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Abstract 

This paper provides reviews of teaching methods which are already in use and emerging in Under graduate 

engineering programs, by focusing mainly on National Education policy 2020.It gives a detail summary of 

current practices in class room including traditional lectures, flipped classrooms, blended learning, project 

Based learning, active learning and digital resources. It evaluates their effectiveness in engineering 

mathematics and suggests teaching innovations and institutional actions that align with NEP goals, like 

multidisciplinary learning, foundational skills, assessment reform, and digital inclusion. The 

recommendations, including adaptive learning, AI tutors, competency-based learning, micro-credentials, 

faculty development, and partnerships with industry, are provided. 

Keywords: Engineering mathematics, NEP 2020, flipped classroom, project-based learning, peer learning, 

blended learning.  

Introduction:  

Why NEP Matters? NEP 2020 calls for a major change in India’s education system, stressing multidisciplinary 

learning, foundational skills, experiential and competency-based methods, flexibility in course choices, and a 

significant role for technology and open educational resources. These principles impact mathematics 

instruction in engineering directly since mathematics is essential for engineering thinking, problem-solving, 

and modeling. To achieve NEP’s aims, engineering mathematics must shift from rote learning to quality based 

student-centered, application-focused, and digitally-enabled teaching. 
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Review of Literature:  

The Flipped Classroom approach significantly enhances student engagement and understanding of complex 

Engineering Mathematics concepts. By reversing traditional learning dynamics, students engage with 

theoretical content outside the classroom, allowing for more interactive and collaborative learning during class 

time. This method has been shown to foster deeper cognitive, emotional, and behavioral engagement among 

students, particularly in STEM fields. Huang, C.-C., & Weng, F. Y. (2025), their findings are, the experimental 

group utilizing the flipped classroom model significantly outperformed the control group in post-test academic 

scores (M=81.47 Vs 74.19, p<0.001). Students in the flipped classroom demonstrated improved learning test, 

autonomy, participation and self-confidence. There was a notable reduction in Mathematics anxiety among 

students in the flipped classroom. Classroom observations indicated higher engagement levels in the flipped 

classroom compared to the traditional instruction.  

Raj, N., Sharma, E., Singh, N., Downs, N., Salmeron, R., & Galligan, L. (2025) found that the flipped-

classroom approach significantly improved first-year engineering students' self-reported confidence, 

competence, and knowledge development in mathematics, indicating enhanced engagement and 

understanding of complex concepts, as evidenced by statistical analysis of survey data. 

Project-based learning (PjBL) and problem-based learning (PBL) significantly enhance student engagement 

and motivation in STEM education by fostering active participation and real-world problem-solving skills. 

Both approaches encourage students to take ownership of their learning, leading to increased intrinsic 

motivation and interest in STEM careers. Hakim, U., Syamsurianti, S., Zaini, S. H., Bahri, A., & Suardi, S. 

(2025) their study found that Project-Based Learning (PjBL) significantly enhanced student engagement and 

character development, while Problem-Based Learning (PBL) led to greater academic achievement. Da Costa, 

L. A., & Reis, M. J. C. S. (2025), in their paper, Project-based learning and problem-based learning enhance 

student engagement and motivation in STEM education by fostering authentic problem-solving, promoting 

collaboration, and providing frequent feedback, leading to greater interest, competence, and persistence. 

The review does not address the specific challenges educators face when implementing these active learning 

methodologies in diverse classroom, long term impact of these techniques which is crucial for understanding 

practical applications. 

 Goals for Engineering Mathematics Education Under NEP  

(i) Foundational competency ensure every engineering student develops strong conceptual numeracy and 

problem-solving skills, beyond just procedural fluency [1].   

(ii) Multidisciplinarity & flexibility: Provide mathematics modules connected to discipline-specific 

problems and electives across areas like data science and numerical methods [2].   

(iii) Learner-centered & active pedagogy: Implement teaching methods that support active learning, higher-

order thinking, and collaboration.  

(iv) Digital & open resources: Build national and local repositories, multimedia content, and assessment 

tools to assist a variety of learners .   
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Current Pedagogical Methods Used in Engineering Mathematics: 

Emphasis shifted to analytical learning using problem sets contextualized within engineering applications, 

enhancing conceptual understanding. Integration of interdisciplinary problems (e.g., applying calculus in fluid 

dynamics) fostered holistic thinking. 

Traditional Lectures with Problem Sessions:   

These remain common in many engineering programs. While lectures are effective for content delivery, they 

often lead to shallow learning and limited transfer to real engineering scenarios. Means minimal practical 

application and passive learning.   

Flipped Classroom:  

Students watch videos or read material before class; class time focuses on problem-solving, discussions, and 

applied activities. Reviews show flipped learning increases engagement and understanding, but issues with 

student preparedness and workload can arise if not structured well. Evidence from case studies supports careful 

implementation with support and clear expectations. 

Project-Based Learning and Problem-Based Learning: 

Incorporating mathematics into projects helps students recognize its relevance, leading to deeper learning and 

retention. Hands-on projects (Models) linking mathematical theory with real-world engineering challenges. 

Explain Difficult concepts through animation. 

Blended and Online Learning (MOOCs, OER, LMS):   

These options gained popularity after the pandemic by offering flexibility. Effectiveness relies on active 

involvement; simply moving lectures online is not enough.   

Active Learning / Peer Instruction / Tutorials:  

Active teaching methods, such as think-pair-share, discussions (critical thinking questionnaires, connecting 

new information to existing knowledge) and peer instruction, consistently improve understanding, one to one 

interaction in Tutorials and providing feedback. 

Computational Labs, Simulation, and Software-Enabled Learning:  

Using tools like MATLAB, GeoGebra, Python, and Mathematica to connect theory with computation is a 

well-established best practice in engineering mathematics.  

These methods were evaluated for their alignment with NEP goals of fostering flexible, experiential, 

interdisciplinary, and inclusive education. 

Examples    

(I) Course-Level Reports: Several studies document successful flipped classroom pilots and other 

activity-based learning in first-year and Second year engineering mathematics, noting increased 

engagement. The following reports mentioned about the process of each activity also provides 

limitations, mitigation plan and improvement in the student’s level of understanding. These reports 

also help the educator about the activity conduction in detail. Flipped classroom Activity and TBLC 
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activity applied for every student. Mathematics Animation project has been given only for advanced 

learners. 

  

a. Flipped classroom Activity Report 
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b. TBLC Activity Report 

  

  

 

  

Mathematics Animation Project (Not established widely): 

The Computational Mathematics using Manim (Math Animation) [14] and Python activity aimed to integrate 

programming with mathematics to enhance visualization, logical thinking, and problem-solving. Students 

learned Python fundamentals, algorithmic thinking, and game development using PyGame, followed by 

creating mathematical animations with Manim. Conducted through interactive seminars and weekly projects, 

the program encouraged teamwork and creativity. Participants gained hands-on experience in coding, 
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graphics, and mathematical modeling, culminating in animated video projects. The activity successfully 

improved students’ understanding of abstract concepts, programming skills, and collaboration. It proved to be 

an engaging and scalable initiative suitable for implementation at college level. 

The students’ projects are available in the following link. 

https://www.youtube.com/@vertex-gdna 

Analysis 

 Active Learning Approach: Implementing an Active Learning approach in teaching methods to 

make mathematics more accessible without losing its rigor. 

 

 

 
 

  

Proposed Pedagogical Innovations   

(i) Competency based micro credentials: 

Break large courses into modules focusing on competencies like calculus foundations and linear algebra and 

offer micro-credentials for mastered skills, aligning with NEP’s flexibility. Implementation should map 

competencies to measurable outcomes.   

(ii)  Work book concept: 

Initiate the preparation of practice problems in worksheet with detailed procedure. Add some case studies to 

compare and study. Also add discussion with peers for their views after studying the particular concept.  

(iii) Integrated Multidisciplinary Projects and Lab-Driven Learning: 

Create semester-long, team-based projects where mathematics is a central tool for tasks such as modeling and 

simulations, aligning with NEP’s focus on experiential learning.  

(iv) Flipped + Mastery Approach: 
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Combine the flipped classroom model with mastery learning through formative quizzes and adaptive practice, 

ensuring students achieve foundational skills before moving forward.   

(v)  Adaptive Learning Systems & AI Tutors: 

Use platforms that adjust problem difficulty and offer targeted support; AI tutors can provide personalized 

hints, promoting fairness and accommodating diverse learning levels.   

(vi) Assessment Reform: 

 Formative, Authentic, and Competency-Based Assessments (for slow learners): -Shift from high-stakes 

exams to multiple low-stakes formative assessments, Align evaluation criteria with learning outcomes.   

(vii)   Data-Driven Pedagogy: 

(a) Leverage learning analytics to improve teaching. (b)Identify at- risk students early and offer remediation 

in foundational mathematics (Slow, Average). 

(vii)  Faculty Development & Communities of Practice: 

Invest in ongoing teacher training in instructional design, digital pedagogy, and assessment methods. 

Recognize and reward teaching innovation.   

(vii) National / Institutional Open Educational Resources and Shared Repositories: 

In line with NEP’s call for digital resources, create organized, peer-reviewed multimedia materials for 

Engineering Mathematics accessible to all institutions.   

A sample of Workbook is as shown below (Problems are taken from Higher engineering mathematics by B.V. 

Ramana) 
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 Future Pedagogical Directions in Engineering Mathematics   

(i) AI-Enabled Adaptive Learning   

(a) Utilize AI-powered platforms to create personalized practice sets, adapt to a student’s pace, and deliver 

immediate feedback.   

(b) Systems such as AI tutors can identify misconceptions in subjects like calculus and provide targeted 

assistance.   

(c)  This approach ensures inclusivity, supporting both slow learners with scaffolding and advanced students 

looking to go beyond the syllabus.   

(ii)  Integration of Mathematics with Multidisciplinary Projects   

 Future teaching will incorporate mathematics into engineering design challenges (Mathematics Faculties 

should be included in the projects from second year onwards) .For example, using differential equations in 

fluid mechanics simulations , linear algebra in robotics/AI/ML/Data science, Graph theory in Networking.  

(iii) Immersive and Visualization Tools   

Use AR and VR to visualize complex concepts like surfaces or vector fields, helping students connect abstract 

math to practical engineering applications.   

(iv)Authentic, Competency-Based Assessment   

(a)Move away from traditional exams for second and higher year from focused on rote learning.   

(b)Future assessments will emphasize:   

     - Mathematical modeling reports    

    - Problems connected to industry scenarios   

(c) Combining automated assessment tools with human grading will ensure fairness  

(v)Collaborative and Peer-Led Learning  

(a)Facilitate learning within peer groups focused on solving open-ended engineering challenges.   
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(b)Peer explanations deepen understanding, aligning with NEP’s goals of collaborative learning.   

(vii) Faculty Development and Pedagogical Scholarship   

(a)Educators will require training not just in mathematics, but also in educational technology and instructional 

design.   

(b)Encourage action research, allowing teachers to study their own practices and share results.   

(c)Institutions should support communities for math educators to grow together.   

(viii)Global and Local Integration   

(a)Future teaching will merge global educational resources with local challenges, focusing on Indian 

engineering problems. Signing MoUs with industry for training them how to use mathematics skills properly 

in the required areas.   

(ix)Sustainability & NEP Vision   

(a)NEP aims for a holistic education. Future mathematics teaching will emphasize:   

    - Critical thinking over memorization   

    - Creativity in using math for design   

- Sustainability through math-driven solutions in areas like climate and health engineering.   

 Challenges and Mitigation Strategies : 

(i) Faculty Workload & Resistance: Address with phased implementation, training, and recognition for efforts.   

(ii)Resource Constraints: Use shared online resources and low-cost computational tools. 

(iii)Assessment Validity: Combine automated assessments with human evaluation; research new assessment 

validity.   

(iv) Ensuring Foundational skills: Require mastery gateways for essential skills during the first year.   

Conclusion   

Aligning engineering mathematics teaching with NEP 2020 demands a systemic shift. We must keep lectures 

to active, competency-based, and digitally-enabled learning that places mathematics in engineering contexts. 

The effectiveness of flipped classrooms, project-based learning, blended approaches, and active pedagogy 

when properly implemented and supported. The future indicates a move toward adaptive AI tutoring, 

competency based micro credentials and significant assessment reform. Institutions need to invest in faculty 

development, infrastructure, and foster a culture that values teaching innovation.   
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