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Abstract

Innovative pedagogical practices have emerged worldwide to improve learning beyond traditional
lectures. This systematic review synthesizes research on non-traditional teaching methods in higher
education (2015-2024) across regions, with a focus on the natural sciences. Following PRISMA
guidelines, we searched major databases (Scopus, ERIC, JSTOR, Web of Science) using Boolean
terms for active learning, flipped classtooms, problem/project-based learning, gamification, Al
tools, and online collaboration. Twenty-five articles met the inclusion criteria after duplicate
removal and screening. Thematic analysis categorized innovations into five practices. The flipped
classtoom (pre-class content, active in-class learning) and problem/project-based learning (real
problems, student teams) were widely reported to boost engagement and critical thinking.
Gamification (game elements in learning) was found to enhance motivation and mastery.
Al-enabled tools (intelligent tutors, feedback systems, analytics) supported personalized learning
and collaboration. Collaborative online learning leveraged social constructivism, improving
knowledge co-construction and digital teamwork skills. Across studies, innovative methods
generally led to higher student engagement, skill development, and achievement than traditional
lectures (e.g. ~0.49 SD gain). However, instructors faced time, training, and technology challenges.
Opverall, constructivist frameworks underlie these practices: students actively build knowledge in
authentic contexts. We discuss how these approaches compare with lectures, their benefits and
barriers, and identify gaps (e.g. need for scalable training, longitudinal evidence). Findings offer
insights for educators and policymakers on fostering effective, student-centered teaching in higher
education.
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Introduction

Higher education is increasingly moving beyond passive lectures toward student-centered,
constructivist methods that engage learners in active knowledge construction. The global shift
from traditional to innovative teaching is driven by the need for deeper learning, critical thinking,
and 21st-century skills in science and other fields. Innovative pedagogical practices are defined
here as teaching methods that depart from lecture-dominated instruction to involve students in
problem-solving, collaboration, technology use, or game-like experiences that construct
knowledge. These include, for example, flipped classrooms (lectures moved online, class time for
active work), problem/project-based learning (PBL) (students tackle real-wotld problems),
gamification (game elements in learning), use of Al-powered tools (intelligent tutors, analytics),
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and online collaborative learning. All are grounded in constructivist theory, which holds that
learners best construct knowledge through meaningful experiences and social interaction.

This review aims to answer the following research questions: (1) What innovative pedagogical
practices are currently used in higher education worldwide? (2) How do these approaches affect
student engagement, learning outcomes, and skills? (3) What challenges do faculty and institutions
face in implementing them? We emphasize evidence from the natural sciences and adopt a
constructivist perspective in framing findings, since science education has particularly embraced
active learning. By systematically reviewing recent research (2015-2024), we provide educators and
policymakers with an in-depth analysis of how constructivist, innovative strategies are
transforming higher education teaching.

Methodology

We conducted a comprehensive systematic literature search and synthesis following PRISMA
guidelines. We searched four major scholarly databases — Scopus, ERIC, JSTOR, and Web of
Science — for English-language, peer-reviewed studies published between 2015 and 2024. Search
terms combined constructs related to innovation, pedagogy, and higher education (e.g., “flipped
classroom,” “problem-based learning,” “gamification,” “artificial intelligence,” “online
collaboration,” AND “higher education,” “university,” “college”). Boolean operators (AND, OR)
were used to broaden relevant hits while excluding unrelated fields. We also performed targeted
searches of Google Scholar and reference lists for additional studies.

Inclusion criteria were: (1) studies conducted in higher education settings, including natural
sciences courses; (2) empirical or systematic review reports on innovative pedagogical practices;
(3) focus on teaching methods (not merely describing tools); and (4) publication between 2015—
2024. Exclusions were: K—12 contexts, purely theoretical papers, dissertations, and non-peer-
reviewed articles. We screened titles/abstracts for relevance, removed duplicates, and then read
full texts of potentially relevant papers. Data extracted included country, discipline, pedagogical
intervention, study design, and reported outcomes.
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Figure 1. PRISMA flow diagram showing the study selection process for the systematic review.




Records from database searches (n = 426,387) were reduced after duplicate removal and scope
screening. In total, 25 articles met all inclusion criteria for synthesis.

Finally, we analyzed included studies through thematic coding. Fach article was coded for the type
of innovation (e.g. flipped, PBL, gamification, Al tools, online collaboration) and outcomes
(engagement, achievement, skills, etc.). Figure 2 illustrates the overall review lifecycle we followed,
from database search to extraction and reporting.
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Figure 2. Overview of the systematic review process (review lifecycle: planning, search, screening,
data extraction/appraisal, reporting).

Findings: Innovative Practices
Flipped Classroom

Definition and Implementation. The flipped classroom inverts lecture and practice: students
study content (videos, readings) before class, freeing class time for active exercises and discussion.
Baig & Yadegaridehkordi (2023) define flipped learning as “turning the usual classroom on its
side” using technology to move lectures outside class. It is widely applied across disciplines,
including STEM fields (engineering, chemistry). Techniques include in-class collaborative
problem-solving, quizzes, and hands-on labs.

Constructivist Alignment. Flipping aligns with constructivism by making class a space for guided
knowledge construction. Instructors act as facilitators, helping students assimilate new information
through discussion and problem-solving, rather than passively delivering content.

Benefits. Studies report that flipped classrooms increase student engagement, motivation, and
learning outcomes. Baig & Yadegaridehkordi (2023) found flipped learning boosts engagement
and satisfaction. Al-Mamun et al. (2022) note that flipped approaches in engineering significantly
enhanced self-efficacy and intrinsic motivation, leading to better exam performance. In meta-
analyses, active flipped settings yield larger learning gains than lectures. Students spend more time



on applied learning, which cultivates critical thinking and practical skills. For example, flipped
chemistry labs allow students to apply theory in collaborative settings, reinforcing understanding.
In natural science labs, pre-class preparation means students come ready to solve problems,
deepening understanding of scientific concepts.

Challenges. Implementing flips poses several challenges. Instructors must create or curate high-
quality pre-class materials (videos, readings), which is time-consuming. Ensuring students
complete pre-class work is a common issue: lack of motivation or access to materials can
undermine effectiveness. Baig & Yadegaridehkordi report that flipped models demand strong
student self-regulation and extra tech support. Faculty training is required for effective class
activities. Ng & Lo (2022) note that flipped teaching can suffer if students come unprepared,
weakening in-class learning. These findings mirror general barriers to innovative pedagogy like
instructor readiness and workload.

Problem/Project-Based Learning (PBL)

Definition and Use. PBL encompasses problem-based and project-based learning, student-
centered methods where learners tackle authentic problems or projects over time. In science
courses, this often means investigating real-world phenomena or engineering challenges. Students
work in small teams under faculty guidance, researching and presenting solutions. This mirrors
professional scientific practice and inherently embodies constructivist ideals: students actively
build domain knowledge through inquiry.

Constructivist Alignment. PBL strongly embodies constructivist theory, as knowledge is
“constructed” through solving real problems. Guidance is scaffolded (teacher as facilitator),
promoting exploration, self-direction, and reflection. Vygotskian social learning is evident as peers
collaborate.

Outcomes — Engagement & Skills. PBL consistently yields high gains in critical thinking,
problem-solving, and content understanding. Yu & Zin (2023) found that adapting PBL to
emphasize critical thinking produced positive outcomes in student analytic skills. Zhang & Ma’s
meta-analysis (2023) of 66 studies showed that project-based learning significantly improved
learning outcomes and positively affected academic achievement, attitudes, and thinking skills.
Notably, Zhang & Ma observed even larger gains in engineering and technology subjects, especially
in lab courses and small groups — underscoring natural science relevance. For example, biology
projects on ecosystems or engineering capstone projects led to deeper learning than traditional
labs. Students reported increased motivation and sense of ownership. Overall, PBL students often
outperform peers on assessments.

Implementation Factors. The effectiveness of PBL depends on design. Optimal group size (~4—
5) and sufficient project duration (~9-18 weeks) were recommended by Zhang & Ma. In their
analysis, Asian universities saw larger PBL effects than Western ones, suggesting cultural or
curricular differences. Instructors must carefully frame problems and provide milestones.

Challenges. Faculty challenges include designing authentic, interdisciplinary problems and
assessing projects fairly. Instructors may be unprepared for guiding open-ended inquiry. Time
constraints and curriculum coverage pressures are concerns (lectures cover content faster).
Without support, PBL can falter if students lack background knowledge or if group work is
mismanaged. We discuss these broader challenges below.

Gamification



Definition and Role. Gamification involves integrating game elements (points, levels, narratives,
challenges) into coursework to boost engagement. Unlike full games, it adds motivational design
to lessons (e.g. quizzes with scores, simulation-based labs with “levels”). As Pelizzari (2024) notes,
gamification intentionally leverages “gamefulness” to enhance learning experiences. It has been
applied in science education (e.g., virtual lab simulations, science quizzes with badges).

Constructivist Alignment. While gamification is sometimes critiqued, many designs support
constructivism: students actively engage with content and receive feedback. Points and levels serve
as scaffolding (immediate feedback is built-in), fostering problem-solving in a playful context.
Game scenarios can situate science problems in realistic contexts.

Outcomes — Engagement & Motivation. The systematic review by Pelizzari (2024) found that
gamification generally increases student engagement and motivation in higher education. Out
of 53 studies, many reported positive effects on active participation, enthusiasm, and even learning
outcomes. For instance, students in gamified chemistry tutorials showed better attendance and
reported the material as more enjoyable. The narrative elements in games can contextualize science
learning (e.g., gamified field trips or story-driven physics puzzles). Overall, gamification “enhances
student engagement and learning experiences” by leveraging intrinsic motivation.

Challenges. Implementation issues include the work of designing quality game elements and
ensuring they align with learning goals. Pelizzari notes that theoretical foundations of gamification
vary widely among studies. Some instructors struggle with balance: making sure competition or
game mechanics do not overshadow content. Technical resources (game platforms) and training
can be barriers. Furthermore, not all learners respond equally to gamified methods — novelty can
wear off. Addressing these requires clear pedagogical design and support.

AI-Enhanced Learning Tools

Scope. Artificial Intelligence (AI) and intelligent technologies are rapidly entering higher
education. This includes adaptive tutoring systems, automated feedback (e.g. on writing or
problem sets), Al chatbots, and learning analytics. Crompton & Burke (2023) reviewed Al use in
HE and found a surge in intelligent tutoring systems, predictive analytics, and collaborative Al
tools. For example, ITS can adapt physics problem difficulty to each student’s level; writing
assistants (Grammarly, ChatGPT) can give immediate feedback on assignments.

Constructivist Alignment. Al tools often act as personalized scaffolds, adjusting to learner needs
and thereby supporting individual knowledge construction. This resonates with constructivism by
tailoring experiences. Socially, Al chatbots can simulate peer discussion. For instance, a biology
student could query an Al “virtual TA” during self-study, receiving hints that guide understanding.

Outcomes — Personalization & Support. Studies highlight that Al can enhance learning by
personalization. Crompton & Burke (2023) observed that AI-powered tutoring systems improve
individual learning paths. Writing and language tools (NLP-based) have been shown to improve
learning in language courses. Moreover, Al-driven analytics can help instructors identify at-risk
students early, enabling interventions. However, most evidence is exploratory. Many authors call
for more research on impact.

Challenges. Rapid development of Al raises adoption challenges. Faculty may lack familiarity
with Al tools, and concerns about academic integrity (cheating with Al) are new issues. Institutions
must consider data privacy and equity (tools often require stable internet and devices). Instructors



also need guidance on integrating Al ethically. As Crompton & Burke emphasize, the field is
evolving quickly and more research is needed on effective Al pedagogy.

Online Collaborative Learning

Definition. Online collaboration includes any student teamwork facilitated by digital platforms
(discussion forums, wikis, shared documents) in hybrid or fully online courses. During the
COVID-19 pandemic, universities worldwide adopted collaborative online projects as courses
moved remote. According to Bach & Thiel (2024), collaborative online tasks require quality group
interactions across cognitive, metacognitive, and social dimensions.

Constructivist Alignment. Online collaboration epitomizes social constructivism: students co-
construct understanding through interaction. Theory emphasizes that learning is social (Vygotsky),
and co-operative tasks leverage peers’ knowledge (Johnson & Johnson 2009). Through digital
teamwork on science projects (e.g. group lab reports or group data analysis), students articulate
ideas and build shared schemas. Bach & Thiel note that effective online collaboration involves
activating prior knowledge, planning work processes, and maintaining a positive group climate.

Outcomes — Social Skills & Learning Gains. Prior research finds collaborative learning fosters
deeper understanding and social competencies. Bach & Thiel (2024) report that high-quality
digital interaction is linked to better self-reported learning gains and satisfaction. In science
courses, students working together tend to achieve more than they would individually. For
example, online study groups in physics courses have shown increased comprehension, while peer
instruction online (guided by tools like Piazza) leads to active reasoning. Group projects in
MOOC s, when well-managed, show positive outcomes in engagement and knowledge building.

Challenges. Online collaboration also faces hurdles. Technical issues (platform usability, internet
access) can hamper teamwork. Students may feel isolated or find it hard to coordinate schedules.
Digital literacy gaps can widen participation inequities. Additionally, social dynamics (e.g. unequal
participation, conflict) occur even more when not face-to-face. Facilitators must foster a
supportive online community. Several included studies emphasize training students in online
communication and clear task structures to overcome these issues.

Impact on Engagement, Outcomes, and Skills

Across the literature, innovative pedagogies consistently report enhanced student engagement
and learning compared to traditional lectures. Active learning methods (flipped, PBL,
gamification, collaboration) give students hands-on experience, which constructivist theory
predicts leads to deeper understanding. Meta-analytic evidence confirms this: Kozanitis &
Nenciovici (2023) found that active instruction increased achievement by about 0.49 SD over
lecturing. In particular, STEM and humanities students alike show significant gains with active
approaches. In natural sciences, this is supported by enhanced conceptual mastery — e.g.,
engineering students using project-based labs scored higher on assessments of design principles.

Student outcomes also include improved soft skills. Studies note gains in teamwork,
communication, and self-directed learning. For instance, Bach & Thiel (2024) link collaborative
activities to better metacognitive strategy use. Flipped and PBL courses repeatedly cite increased
student confidence and willingness to tackle real problems. Pelizzari (2024) highlights that gamified
elements boost learners’ perseverance and satisfaction. Al tools contribute by giving immediate
feedback, leading to faster skill acquisition in domains like writing or coding. In summary,



innovative practices tend to produce richer learning outcomes — including higher-order thinking
and 21st-century skills — than passive methods.

Faculty and Institutional Challenges

While benefits are clear, multiple studies report barriers to implementation. Common faculty
challenges include: lack of time and resources (preparing new materials, learning new tools),
insufficient training, and resistance to change. Awang et al. (2025) categorize barriers such as
teacher preparedness, curriculum misalighment, and infrastructural gaps. They and others note
that many instructors “lack sufficient training, incentives, and support” for innovative methods.
Overloaded schedules can discourage faculty from redesigning courses.

At the institutional level, technology and policy are critical. Universities may have infrastructural
barriers (e.g. limited LMS capacity, lack of classroom technology). There may also be rigid
curricula and assessment systems that favor lectures over projects. For example, standardized
exams or fixed course outlines can conflict with flexible, student-centered approaches. Socio-
cultural resistance is another factor: in some regions or departments, tradition prevails and
innovative methods are met with skepticism (as noted in engineering and sciences contexts).
Digital equity is a related challenge: students without reliable internet or devices may be excluded
from online innovations.

To address these, authors emphasize the need for institutional support: professional development,
workload adjustments, and policy reforms. Awang et al. suggest comprehensive PD programs and
adaptive policies that allow innovative curricula. Faculty champions and collaborative leadership
can mitigate inertia. In sum, studies underscore that without tackling these barriers, the potential
of innovative pedagogy cannot be fully realized.

Discussion

Compared to traditional lecturing, innovative pedagogies consistently yield better outcomes.
Active learning methods produce higher student achievement (~0.5 SD gains) and engagement
than lectures. From a constructivist standpoint, this makes sense: students learn by doing and
collaborating, not by passively receiving information. For example, flipped classrooms allow in-
class activities that align with constructivist goals of experience-based learning. PBL and
collaborative tasks leverage social co-construction of knowledge, as originally posited by Piaget
and Vygotsky. Gamification introduces motivation through interactive contexts, also engaging
students more deeply than lectures. Al tools function as personalized scaffolds, again consistent
with constructivist scaffolding (adapting to learner needs).

Benefits and Implementation. Our findings echo prior reviews: student-centered, technology-
enhanced methods can engage, motivate, and improve learning outcomes. Educators report that
classrooms are more dynamic and students become active participants. However, realizing these
benefits requires overcoming challenges. Implementation issues (faculty training, tech access) must
be addressed — otherwise the innovation fails, as multiple authors note.

Constructivist Perspective. All practices reviewed are underpinned by constructivist theory:
students build understanding through active exploration and social interaction. For instance,
flipped learning shifts instructors from “information deliverers” to learning facilitators, consistent
with constructivist ideas that teachers should design experiences rather than just impart facts.
Gamified learning and PBL create contexts in which learners internalize science concepts through
problem-solving. Online collaboration explicitly draws on Vygotsky’s notion of mediated learning



in a social environment. This theoretical framing suggests that success depends on careful design
to ensure learning experiences are meaningful and reflective, rather than superficial.

Gaps and Future Directions. Several gaps emerged. Most studies were short-term or single-
course case studies; there is a need for longitudinal research on lasting impacts of these approaches.
Few studies compare combinations of practices (e.g. flipped + PBL), which could amplify gains.
Research was also unevenly distributed: many studies from Asia and Western Europe, but fewer
from Africa and Latin America, limiting generalizability. In natural sciences specifically, some
disciplines (e.g. chemistry, engineering) have more innovation research than others. Future
research should examine diverse contexts, including larger class sizes and different cultural settings.
Policymakers and scholars should also explore how to scale professional development for
educators, and how institutional policy can adapt to support flexible pedagogy. Finally, as Al tools
rapidly evolve, research must keep up on their pedagogical effects and ethical implications.

Conclusion

This review demonstrates that zunovative pedagogical practices — such as flipped classrooms,
problem/project-based learning, gamification, Al-enhanced tools, and online collaboration — can
significantly improve higher education, especially in the sciences, by activating students in their
own learning. Rooted in constructivist theory, these approaches foster deeper engagement, critical
thinking, and practical skills. Educators should consider integrating such methods: for example,
combining pre-class content with in-class labs or projects to maximize learning. However,
successful adoption requires supportive infrastructure, training, and adaptive policies. Institutions
and policymakers should invest in professional development, flexible curricula, and technology
access to remove barriers. By aligning teaching with how students construct knowledge,
universities can create more effective, engaging learning environments. This review’s insights can
guide educators worldwide in implementing evidence-based, student-centered pedagogy to meet
the challenges of 21st-century education.
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