooted in constructivist theory and John Dewey's progressive 

education philosophy, required students to engage in extended investigations of authentic 

topics, producing tangible outcomes while developing critical thinking, collaboration, and 

communication skills . Inquiry Training and Guided Discovery Learning, drawing on the 

work of Richard Suchman and Jerome Bruner, provided structured approaches for developing 

scientific reasoning and hypothesis testing abilities . 

This paper provides a comprehensive historical analysis of innovative pedagogical practices 

and their documented impact on critical thinking and problem-solving skills among secondary 

school students during the period 2000-2010. By examining the theoretical foundations, 

empirical evidence, implementation challenges, and emerging trends of this foundational 

decade, it offers both a rigorous academic analysis and a historical framework for 

understanding contemporary pedagogical innovation. 

 

3. Definitions 

Term Definition 

Problem-Based 

Learning (PBL) 

A student-centered educational approach that engages learners in 

solving authentic, ill-structured real-world problems through 

collaborative inquiry, self-directed learning, and facilitated 

guidance, promoting critical thinking and problem-solving skills . 

Project-Based 

Learning (PjBL) 

An instructional approach where students work collaboratively on 

extended investigations of authentic topics, producing tangible 

outcomes while developing critical thinking, creativity, 

collaboration, and communication skills . 
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Term Definition 

Inquiry Training 

Model 

A structured pedagogical approach based on Richard Suchman's 

work that develops scientific reasoning and critical thinking by 

engaging students in investigating phenomena, formulating 

hypotheses, and testing explanations through guided inquiry . 

Guided Discovery 

Learning 

An instructional approach, grounded in Jerome Bruner's 

constructivist theory, where students actively explore and discover 

concepts and relationships with structured teacher guidance, 

promoting critical thinking and conceptual understanding . 

Critical Thinking 

Reflective, reasonable thinking focused on deciding what to 

believe or do; the ability to analyze, evaluate, synthesize, and 

apply information to make reasoned judgments; involves both 

cognitive skills and dispositional attitudes . 

Problem-Solving 

Skills 

The cognitive capacity to understand problems, identify relevant 

information, develop solution strategies, implement approaches, 

and evaluate outcomes; involves analytical reasoning, strategic 

thinking, creativity, and metacognitive regulation . 

Ill-Structured 

Problems 

Real-world problems possessing multiple solutions, solution 

paths, no definite answer, and uncertainty about which concepts, 

rules, and principles are necessary for solution; central to PBL 

approaches . 

Constructivism 

A learning theory positing that learners actively construct 

knowledge through experience, reflection, and social interaction; 

provides the theoretical foundation for PBL and project-based 

learning . 

Zone of Proximal 

Development (ZPD) 

Vygotsky's concept describing the gap between what a learner can 

do independently and what they can achieve with appropriate 

guidance; PBL scaffolds learning within this zone . 
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Term Definition 

Team-Teaching 

A collaborative instructional model where two or more teachers 

share teaching expertise in the classroom, facilitating project-

based and technology-supported learning . 

 

4. Need for Innovative Pedagogical Practices (2000-2010 Context) 

1. The Knowledge Economy Imperative: The shift from industrial to knowledge-based 

economies demanded workers with critical thinking, problem-solving, and analytical 

capabilities rather than routine information processing skills . 

2. Limitations of Traditional Instruction: Conventional teacher-centered approaches, 

emphasizing passive reception of information and rote memorization, were 

increasingly recognized as inadequate for developing higher-order thinking 

competencies . 

3. The Science Learning Challenge: Secondary students persistently questioned the 

relevance of science learning ("Why do we have to learn this?"), reflecting 

disengagement and lack of connection to real-world applications . Problem-solving 

approaches offered a means to demonstrate relevance. 

4. Constructivist Theory Validation: Educational research increasingly supported 

constructivist principles—that deep, lasting learning occurs when students actively 

construct knowledge through authentic experiences, inquiry, and social interaction . 

5. Real-World Problem Complexity: Contemporary challenges—environmental, 

technological, and social—demanded thinkers capable of analyzing complex, ill-

structured problems with multiple perspectives and no single correct solution . 

6. Technological Transformation: The proliferation of information technology required 

students to develop skills in accessing, evaluating, synthesizing, and applying 

information, aligning with PBL and project-based approaches . 

7. Student Engagement Crisis: Evidence of student disengagement, absenteeism, and 

lack of motivation in traditional classrooms called for innovative approaches that 

increased relevance, autonomy, and active participation . 

8. 21st-Century Skill Requirements: Growing recognition that students needed 

collaboration, communication, and lifelong learning skills beyond subject content 

knowledge . 
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9. Inquiry and Discovery Evidence: Research demonstrated that inquiry-based and 

guided discovery approaches held significant potential for developing critical thinking 

in students . 

10. Global Educational Reform: International standards and curriculum frameworks 

increasingly emphasized higher-order thinking outcomes, driving pedagogical 

innovation . 

 

5. Aims 

The primary aim of this research is to provide a comprehensive historical analysis of 

innovative pedagogical practices and their documented impact on critical thinking and 

problem-solving skills among secondary school students during the period January 2000 to 

December 2010, examining theoretical foundations, empirical evidence, implementation 

challenges, and emerging trends. 

6. Objectives 

1. To examine the foundational theoretical frameworks (PBL, PjBL, Inquiry Training, 

Guided Discovery Learning) articulated and applied during the 2000-2010 period. 

2. To analyze the empirical evidence base documenting the impact of innovative 

pedagogies on critical thinking and problem-solving skills. 

3. To identify and evaluate the documented strong points and benefits of these 

approaches for secondary students. 

4. To critically assess the weaknesses, limitations, and implementation barriers 

documented during this period. 

5. To examine the role of technology in supporting innovative pedagogical practices. 

6. To trace the historical development and evolution of these approaches across the 

decade. 

7. To analyze implementation challenges in test-driven educational systems. 

 

7. Hypothesis 

H₀: Innovative pedagogical practices (PBL, project-based learning, inquiry training, guided 

discovery learning) during the period 2000-2010 did not produce consistently documented 

improvements in critical thinking and problem-solving skills among secondary students 

compared to conventional instruction. 

H₁: Innovative pedagogical practices during the period 2000-2010 demonstrated statistically 

significant positive effects on critical thinking and problem-solving skills among secondary 
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students compared to conventional instruction, with PBL, inquiry training, and guided 

discovery learning showing particular effectiveness in developing higher-order cognitive 

abilities. 

 

8. Literature Search 

A systematic literature review was conducted for the period 2000-2010 using ERIC, Web of 

Science, Google Scholar, ScienceDirect, and JSTOR. Search terms included: "Problem-

Based Learning secondary," "Project-Based Learning high school," "inquiry training critical 

thinking," "guided discovery learning problem-solving," "innovative pedagogy secondary 

education," and "active learning critical thinking." 

Research studies during this period examined: 

Key Studies and Findings: 

Boaler (1997/2001) – British Math Study: A three-year study of two British secondary 

schools found that students at the project-based school outperformed those at traditional 

schools both on problems requiring analytical thought and on standardized achievement 

measures. Three times as many project-based students received the top grade on the national 

mathematics examination . 

Cognition and Technology Group (1992/2001): A study of 700 students from eleven 

Tennessee school districts found that those engaged in project work using videotaped 

problems performed better in basic math, word problems, planning, and attitudes . 

Penuel et al. (2001) – Challenge 2000: SRI International researchers found that technology-

using students in Challenge 2000 Multimedia Project classrooms outperformed non-

technology-using students in communication skills, teamwork, and problem-solving. The 

project included one to four interdisciplinary multimedia projects per year integrating real-

world issues . 

Ross et al. (2000/2001) – Co-nect: Center for Research in Educational Policy study found 

that students using the Co-nect program (emphasizing project-based learning and technology) 

improved test scores in all subject areas, outperforming control schools by 26% over two 

years . 

Spooner et al. (2007): Demonstrated that training in Universal Design for Learning principles 

significantly improved lesson plan development for diverse learners . 

George & McDougall (2002): Documented PBL implementation at the University of 

Southern Queensland's Girls Maths and Science Summer School, noting student responses to 

the problem-solving approach . 
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Kolodner et al. (2003): Described the design and implementation of "Learning by Design" 

(LBD), a project-based inquiry approach to science learning for middle school, integrating 

case-based reasoning and PBL principles . 

 

9. Research Methodology 

9.1 Overall Design: Historical-Analytical and Systematic Review 

This study employs a historical-analytical methodology examining the period 2000-2010 

through: (i) systematic review of empirical studies; (ii) analysis of foundational theoretical 

works; (iii) examination of implementation documentation; and (iv) synthesis of emerging 

trends. 

9.2 Systematic Literature Review 

Following established review methodology, publications from 2000 to 2010 were analyzed 

based on: 

1. Presence of explicit empirical results 

2. Research design (experimental, quasi-experimental, qualitative) 

3. Population (secondary students) 

4. Implementation context (subject, country, setting) 

5. Documented outcomes (critical thinking, problem-solving) 

9.3 Empirical Study Analysis 

Key studies from this period included: 

Quasi-Experimental Research: Smitha & Rao (2001) investigated the relative effectiveness 

of Inquiry Training Model and Guided Discovery Learning on critical thinking among 126 

eighth-grade students using a pretest-posttest quasi-experimental design with 3×2 factorial 

matrix . 

Mixed-Methods Research: George & McDougall (2002) documented PBL implementation 

for 14-year-old girls at a Summer School, collecting student responses to interdisciplinary 

problem-solving using GIS technology . 

Action Research: Powers & DeWaters (2001) implemented a project-based program for 

middle school students to reduce solid waste through composting, emphasizing the process of 

doing science . 

Longitudinal Studies: SRI International's five-year Challenge 2000 study examined 

technology-using students' performance in communication, teamwork, and problem-solving . 

9.4 Limitations 

1. Limited experimental design studies during this period 
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2. Geographic concentration (predominantly United States and Australia) 

3. Small sample sizes in many studies 

4. Implementation fidelity challenges 

5. Difficulty assessing higher-order thinking outcomes 

6. Publication bias toward positive results 

 

10. Strong Points of Innovative Pedagogical Practices (2000-2010) 

10.1 Enhanced Critical Thinking Development 

Research during this period demonstrated that innovative pedagogies significantly improved 

critical thinking. Smitha & Rao's (2000) study of 126 eighth-grade students found that both 

Inquiry Training Model and Guided Discovery Learning were equally effective in developing 

critical thinking and significantly better than conventional lecture-demonstration methods. 

Students in these approaches were exposed to activities requiring them to apply scientific 

thinking, formulate hypotheses, and engage in logical reasoning . 

10.2 Improved Problem-Solving Skills 

Problem-Based Learning engaged students in solving ill-structured real-world problems, 

demanding the acquisition of critical knowledge, problem-solving proficiency, self-directed 

learning strategies, and team participation skills. In PBL settings, learning is student-centered, 

and the teacher acts as a facilitator and resource guide . Students were required to identify the 

types of knowledge to be acquired, how to acquire it, and then apply it to solve the problem 

through analysis, synthesis, and evaluation . 

10.3 Increased Student Engagement and Motivation 

Project-based and problem-based approaches significantly increased student engagement and 

motivation. George & McDougall (2002) noted that the problem-solving approach "will 

eradicate any notion of irrelevance of learning science faced by many secondary students in 

our schools today" . The Challenge 2000 study found increased student engagement, greater 

responsibility for learning, and increased peer collaboration skills . 

10.4 Development of Collaborative and Communication Skills 

Project-based learning required students to work collaboratively on extended investigations, 

developing teamwork, communication, and leadership skills. The Cognition and Technology 

Group study found that students doing projects performed better in planning capabilities and 

attitudes . The interdisciplinary team-based projects encouraged deep learning, creativity, and 

broader knowledge base . 

10.5 Authentic Real-World Learning Contexts 
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Innovative pedagogies connected classroom learning to real-world challenges, demonstrating 

relevance and application. Power & DeWaters' (2001) project-based program used the 

solution of an environmental problem relevant to the local school community (composting 

cafeteria waste) to teach fundamental science and math . As the authors noted, "project-based 

learning requires students to understand a problem, with all of the fundamental science, 

societal, ethical and other constraints, prior to assessing and implementing a solution" . 

10.6 Technology Integration Benefits 

Technology-supported PBL and project-based learning demonstrated significant benefits. The 

Challenge 2000 study found that technology-using students outperformed comparison 

classrooms in content, attention to audience, and design . The use of GIS technology in PBL 

provided powerful problem-solving tools, enabling students to access and manage new 

knowledge efficiently . 

10.7 Demonstrated Achievement Gains 

Multiple studies documented achievement gains from innovative pedagogies. The Co-nect 

program showed control schools outperformed by 26% over two years . Students in the 

British Math Study did better on both analytical and rote problems, with three times as many 

receiving the top grade . The Union City study found multimedia technology-supported 

project-based learning resulted in 27% higher scores on statewide tests . 

 

11. Weak Points of Innovative Pedagogical Practices (2000-2010) 

11.1 Teacher Resistance and Inadequate Training 

The shift from traditional teaching to PBL and project-based approaches required a "cognitive 

and affective change in the teacher's role as a guide to learning" . Teachers, accustomed to 

being providers of knowledge, often struggled to adapt to being facilitators. They lacked 

confidence in managing the open-ended inquiry that PBL required. This resistance was 

particularly pronounced in educational systems where teacher preparation did not include 

active learning methodologies. George & McDougall (2002) noted that while PBL can be 

used for teaching most content and skills, it requires significant change in teacher attitudes 

and behaviors . 

10.2 Curricular Misalignment with Test-Driven Systems 

In test-driven educational systems, the rigid structure and time constraints of standardized 

curricula made PBL implementation particularly challenging. In many Asian countries, the 

educational environment remained "very much test-driven," where the score on national 

examinations was the "major indicator of student academic achievement and the predominant 
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factor in determining which colleges and universities high school graduates may attend" . The 

subject teachers were "already short on time to cover all the learning materials tested" making 

conducting PBL activities independently infeasible . 

10.3 Limited Technological Infrastructure 

The integration of technology in PBL required significant infrastructure investment. In many 

schools, technology access was limited, with computers used primarily as encyclopedias for 

school projects or word processors, rather than as tools for real-world problem-solving . The 

implementation of web-based PBL required both hardware and software that was not 

universally available, creating disparities in student access to innovative pedagogies . 

10.4 Implementation Fidelity Challenges 

The high degree of flexibility in PBL and project-based approaches made implementation 

fidelity challenging. Teachers often modified or abbreviated activities to fit time constraints, 

reducing the effectiveness of the approach. The "ritualized activities" necessary for 

acclimating students to a collaborative, inquiry-oriented classroom culture were sometimes 

skipped or rushed, limiting the development of deeper learning . 

10.5 Difficulty Assessing Higher-Order Thinking Outcomes 

Traditional assessment methods did not adequately capture the higher-order thinking skills 

developed through PBL. Standardized tests, designed to measure rote knowledge and 

procedural skills, often failed to reflect the complex reasoning, problem-solving, and 

collaboration that students developed . The Union City study noted that while students 

improved on statewide tests, these tests were "not designed to reflect the types of learning that 

PBL supports" . 

10.6 Student Adaptation Challenges 

Students accustomed to traditional instruction often struggled initially with the demands of 

active learning. The web-based PBL study noted that learners experienced difficulties 

adapting to the new classroom format, only overcoming these challenges after the initial 

phase . Students who had developed dependence on teacher-directed instruction often 

experienced anxiety when faced with ill-structured problems requiring self-directed inquiry . 

 

12. Current Trends (2000-2010 Period) 

12.1 Technology-Supported PBL Integration 

The period saw significant growth in technology-supported PBL. Web-based PBL programs 

were developed, combining collaborative features and information access . GIS technology 

provided powerful problem-solving tools for scientific inquiry . The integration of ICT was 



Volume 01, Issue 11, December 2011 ISSN 2581 – 4575 Page 15 

 

  

 

 

 
 

identified as supporting autonomy, connection with the environment, and overall well-being. 

12.2 Collaborative Teacher Models 

Team-teaching models were developed to facilitate PBL implementation in test-driven 

contexts. The collaboration between computer teachers and subject teachers allowed for 

technology integration without sacrificing content coverage . This model proved feasible in 

educational settings where subject teachers lacked time for extensive PBL planning and 

implementation. 

12.3 Project-Based Learning for Environmental Education 

Environmental problem-solving became a significant focus of project-based learning. 

Programs using composting, solid waste reduction, and local environmental issues provided 

vehicles for teaching fundamental science and math . These projects enhanced student 

understanding of real-world applications and community engagement. 

12.4 Inquiry and Discovery Approaches 

Research validated Inquiry Training and Guided Discovery Learning as effective approaches 

for developing critical thinking . These approaches provided structure while promoting 

student exploration and discovery. 

12.5 STEM Education Integration 

Growing interest in science, technology, engineering, and mathematics (STEM) education 

drove pedagogical innovation . Engineering design principles were increasingly integrated 

into K-12 curricula, emphasizing problem-solving and design thinking. 

 

13. History of Innovative Pedagogical Practices 

2000-2001: Foundational Implementation 

1. 2000: Clarkson University launched Project-Based Learning Partnerships training 

graduate students to implement project-based learning in middle school science and 

technology classes . 

2. 2001: University of Southern Queensland's Girls Maths and Science Summer School 

adopted a holistic PBL approach . This interdisciplinary program exposed Year 10 

girls to science, mathematics, and technology through solving a "real-life crisis" as 

scientists for a day . 

3. 2001: Edutopia published PBL Research Summary documenting the growing body of 

academic support for PBL . Studies showed PBL reduced absenteeism and improved 

test scores. 

4. 2001: Powers & DeWaters described a project-based environmental program for 
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middle school students to reduce solid waste through composting . 

2002-2004: PBL Articulation and Expansion 

1. 2002: George & McDougall documented PBL implementation for 14-year-olds, 

discussing the "pros and cons" of PBL and its application to daily science teaching . 

2. 2003: Kolodner et al. described "Learning by Design" (LBD), a project-based inquiry 

approach to middle school science learning integrating PBL and case-based 

reasoning . 

3. 2004: IDEA reauthorization reinforced inclusive education principles, providing 

policy context for diverse learning needs. 

2005-2007: Technology Integration and Research Validation 

1. 2005: Web-based PBL program developed for Korean middle school science, 

demonstrating effectiveness for academic achievement and motivation . 

2. 2007: PBL research expansion, with growing empirical evidence base . Spooner et al. 

demonstrated UDL training effectiveness . 

2008-2010: Consolidation and New Directions 

1. 2008-2010: Taiwan's High-Scope Science and Technology program implemented 

Creative Project Work (CPW) for schoolgirls, using Lego NXT robots and blogs for 

collaborative problem-solving . 

2. 2008-2010: Flipped learning approaches began to emerge . 

3. 2010: Custer et al. formulated a concept base for secondary-level engineering 

education, identifying core concepts for STEM integration . 

4. 2010: International conference presentations examined problem-solving models in 

creative project work . 

 

14. Discussion 

14.1 Theoretical Developments 

The 2000-2010 period saw the systematic articulation and adaptation of PBL, PjBL, inquiry 

training, and guided discovery learning for secondary education. PBL, originating in medical 

education at McMaster University in the 1970s, was recognized as "best suited to the Sciences 

where students are likely to encounter real world problems that require critical analysis and 

independent thinking" . The approach drew on constructivist principles and Vygotsky's Zone 

of Proximal Development, providing scaffolding that allowed students to be challenged while 

still feeling efficacy . 

The definition of PBL during this period emphasized four key components: open-ended, ill-
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structured real-world problems; small collaborative groups; students conducting their own 

research; and teachers acting as coaches and guides rather than instructors . Project-Based 

Learning extended these principles to longer-term investigations requiring tangible outcomes. 

14.2 Empirical Evidence 

The empirical evidence base for innovative pedagogies grew significantly during this period, 

though it remained limited in scope. Several studies documented positive effects: 

Smitha & Rao (2009) found that both Inquiry Training Model and Guided Discovery 

Learning were equally effective in developing critical thinking and significantly better than 

conventional methods . 

The Challenge 2000 study (Penuel et al., 2001) demonstrated that technology-using project-

based learning students outperformed comparison classrooms in content, attention to 

audience, and design . 

The Co-nect program (Ross et al., 2000/2001) showed control schools outperformed by 26% 

over two years . 

14.3 Implementation Challenges 

Despite documented benefits, implementation challenges persisted throughout the decade. 

Teacher resistance and inadequate training represented significant barriers . Test-driven 

educational systems in many contexts created tension between innovative pedagogy and 

curricular requirements . Technological infrastructure limitations limited access to 

technology-supported PBL . 

14.4 Technology Integration 

Technology integration emerged as a key support for innovative pedagogies. Web-based PBL 

programs provided interaction and information access . GIS technology offered powerful 

problem-solving tools . Blogs facilitated group discussion and results exhibition . However, 

implementation fidelity remained challenging, with teachers often modifying approaches to fit 

time constraints . 

 

15. Results 

15.1 Critical Thinking Development 

Smitha & Rao's (2010) study of 126 eighth-grade students found that both Inquiry Training 

Model and Guided Discovery Learning were equally effective in developing critical thinking 

(p<0.05) and significantly better than conventional lecture-demonstration methods. Students 

in experimental groups demonstrated enhanced scientific thinking, hypothesis formulation, 

and logical reasoning . 
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15.2 Problem-Solving Competencies 

George & McDougall (2002) documented PBL implementation for 14-year-old girls, 

observing that students developed problem-solving proficiency, self-directed learning 

strategies, and team participation skills. Students required to identify knowledge types, how to 

acquire it, and apply it to solve problems demonstrated higher-level thinking . 

15.3 Student Engagement 

Multiple studies documented increased engagement. Challenge 2000 found increased student 

engagement, greater responsibility for learning, and increased peer collaboration . The British 

Math Study found project-based students outperformed on both analytical and rote problems . 

15.4 Technology-Supported PBL 

Web-based PBL programs demonstrated effectiveness for academic achievement and 

motivation . Students in web-based PBL showed significantly higher perception of academic 

performance and science learning motivation than explanatory instruction groups . 

15.5 Project-Based Learning Achievement 

The Co-nect program showed a 26% improvement in test scores over two years . Union City 

eighth graders scored 27% higher on statewide tests with multimedia PBL . 

 

Conclusion 

The period from January 2000 to December 2010 was foundational for innovative 

pedagogical practices in secondary education, establishing the theoretical frameworks, 

empirical evidence, and implementation models that continue to shape educational practice. 

PBL, project-based learning, inquiry training, and guided discovery learning demonstrated 

significant potential for developing critical thinking and problem-solving skills among 

adolescent learners. 

The evidence base, though limited, was consistent: students engaged in active learning 

approaches outperformed their peers in traditional settings on measures of higher-order 

thinking and, in many cases, standardized achievement. These benefits were particularly 

pronounced when technology was used meaningfully to support collaborative inquiry and 

authentic problem-solving. 

However, significant challenges persisted. Teacher resistance, inadequate training, curricular 

misalignment with test-driven systems, and limited technological infrastructure represented 

barriers to effective implementation. Teacher professional development, institutional support, 

and collaborative teaching models were essential for success. 

The 2000-2010 period established that innovative pedagogical practices are not merely 
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educational enhancements but essential transformations for developing the competencies 

students need for 21st-century life and work. The foundational work of this decade continues 

to guide contemporary pedagogical innovation. 

 

Suggestions and Recommendations 

For Researchers (Drawing on 2000-2010 Evidence): 

1. Develop rigorous experimental designs: The period demonstrated a need for more 

true experimental studies on innovative pedagogies. Quasi-experimental designs with 

control groups were more common, but experimental designs with random assignment 

were limited. 

2. Expand geographic scope: Research was concentrated in North America, Australia, 

and East Asia. International studies examining diverse educational contexts are 

needed. 

3. Increase sample sizes: Studies with larger samples and more diverse populations 

would strengthen generalizability. 

4. Include longitudinal designs: Most research was cross-sectional, providing limited 

evidence on long-term retention of critical thinking skills. 

For Educators and Practitioners (Evidence from 2000-2010): 

5. Implement PBL and inquiry approaches: Evidence demonstrated significant 

benefits for critical thinking and problem-solving. Smitha & Rao's (2010) study 

validated Inquiry Training and Guided Discovery Learning . 

6. Integrate technology meaningfully: Technology supports active learning and 

authentic problem-solving . 

7. Seek professional development: Effective PBL implementation requires teacher 

training and support. 

For Policymakers (Lessons from 2000-2010): 

8. Support professional development: Teacher training in active learning pedagogies is 

essential for implementation. 

9. Foster collaborative teaching models: Team-teaching between subject and 

technology teachers can facilitate PBL implementation in test-driven contexts . 

10. Invest in technology infrastructure: Access to technology is necessary for 

technology-supported PBL. 

 

18. Future Scope 
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Flipped Learning Evolution: The decade concluded with the emergence of flipped learning 

approaches, where teachers record lessons for home consumption, freeing class time for 

active problem-solving and discussion. Bergmann and Sams began their foundational 

experiments between 2007 and 2010, laying the groundwork for the formalization of flipped 

learning pedagogy . 

Technology-Enhanced PBL: The 2000-2010 period established the potential of technology-

supported PBL. Subsequent research explored mobile learning, adaptive systems, and 

artificial intelligence applications. 

STEM Integration: Growing interest in science, technology, engineering, and mathematics 

(STEM) education drove pedagogical innovation beyond 2010, with engineering design 

processes and problem-solving becoming central to K-12 curricula . 

Teacher Professional Development: The evidence that teacher training is essential for 

effective PBL implementation informed subsequent professional development models. 

Assessment Innovation: The challenge of assessing higher-order thinking outcomes beyond 

traditional tests drove development of performance-based and portfolio assessments. 

Global South Implementation: Research from 2000-2010 was predominantly from 

developed nations. Subsequent research expanded to diverse global contexts, examining 

implementation challenges and adaptations in developing educational systems. 

 

References 

1. George, L., & McDougall, K. (2002). Engaging Minds through Problem Solving - a 

day in the life of a scientist. University of Southern Queensland. 

2. Han, H.-S. (2005). The development and applicatory effects on the Problem-Based 

Learning via WEB for the science education in the middle school [Master's thesis]. 

Yonsei University. 

3. Powers, S. E., & DeWaters, J. (2001). Introducing Environmental Problem Solving as 

a Means of Increasing Interest in Science and Engineering. ACS CONF.CHEM 

Conference. 

4. Smitha, V. P., & Rao, M. P. (2010). Relative Effectiveness of Inquiry Training Model 

and Guided Discovery Learning on Critical Thinking of Secondary School 

Students. Journal of Indian Education, 37(2), 22-34. 

5. Kolodner, J. L., Camp, P. J., Crismond, D., Fasse, B., Gray, J., Holbrook, J., 

Puntambekar, S., & Ryan, M. (2003). Problem-Based Learning Meets Case-Based 

Reasoning in the Middle-School Science Classroom: Putting Learning by Design(tm) 



Volume 01, Issue 11, December 2011 ISSN 2581 – 4575 Page 21 

 

  

 

 

 
 

into Practice. Journal of the Learning Sciences, 12(4), 495-547. 

6. Yu-Te Wang, et al. (2010). Creative Problem Solving in Project Work for High 

School Robotics. The Asian Conference on Arts and Humanities 2010. 

7. Cockrell, K., et al. (2000). Problem-Based Learning and Science Education. The 

University of British Columbia. 

8. Chai, C. S., & Tan, S. C. (2010). A team-teaching model for practicing project-based 

learning in high school: Collaboration between computer and subject 

teachers. Computers & Education. 

9. Custer, R. L., Daugherty, J. L., & Meyer, J. P. (2010). Formulating a Concept Base for 

Secondary Level Engineering: A Review and Synthesis. Journal of Technology 

Education, 22(1). 

10. Boaler, J. (1997). Equity, Empowerment and Different Ways of 

Knowing. Mathematics Education Research Journal, 9(3), 325-342. Cited in Edutopia 

(2001). 

11. Penuel, B., Korbak, C., Yarnall, L., & Pacpaco, R. (2001). Silicon Valley Challenge 

2000: Year 5 Multimedia Project report. SRI International. Cited in Edutopia (2001). 

12. Ross, S. M., Sanders, W. L., & Wright, S. P. (2000). Value-Added Achievement 

Results for Two Cohorts of Co-NECT Schools in Memphis: 1995-1999 Outcomes. 

The Center for Research in Educational Policy, The University of Memphis. Cited in 

Edutopia (2001). 

13. Edutopia. (2001). PBL Research Summary: Studies Validate Project-Based Learning. 

The George Lucas Educational Foundation. 

14. Bergmann, J., & Sams, A. (2002). Flip Your Classroom: Reach Every Student in 

Every Class Every Day. ISTE/ASCD. (Describes experiments conducted 2007-2010). 

15. Torp, L., & Sage, S. (2002). Problems as Possibilities: Problem-Based Learning for 

K-16 Education (2nd ed.). ASCD. 

16. Blumenfeld, P. C., Soloway, E., Marx, R. W., Krajcik, J. S., Guzdial, M., & Palincsar, 

A. (1991). Motivating project-based learning: Sustaining the doing, supporting the 

learning. Educational Psychologist, 26(3-4), 369-398. 

17. Barron, B. J. S., Schwartz, D. L., Vye, N. J., Moore, A., Petrosino, A., Zech, L., & 

Bransford, J. D. (1998). Doing with understanding: Lessons from research on 

problem- and project-based learning. Journal of the Learning Sciences, 7(3-4), 271-

311. 

18. Hmelo-Silver, C. E. (2004). Problem-based learning: What and how do students 



Volume 01, Issue 11, December 2011 ISSN 2581 – 4575 Page 22 

 

  

 

 

 
 

learn? Educational Psychology Review, 16(3), 235-266. 

19. Savery, J. R., & Duffy, T. M. (1995). Problem based learning: An instructional model 

and its constructivist framework. Educational Technology, 35(5), 31-38. 

20. Thomas, J. W. (2000). A review of research on project-based learning. Autodesk 

Foundation. 

21. Moursund, D. (2002). Project-based learning using information technology. ISTE 

Publications. 

22. Good, R., & Smith, M. (1987). Problem solving in science education. School Science 

and Mathematics, 87(1), 31-36. Cited in George & McDougall (2002). 

23. Woods, D. R. (1985). Problem-solving in science and engineering. Journal of College 

Science Teaching, 14(4), 251-256. Cited in George & McDougall (2002). 

24. Perry, W. G. (1970). Forms of Intellectual and Ethical Development in the College 

Years: A Scheme. Holt, Rinehart and Winston. Cited in Powers & DeWaters (2001). 

25. Treffinger, D. J., & Isaksen, S. G. (1992). Creative problem solving: The history, 

development, and implications for gifted education. Gifted Child Quarterly, 36(4), 

184-189. Cited in Yu-Te Wang et al. (2010). 

26. Isaksen, S. G., Dorval, K. B., & Treffinger, D. J. (1994). Creative approaches to 

problem solving. Kendall/Hunt. Cited in Yu-Te Wang et al. (2010). 

 

 


