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Abstract

Objectives: This study proposes a comprehensive framework for Research-
based Learning (RBL) that actively engages undergraduate students from
diverse disciplines in collaborative research, and aims to enhance their
problem-solving and research skills. Methods: RBL was introduced in the 2020-
21 curriculum for six engineering branches at Thakur College of Engineering
& Technology (TCET), Mumbai, and was expanded to include three additional
branches in 2023-24. It comprises four courses namely RBL1, RBL2, RBL3, and
RBL4, spanning from the third to the final year. RBL activities were designed
and implemented for over 4,300 students from 2020 to 2024. Findings: The
outcomes of RBL activities were analyzed based on students’ achievements
at the end of each semester. Application of the framework across different
engineering branches for 4 years produced tangible outcomes in the form of
an increase in in-house publications, participation in project competitions, and
improved students’ skills contributing to individual growth and institutional
branding. The number of publications in TCET increased from 133 to 274 from
2022 to 2024. The total prize money received by students through participation
in different project competitions amounted to INR 9.44 lakhs. The effectiveness
of the framework is evaluated through online feedback surveys. A survey of
605 students consisting of 5 questions yielded 87.76% positive responses,
while a survey of 83 teachers consisting of 9 questions showed positive
feedback ranging from 90% to 96.4%. The successful research outcomes and
positive feedback from students and teachers support the implementation of
the framework in other institutions offering degree programs. Novelty: The
RBL framework is integrated into the undergraduate engineering curriculum,
providing time-bound achievements. It offers flexibility for online and offline
use and is scalable for large groups of undergraduate students.
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1 Introduction

Research-based learning (RBL) represents a transformative approach to quality education that incorporates knowledge creation
and innovation in learning. RBL complements learning through active engagement of students for research, fostering critical
thinking, and problem-solving skills, offering new dimensions to understand the academic content. The involvement of students
in the research activities empowers them to explore complex issues, create new insights, and develop the 21st-century skills
necessary for lifelong learning and professional success. This educational approach not only enhances academic rigor but also
cultivates a sense of intellectual curiosity and independence, preparing students to tackle real-world challenges with confidence.
Thus, integrating Research-based learning into the curriculum serves as a catalyst for intellectual growth and contributions to
society.

In response to the evolving demands of industries, the survival of engineering graduates is dependent on the deeper
knowledge of the core subjects with the exploration of real-time problems and finding their possible solutions. Traditional
classroom teaching emphasizes more on lower levels of Bloom’s taxonomy (V). Whereas, RBL facilitates the achievement of higher
levels of Bloom’s taxonomy. RBL is defined as a process of conducting systematic research-oriented activities for participants to
achieve desired research outcomes. This study proposes a framework for RBL to motivate and empower undergraduate students
and faculty for collaborative research based on projects undertaken during the undergraduate course.

Typically, every educational institution engages in R&D activities, but these initiatives are often driven by the interests of
students or faculty members and may serve as part of their professional development. The traditional research approach often
involves a student working under the guidance of a supervisor or mentor ®. This model is predominant in academic programs,
such as master’s or doctoral studies. Adopting undergraduate research (UR) across disciplines is a highly effective pedagogical
strategy. UR involves systematic inquiry or creative work that contributes to knowledge in a student’s field, fostering critical
thinking and enhancing learning. It prepares students for advanced studies and careers by facilitating close collaboration with
faculty mentors and industry experts. However, introducing research at the undergraduate level presents challenges, including
the need for time-bound contributions. Successful implementation requires careful planning, training, mentoring, and ongoing
support.

This paper presents a novel approach focusing on undergraduate research of multiple disciplines under one umbrella. The use
of the framework to implement the RBL curriculum as one of the components of holistic student development (HSD) activity
in a private engineering college is a unique attempt in India®. RBL is not considered a core engineering subject but rather a
distinct component of the curriculum. It fosters essential 21st-century skills among students while actively engaging them in
the course.

This study suggests a framework that helps to streamline R&D activities involving undergraduate students and faculty by
providing a platform for interaction and engagement. Academic institutions offering undergraduate courses can adapt the
framework by customizing its implementation according to their available resources and specific R&D needs. This framework
facilitates the conduct of research activities using appropriate processes producing time-bound research outcomes. Research and
Development (R&D) are crucial for the sustainability and growth of an institution. Meeting specific targets and documenting
achievements in R&D is essential to comply with the requirements of various accreditation and ranking bodies in India.
Participation of students in undergraduate research has the following benefits: 1) Personal and professional growth of student
and faculty. 2) Inculcating problem-solving and critical thinking skills. 3) Preparation of a career for higher education. 4)
Enhancing technical and relatable skills. 5) Clarification for educational goals. All these benefits can be availed by students
through high-quality mentoring by faculty ®.

Before discussing the framework, the background of RBL in the context of India, and other countries across the world is
presented here: Sengupta and Blessinger emphasize that including undergraduate students in research is beneficial for faculty
and students. Unfortunately, collaborating with students for project implementation and measuring their outcomes is difficult in
most of the countries. Their study analyses the undergraduate research experience of faculty in three countries namely, India,
Malaysia, and the Kurdistan region of Iraq. They discuss the results of a survey of faculty members teaching undergraduate
students. The findings of the survey suggest that undergraduate research programs in these countries were limited due to
financial constraints and a lack of support staff®).

The book compiled by Hegde S and Karunasagar I describes case studies and research findings of the experience of authors in
different universities all over the world. Case studies and research models have been shared based on their experience. Various
aspects of their research have been highlighted including: 1) types of undergraduate research, 2) challenges and opportunities
for undergraduate research, 3) preparing students to be employable through developing graduate attributes, 4) strategy for
integrating undergraduate research practices into both the curriculum and co-curriculum, 5) summative assessment of the
undergraduate program or as a means of training young researchers, 6) the investment made by the government in research
in undergraduate courses, 7) professional development opportunities for faculty supervising undergraduate research, 8)
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promotion of research skills by government, 9) best practices for instilling scientific integrity, and 10) recommendations to
support undergraduate research ®.

Available open literature is systematically reviewed and summarized in Table 1. Table 1 summarizes case studies
implementing RBL concepts concerning authors, discipline of students, learning models, research integration, timeline, and
research focus. The learning model here refers to whether the activities are student-centric or teacher-driven. Research
integration means whether research is carried out as part of an academic subject or is considered a separate component in
the curriculum and carries credits. Research-based learning activities are planned and implemented for Biology students, as
stated by Hegde S. & Karunasagar I. and Daryanes E & et al.; Social Science students by Rohani R. et al.; and diverse disciplines
by Hall E. et al. ®>7), Engineering students are involved in research by only two papers, namely Noguez J. et al. and Seifan M.
et al. 9. In the paper authored by Seifan M & et al. RBL is considered a capstone project as a part of a subject®.

Table 1. Comparative Analysis of Literature Based on Case Studies

Reference Discipline of stu- Learning Model Research Integration  Timeline Research Focus
dents

®) Final year students Faculty-driven As a part of the cur- Degree course Learning through a research-
of Biology. riculum (4 hours per based pedagogy program.

week forproject work)

© Prospective teacher A  student-centric  Researchiscarriedout Over asemester  Problem-solving and devel-
students special-  approach as part of the curricu- oping students’  critical
izing in Biology lum in the Learning thinking skills.
Education Media course.
2 28 Social Sciences Faculty- driven The research sub- Notknown To measure critical thinking
students jects were part of the and problem-solving abili-
Seminar  Geography ties using RBL.
Course
@ Undergraduate stu- A blend of both Integrated into the 9-weeks The program emphasizes
dents of Diverse dis-  student-centric curriculum as part of both the research process
ciplines and faculty-driven a structured 9-week and problem-solving. There
approaches. mentored experience. is a strong focus on devel-
oping research methods and
processes to adapt virtual
environments.
®) Computational Faculty driven A research-based ~ One semester (16 ~ Framework for undergradu-
Engineering  stu- model is implemented ~ weeks) ate research is used and RBL
dents for the topics of Data competencies are used and
Science. measured.
©) 51 Undergraduate Student-centered to Engineering capstone Not known UR can be an efficient tool for
students of the promoteproblem- research project teaching andlearning pro-
School of Science solving skills cess.

and Engineering

In the papers authored by Noguez J & et al., Hegde S, Karunasagar I & et al., Rohani R & et al. the research is driven by
Faculty, whereas Seifan M & et al. and Daryanes F & et al. use student-centric approaches for research®-), Hall E & et al. use
a blended learning model based on both student-centric and faculty-driven approaches®. Students are encouraged to take
ownership of their projects and faculty mentors provide guidance and support. Most of the studies state that RBL is integrated
into the curriculum but united into the subject teaching.

The proposed framework follows a blended learning model that considers RBL as a separate course that is mandatory for all
students. Most of the literature indicates that RBL activities are typically conducted for one semester or less. The suggested RBL
framework is developed and tested for 4 Semesters of 15 weeks each. All literature referred focuses mostly on the development
of research skills, critical thinking abilities, and problem-solving skills. Hegde S, Karunasagar I, and Seifan M & et al. consider
RBL as a teaching-learning pedagogy >?). The proposed approach uses RBL not only as a pedagogy but also as a mechanism
to assess and improve the skills of students. They have learned not only from the process but also excelled in the area of their
interest.

All the case studies presented in the literature as per Table 1 focus on problem-solving, critical thinking, and research skills.
There is a need to have a generic framework for undergraduates that can incorporate all skills required for their career growth.
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The suggested framework helps to develop problem-solving, research paper writing, and communication skills, which can
prepare them for higher studies or employment.

This paper is structured as follows: It starts with an introduction to Research-Based Learning (RBL), including background
information and insights from other authors on undergraduate research. Next, it presents the RBL frameworK’s architecture,
components, processes, and features. The results and discussion section highlights findings from applying the framework at
TCET, evaluation criteria, and feedback analysis gathered through surveys. Finally, the conclusion summarizes the research
contributions, outlines limitations, and offers suggestions for future work.

2 Methodology

The proposed RBL framework was introduced in Thakur College of Engineering and Technology (TCET), Mumbai from the
academic year 2012-21 after conferring the autonomous status. RBL 1 has been an important component of the curriculum in
the form of the Holistic Students Development (HSD) teaching scheme with one credit and 50 marks for teamwork including
25 marks for presentation and 25 marks for Report as shown in Figure 1. A similar structure is given for RBL 2, RBL 3, and
RBL 4. Over 4,300 third-year and final-year engineering students participated in RBL activities between 2020 and 2024. Each
semester, RBL outcomes are assessed using several key parameters, including the number of students involved, the number of
in-house and out-house projects, patents filed, consultancy received, student participation in competitions, and publications.
The analysis is done using the RBL activity reports submitted by each department’s RBL coordinators of respective branches.
T.E. Semester —V (Computer Engineering)
Choice Based Credit Grading Scheme with Holistic Student Development(CBCGS- H 2019)

Approved by Board of Studies and Academic Council Under TCET Autonomy Scheme (w. e. £ AY. 2019-20)
(Meeting held on 10 and 20% July 2019 respectively)

Course Description Teaching Scheme (Program Specific) Examination scheme
Modes of Teaching / Learning / Weightage Modes of Continuous Assessment / Evaluation
sr. | Course - Hours Per Week Theory (100) Ly | el
No Code Course Title Credits al %) 25 Toul
~e- Theory Tutorial Practical Contact TA25) ESE(75) PRIOR ™
Hours
1 PCC-CS501 Theory of Computer 3 1 - 4 4 25 75 - 25 125
Science
2 PCC-CS502 | Introduction to 3 1 2 6 5 25 75 25 25 150
Intelligent System
3 PCC-CS503 Software Engineering 3 - 2 5 4 25 75 - 25 125
4 ESC501 Microprocessor 3 - 2 5 4 25 75 25 25 150
5 PEC-CS501X | Professional Elective 1 3 - 2@ 5 4 25 75 - 25 125
6 SB01 Seminar / - - 2 2 1 - - 25 25 50
Workshop*/Professional
Training#
Total 15 2 8+2°=10 27 22 Total marks 725
Course Description Non Credited Mandatory Course
1 | MC501 Indian consiitution 1 | - ‘ - 1 (Z‘\'m'lj Passing is mandatory for this course 25
Credit)
Assessment/Evaluation Scheme
Course Description Teaching scheme (Holistic Student Development - HSD) Presentation Report Term
AC AC Work (30)
1 HSD- Professional Skill 1 - 2 3 2 25 25 50
CSPsS501 V(Industry / Research
/Entrepreneurship)
2 HSD- Project Based Learning - - - 2 2 1 25 25 50
CSPBL301 m
3 HSD- Research Based - - 2 2 1 25 25 50
CSRBL501 Learning-
I/Online/MOOCS
Total 1 - 6 7+1 4 Total marks 150
Total 17 2 14+27=16 33+2%= 26 Grand Total marks: 875
35

Fig 1. Teaching scheme snippet showing RBL 1 as a component of Holistic Student Development (Choice Based Credit Grading Scheme
with Holistic Student Development under TCET Autonomy Syllabus in the Academic Year 2019-20)

Utilizing the RBL framework as a platform empowers both students and teachers to engage collaboratively in research
endeavors within defined time constraints. The teacher will upgrade their domain knowledge and use it for teaching the related
subjects. At the same time, students will benefit from career-building activities designed within the RBL framework. Through
the collaborative efforts of students and faculty, the institute can showcase its research contributions and significantly enhance
its global reputation. The framework will help to achieve the following research objectives:

1. To motivate faculty and undergraduate students for collaborative research.

2. To increase the higher-order thinking skills (HOTS) of students through RBL activities.

3. To provide a conducive environment for research and development.

4. To enhance the quality of the projects through RBL activities to make them useful for industry, government, and society.
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It is challenging to keep all the objectives as targets at the same time, but setting personalized different targets for different
academic years or branches/disciplines enables institutions to provide, effective, and outcome-oriented education that meets
the diverse needs of students and fosters their academic success.

2.1 RBL Framework Architecture

Introducing research at an undergraduate level is challenging but it can be made productive with collaborative and systematic
learning. The suggested RBL framework is an attempt to get research outcomes by planning, conducting, and analyzing research
and development activities for students.

The inception of the framework is a result of a continual strengthening of research-oriented activities over a period of time.
The R&D activities leading to the framework structure include several key initiatives. Initially, R&D activities were promoted
by organizing technical seminars, conferences, and workshops to involve faculty and students in research. Additionally, some
R&D activities were integrated into the free slots of the academic timetable as co-curricular activities to engage undergraduate
engineering students. Later, a concrete structure of the framework was formulated after the formal introduction of RBL in
HSD to ensure time-bound and target-based activities. Leveraging its autonomy, RBL was introduced into the curriculum,
assigning appropriate credits. The framework is continually implemented, tested, and upgraded based on the mapping of
expected outcomes and achieved results.

The proposed framework shown in Figure 2 comprises systematic RBL activities in 4 different semesters with 4 credits giving
different outcomes at the end of each semester. These outcomes for all four RBLs are described below:

RBL 1: Project titles, validated ideas, and feasibility survey, Strength, weaknesses, Opportunities, and Challenges (SWOC)
analysis (A sample outcome of RBL1 project title themes for 2022-23 are given in Table 2).

RBL 2: Blogs, LinkedIn profiles, prototypes, mathematical models, posters, and infographics (A sample poster is shown in
Figure 3).

RBL 3: Potential projects for patents, and industry inputs to improve project quality.

RBL 4: Business Model Canvas, participation certificates of students in different competitions, products useful for industry
and society, publications (A sample Business Model Canvas is shown in Figure 4).

Cumulative efforts done by faculty and students are reflected at the end of RBL4 in terms of outcomes.

RBL 1 Outcomes RBL 2 Outcomes

Domain Knowledge * Blog
* ldea » LinkedIn Profile
* ldea Validation Through * Prototype

Survey » Mathematical Model
= Poster with Survey » Competitive Attitude

Analysis + Research Paper with

Prototype
v dpd';,
&

7N
%, &G/ N

Mapping with
Research Outcomes

Research Paper

RBL 4 Outcomes

« IPR Awareness Canvas

* Industry Linkage * Pitch

- Project Deployment + Input from Industry
and Testing + Competitive Attitude

* Product * Research Paper Partial

* Business Model

Implementation

RBL 3 Outcomes

Fig 2. Framework Architecture
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Table 2. Distribution of Project titles with Themes during the Academic Year 2022-23

Department DEPT DEPT DEPT DEPT DEPT DEPT DEPT DEPT DEPT TOTAL Percent-
1 2 3 4 5 6 7 8 9 age
TV-2035 7 3 11 1 10 11 0 0 0 43 14.78
SIH 2022 12 16 26 3 4 5 7 6 7 86 29.55
Faculty Own Ideas 17 18 8 8 11 0 5 2 74 2543
Student Own Ideas 20 5 9 12 0 16 12 2 81 27.84
Sustainable 0 0 0 0 4 0 0 0 4 1.37

Development Goals
NEP 0
Total 56

42 47

0 0 3
21 34 34

23

[=)
w

291

1.03

Title: An Online Learning Platform

Introduction Literature Survey SW & 1H Model
At the time of COVID - 19 Ging fearn Scaabilty,
e Futurescope o Hiccuvenissand
traditional Educational System T
When? e e ot
s at hal; there s an increasing Pandemic
need of An Online mode of T T T
e Fuuresecpe = ? Cansone s
Education. So, the goal is to Z = Rtz ==
make an casy to use, ]
teaching famiy fas become. of the course il b made avaisble o0 cial | scuntybreach
structured and 2 secured Wetadat epostany f g eryiidiai
ese solal neRVORKIg 206 for MpArIng | KnowedEE maragement o Where?  promotesuch
Online Learning Platform in || iawieage o thew stusens.
‘Coud esed colecive paiors: CombinEd reqrements, perspecives ol earmers and Ecalors
order 1o brigge the gap FutureSecpe o
«AnOnline learing
between the institution and What? Plttorn
the students and thereby
Technologisauch
gMng a rse to Onine L 3,
How? Dlango.bySal cin
Education System. o)

learning platform. This wil

project s friend!

Applications:
Relevance:

The
Education

time ofa
Sector

thereby bridge

the faculties.

SWOC ANALYSIS

Guide Name:

Dr. Rekha Sharma

Asst Professor COMP

Rishabh Shukla

TE-COMP-B-23
7039541574

Shubham Singh

TE-COMP-B-34
9119522636

Cindrella Verma
TE-COMP-B-50

8552900770
Cindrellaverma14@gmailcom

Flow Chart / Design

Fig 3. A sample poster prepared by students for the project Title “An Online Learning Platform”

Bl RaktaSeva - An App for Civilians and Blood Bank

Key Partners s

- Investors

Sponsors

- Blood Denors

- Patients

- Blood Banks

» Hospitals

= NGO/ NPD

= Messaging APl

= Maps API

= Cloud Service
Provider

Key Activities =

« Platform & Technology
development

- Database of registered
civilians

- Separate panel for
requesting Blood banks

+ Admin dashboard
support for maintaining
request and creating
CAMPAIENS

+ Maps AP for locating
blood banks

= Sending messages and
backup via feed 1o
potential donors

Value Propositions =

B2C
Eatients
= 24/7 Request
Suppaort
- Accessibiliny 1o
potential donors
= Free of cost service

Donocs
- Perks
a. By earning
points
b. Concession on
medical
eheckup

Customer Relationships «

+ Ability to conneet

- Blowd availability

+ Perks

» Data confidentiality
+ Self Serviee

» Ease of use

+ Verification

both donors and
blood banks

check through
request

= Verifiable requests.

Key Resources m

- Web App/ Platform

» Blood Donors

+ Blood Banks

= PRf Marketing

= IT Team to manage web
app development and
sustenance

BZB
NGO
= Customized
CHMpAIENS
= Tailoped
advertisements

Channels o

- Digital ad campaigns
» Social awareness

«» Offline advertising
» Kiosk at hospitals
» Donor referral

« Digital Marketing
» Wehsite

campaigns

Cuztomer Segmenis &

BZC
« Fatients
- Regular donors
« Potential new
donors

BZE
= Blood Banks
« Hospitals
» NGO /NFD
« Advertisers

Cost Structure ®
« Servers
+ Databases
+ Messaging AFI
- Maps AFI

» Cloud Servers

Revenue Streams b2

» Publicizing campaign for blood donation drive
+ Advertisements on the Web app

Fig 4. A sample of the Business model Canvas
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2.1.1 Framework Components
RBL framework consists of the following major components:

1) Curriculum

It sets the foundation for planning RBL activities by taking inputs from subject experts. RBL syllabus drives the participants
to carry out time-bound activities and gives credits to the course. RBL objectives for various activities are set in alignment with
the course objectives described in the curriculum.

2) RBL activities

There is a predefined and linked set of R&D activities for RBL as per the curriculum. RBL activities are strategically organized
and conducted, tailored to either online or offline modes, utilizing the institute’s resource availability and aligning closely with
needs and expectations. Every activity is assessed by designed rubrics common for all branches of engineering.

3) Processes

RBL activities should be designed with all potential research outcomes in mind, as the project idea may lead to unexpected
results that cannot be predicted in advance.

4) Emerging Tools and Technologies

Tools and technologies are an inherent part of project development and research. Participants may be trained in emerging
tools by conducting seminars and workshops like Figma for prototyping, Grammarly, Lit-maps, Ref-n-Write, etc. for research
paper writing.

5) Project Development

The project development process includes initiating the project by setting objectives, feasibility assessment, planning and
scheduling, resource acquisition, task execution, monitoring progress to manage changes, and closing the project by evaluating
results, and documentation. This approach ensures the project is completed on time and meets quality standards.

6) Research Outcomes

Research outcomes are the ultimate entities desired by participants for the benefit of the institute, industry, and society as
a whole. Research outcomes of the framework can be given as follows: 1) Knowledge base for faculty and students, 2) skills
acquired by students, 3) Research Publications, 4) Startups, 5) Academia-Industry Collaborations, 6) Patents, 7) Consultancy,
8) Technology transfer, 9) Products Useful for Industry, 10) In house or Industry Products, 11) Research grant, 12) Recognition
in terms of awards.

7) Feedback

Regular qualitative and quantitative feedback is taken every semester from stakeholders and planning, design, and
implementation are updated in the next cycle accordingly.

Additionally, participants in RBL activity, mentors, and infrastructure are an inherent part of the framework.

8) Participants

Students and faculty, coming from diversified cultural backgrounds, work together as a team to conduct RBL activities.
Subject experts from industries and funding organizations give inputs and provide resources for the successful completion of
projects.

9) Mentors

Mentors play an important role in the conduct of RBL activities. Their expertise, regular guidance, involvement,
coordination, and availability are suggested for the implementation of projects.

10) Infrastructure and Resources

Itincludes classrooms, laboratories, hardware, software, and other resources provided by the institute and R&D organizations
which are required for creating a platform for interactions and creating an environment for research.

2.1.2 RBL Activity Processes
Every project starts with an idea and problem statement formation. At the initial stage, research outcomes cannot be figured
out. When a certain level of implementation and prototype is completed, it can be aligned with a specific outcome. After the
identification of expected outcomes, a different process is to be followed for every type of project. Describing the process for
each research outcome is beyond the scope of this study. As an example, let us consider research paper writing activity for
the outcome of research publication. A research paper consists of various sections like title, abstract, keywords, introduction,
literature survey, methodology, results and discussions, conclusion, future work, and references. Guidance is provided to the
students for writing a technical paper based on their project and publishing it in journals or conferences. As an example, the
set of steps given to write an abstract of a research paper is shown in Table 3.

The above guidelines are given to the students for writing the abstract which is just one part of the research paper writing
process for the research outcome as publication. Presentations are given by the coordinator or assigned resource person for
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Table 3. Steps of Writing the Abstract of a Research Paper

Step 1 Start writing the abstract after writing of manuscript of a paper is completed.

Step 2 Select the major objectives/hypotheses and deductions from the introduction and conclusion sections of the research paper.
Step 3 Select key sentences and phrases from your methodology section.

Step 4 Identify the major results from your results section.

Step 5 Now, arrange the sentences selected in steps 2, 3, and 4 into a single paragraph in the following sequence: Introduction,

Methods, Results, and Conclusions.

Step 6 Make sure that this paragraph does not contain new information that is not present in the paper, undefined abbreviations, a
discussion of previous literature or reference citations, and unnecessary details about the methods used.

Step 7 Remove all extra information (refer to step 6) and then link your sentences to ensure smooth information flows, preferably
in the following order: purpose; basic study design, methodology, and techniques used; major findings; summary of your
interpretations, conclusions, and implications.

Step 8 Confirm that there is consistency between the information presented in the abstract and the paper.
Step 9 Ask a colleague to review the abstract and check if the purpose, methods, and conclusions of the study are clearly stated.
Step 10 Check if the final abstract meets the guidelines of the targeted journal (word limit, reccommended subheadings) as every

journal uses a different template for their research papers.

guidance about technical paper writing based on their own experience. Guidance is provided about writing title, abstract,
introduction, methodology, results and discussions, conclusion, future work, and references. Students were given awareness
of Indexing, type of journals, research methodologies, etc. Similarly, other processes are tailored for different types of research
outcomes.

The framework is flexible, and scalable to accommodate different types of activities. It is an incremental model since the
scope can be broadened to include different activities and adjust the number of credits for the course. The framework is an
iterative model that gets maturity after upgrading knowledge in different cycles and students’ batches. Expected outcomes and
targets can be redefined in the next cycle. If there is a gap in the conduct of RBL for any semester, it can be filled in the next
RBL. The RBL course design presently used in the institute is given in Table 4.

Table 4. RBL Course Design

Parameter Value

Duration 4 semesters, 30 hours in each semester for instruction and evaluation
Participants All TE (RBL1, RBL2) and BE (RBL3, RBL4) students of all branches

Credits One credit in each semester - Total 4 credits

Evaluation The same set of rubrics for all branches

Platform Online and/or offline as per the need for activities or availability of resources
Mode of conduct Individuals and Groups as per the activity requirements

Frequency of Meetings with Mentors ~ Weekly or more based on the needs and requirements for guidance.

2.2 Application of the Framework

The following set of steps describes how to use the RBL framework:

1. Defining: Define the RBL activities based on the curriculum of RBL 1, RBL 2, RBL 3, and RBL 4 in semesters V, VI, VII,
and VIII respectively.

2. Planning and scheduling: Plan and schedule the activities based on inputs received from stakeholders (faculty and
students).

3. Training: Conduct training programs for faculty mentors and coordinators before the commencement of a semester.

4. Define Outcome and Targets: Define the expected research outcomes and targets appropriate as per the discipline and
institute R & D requirements.

5. Conduct: Focus on the project ideas and conduct the set of activities customized as per the different branches of
engineering.

6. Assessment: Assess the research outcomes of different RBL activities every semester.

7. Analysis: Collate the findings of various research outcomes and compare them with the set targets.
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8. Review: If the expectations are met, share the experience and good practices among other branches or streams and set
new targets.

9. Redefine: Otherwise, analyze the gaps and redefine the activities for the next cycle or increase the effectiveness of activity
conduction.

10. Refinement: Steps 1 to 9 are repeated every semester based on feedback and achieved outcomes.

A diagrammatic representation of the above steps is given in Figure 5. A few activities like the creation of a LinkedIn profile
and participation in various coding competitions are evaluated individually for each student, whereas project demonstrations
and presentations are assessed for teams of 2 to 4 students.

Planning (Defining Schedule &
Targets)

¥

REL Orientation & Training

b

RBL Project Title Finalization

* Redefine RBL
Execution of RBL Activities Activities based
* on feedback

Evaluation Using Activity T

Rubrics

+

Review of Achievermnents with
Defined Targets

1

Devise Strategy
for Improvement

If the targets are
achieved?

Sharing of Best Practices

Amaong Different Branches

Fig 5. Flowchart for using RBL framework

2.3 Features of the Framework

The framework activities are refined based on its application and learning experience. The framework has the following features:
1. It is an iterative model that works as a guiding force for R&D activities.
2. It has the flexibility to update or enhance activities or processes to achieve desired outcomes based on time constraints.
3. The activity conduct can be customized based on online and offline modes.
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4. The outcomes are assured based on the effort and sincerity of participants involved in the process and the high level of
mentor guidance ?-

5. The use of the framework enhances various skills among students like, problem-solving, research analytical, creative
thinking, etc.

6. It tries to balance student-centric and teacher-centric problem definitions or research problems (A ratio of 70:30 is
targeted). This allows a blended mode of learning as suggested by Hall E & et al ®.

7. It is inclusive to allow the participation of all students. A student can work as a presenter, team leader or member, and
learner for different types of activities.

8. It allows to work all researchers together on a single platform.

9. Continuous feedback taken from various stakeholders improves the conduct of activities.

Table 5 represents a comparative analysis of the referenced literature focusing on the methodology adopted for RBL.
It explores different researchmethodologies, highlights prevalent gaps or challenges in the existing literature, and discusses
features of the proposed RBL framework addressing the challenges.

The papers by Hegde S & Karunasagar I suggest a six-step pedagogy to conduct the experiment involving 44 students,
10 teachers, and 10 scientists, which was validated by collecting qualitative and quantitative feedback from students ©), Their
major dissatisfaction was related to a lack of available time, supervisor competency, technical support, and funding. The RBL
framework proposed in this paper is used for 4311 engineering students by providing a slot of 2 hours per week for interaction
between teachers and students. Their mentors are given training by resource persons with suitable expertise in the subject. The
institute provides technical support and other resources as per the needs and project requirements through the R & D cell, and
institute-level or department-level funding. The effectiveness is tested through feedback taken from students and faculty.

Rohani R & et al. discuss three models as described in Table 5 for the implementation of research-based projects as part of
their academic course, social science. Their focus is increasing student engagement in research”). The proposed framework
and its activities are mandatory for students of all branches of engineering as part of Holistic Student Development in the

curriculum. The focus is measuring the research outcomes after the implementation.

Table 5. Methodology-based Comparative Analysis of Literature

Ref. No. Methodology Gaps and Challenges Features of Proposed Framework

©) A six-step pedagogy is suggested com-  Students expressed dissatisfaction The framework is applied to more than
prised of inspiring, ideating, action, mainly due to limited time, supervi- 4300 engineering students using 10 step
refining, reporting, and rewarding. sor competency, technical support, process described in section 2.2. 83
Qualitative and quantitative student and funding, with input collected teachersand 605 students were involved
feedback was collected. from 44 students, 10 teachers, and in the Feedback.

10 scientists.

@) Discusses 3 models: 1) Allow the stu- RBL was part of the academic course ~ RBL was implemented as a mandatory
dents to select the research problem, (social science). The focus is on course as a part of HSD in the curricu-
content, or process. 2) Suggests eight increasing student engagement in lum. The focus is more on measuring
8 different approaches for continual research. research outcomes.
refinement 3) Provides independence
based on the level of maturity.

®)

(10)

This paper describes 4 phases: 1) Diag-
nosis of RBL competencies of students
2) Presentation on research methodol-
ogy by the teacher 3) Design of a mono-
graph by the students and 4) Prepara-
tion of a research project by the stu-
dents.

The primary goal of undergradu-
ate research is to teach students for
research and to develop necessary
skills that can be applied outside of the
academic setting.

RBL is experimented with for one
specific topic of data science. Stu-
dents skills are analysed and trained
to make them competent for scien-
tific paper writing.

The challenges facing healthcare
students’ involvement in research
are identified as lack of knowl-
edge, skills, training, interest, and
resources.

The proposed generic framework and its
application process covers the activities
as mentioned in Figure 2.

The mentors are trained for RBL activi-
ties. The proposed framework supports
all 8 recommendations given in the
paper 10,

Continued on next page
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Table 5 continued

(€3]

(12)

A framework for challenge-based
learning (CBL) is suggested. It focuses
on open-ended, real-life problems
thereby leading to self-learning.

Focused on mentorship models that
can be used in a virtual environ-
ment involving different teachers and
alumni.

The CRAFTS framework presents an
evidence-based approach to encourage
learner-generated content. The appli-
cation of the framework supports stu-
dents’” academic performance through
interaction and engagement.

Outcomes are measured by inter-
viewing 8 interested teachers who
were experimenting with CBL.
Additionally, direct outcomes are
partially discussed.

Virtual mode of learning may not
be effective for all branches (such as
Civil and Mechanical).

The CRAFTS framework is tested
for a 5-year tertiary course in health
science and medicine subject. This
framework embeds the activities to
the individual learner.

Students receive mentorship through a
systematic process that measures tangi-
ble outcomes and evaluates effectiveness
based on feedback from both students
and faculty.

The suggested framework uses blended
mode of learning.

The framework is applied for engineer-
ing students focusing on research skills,
and problem-solving. It provides plat-
forms for Student-teacher interaction
and improves their performance.

Noguez J. & et al. describe four phases of research project implementation for a specific topic of data science. Students are
trained for scientific paper writing and their RBL competencies are measured through evaluation rubrics®. The proposed
framework is generic and adaptable which follows a similar approach covering more sets of activities as described in Figure 2.
Research paper writing is one part of it. It also uses the evaluation using rubrics as shown in Table 6.

Table 6. Rubrics for Research Paper Writing

Evaluation Excellent Very Good Good Average
parameters / Marks 20 Marks 15 Marks 10 Marks 5 Marks
Identification of Selected the latest problem  Selected latest problem Selected matured prob- The selected problem is
the problem and its most relevant to society lem very old
analysis
Design /Algorithm  Algorithm/design is inno-  The algorithm/design is  Traditional design /algo-  Traditional design /algo-
Feasibility study vative and uses software copied from the refer- rithm minimum usage rithm. A feasibility study
tools for designing /draw- ence paper Feasibility —of new tools for draw- is absent Plagiarism
ing Feasibility studies cover ~ study covers the major- ing A feasibility study is more than 50%
all aspects Plagiarism less ity of aspects Plagiarism  restricted to one param-
than 10% 11% to 30% eter only Plagiarism 31%
to 50%
Teamwork Diverse talents are present Theteamisconcentrated Team members are Team members are

Presentation and
quality of paper

Quality of reference
to support the idea

in teams with different skill
sets which can contribute
to the holistic development
of idea

Use of multimedia tools for
presentation/writing  Use
of professional language
in writing technical arti-
cles/papers/short  papers
etc.

Sufficient Use of standard
references (More than 25)

on only one type of skill
set

Use of multimedia tools
for presentation. Use of
error-free language

Moderate use of Refer-
ences (In between 15 to
24)

not contributing much
to the multifaceted
development of the idea

The paper has moderate
corrections of grammar
and language

Less number of refer-
ences (Less than 15

passive only one person
makes some efforts

Lots of errors in the writ-
ing

No standard reference

Adebisi Y A focuses on the development of necessary skills for undergraduate healthcare students that can be applied outside
of academic settings. It suggests eight reccommendations to involve students in research (1), Helker K & et al. suggest a framework
for Challenge Based Learning (CBL) which focuses on self-learning and development of disciplinary and trans-disciplinary
skills among students. Outcomes are measured by collecting feedback from 8 teachers who were interested in the research
experiment and experimenting with CBL!)). Student’s point of view is equally important as they are the ones who will be
affected by experiments. The suggested framework attempts to guide the students throughout the design and development of
the project and provides a platform suitable for interaction.
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Hall E & et al. focus on mentorship models that can be used in a virtual environment involving different teachers and alumni.
Virtual mode of learning may not be effective for all branches of engineering. The proposed framework is used for a blended
mode of learning, online and offline, both modes are tried and tested. However, a higher level of mentoring by teachers and
alumni will help in achieving target outcomes ®.

Moro, C. & et al. present the CRAFTS (Create, Relevant, Accessible, Fun, Tailored and Scholarly activities) framework for
health science students which is an evidence-based approach for individual learners!?). The proposed framework focuses on
building research skills in engineering students both at the individual level as well as team activities.

The comparisons drawn highlight that the proposed RBL framework not only incorporates the ideas from related literature
but also provides new dimensions to research in terms of a variety of time-bound activities and scalability, adding to its novelty.

3 Results and Discussion

The framework proposed in the paper is effectively implemented at TCET from 2020-21 to 2023-24 for 4 years in 3 student
batches as shown in Table 7. A procedure to use the framework is given by a flowchart as shown in Figure 5. Various activities
were planned for RBL as suggested in the framework architecture shown in Figure 2. Implementation steps followed to test the
framework are given below:

1. Initially RBL activities planned were prepared for offline delivery but due to the COVID-19 pandemic, they were
implemented in online mode®. All activities can be carried out online, offline, or in a hybrid mode.

2. Project ideas from emerging trends aligned with TV2035, NEP 2020, SIH, and other national initiatives are selected by
faculty and students.

3. The framework is applied initially for 6 different branches of TCET namely Computer Engineering, Information
Technology, Electronics and Telecommunication Engineering, Electronics Engineering, Mechanical Engineering, and Civil
Engineering. Later the usage of the framework was extended to Artificial Intelligence & Data Science, Artificial Intelligence
& Machine learning, and Internet of Things branches.

4. Systematic planning and orientations were given before starting a new semester by preparing the schedule and assigning
faculty responsibilities.

5. Activities are fairly assessed based on rubrics prepared to evaluate every activity. For example, research paper writing was
assessed based on 5 parameters for evaluation as shown in Table 6. The parameter used for evaluation is a) Organization of
Content, b) Grammar and Format, ¢) Design and Implementation, d) Presentation and Team Work, e) Quality of Publication.

6. Assignments are given in the form of quizzes, presentations, and reports using Google Classroom.

Table 7. Execution of RBL course for 4 years considering 3 batches of students from 2020-21 to 2023-24

Academic Year 2020-21 2021-22 2022-23 2023-24
Semester odd even odd even odd even odd even
RBL 1 RBL 2 RBL 3 RBL 4
Student Batch 1
(TE) (BE)
RBL 1 RBL 2 RBL 3 RBL 4
Student Batch 2
(TE) (BE)
RBL 1 RBL 2 RBL 3 RBL 4
Student Batch 3
(TE) (BE)

This framework is used to conduct RBL activities for a total of 4311 students of TCET from the academic year 2020-21
to 2023-24 as shown in Figure 6 using the process described in Figure 5. On a sample basis, one department’s outcomes are
analyzed as follows: In the first batch of RBL 1, for DEPT1, apart from the project ideas from faculty and students, industry
problems, problem definitions of National-level project competitions like Smart India Hackathon (SIH), etc. were selected to
experience a competitive environment. This strategy continued in subsequent years. The first batch participation analysis for
DEPT 1 in the third year (RBL 1 and RBL2) and final year (RBL3 and RBL4) of engineering are given in Figure 7. It indicates
that the total number of students ranged from 154 to 156, with projects assigned varying between 49 and 52. There is a variation
in the number of students in one class since some students get a drop due to ATKT and some students of the previous batch get
added to the class. Every group was given 1 mentor as a faculty. In RBL 4, a total of 20 faculty were assigned 2 to 3 projects for
mentoring.

RBL outcomes for batch 2020-21 for DEPT1 were measured in terms of industry-collaborated projects, publications,
consultancy, and students’ participation in in-house and out-house competitions. Efforts by faculty and the application of
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Year-wise Student Participation
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Fig 6. Student’s participation in RBL activities in TCET from year 2020 to 2024
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Fig 7. RBL participation Analysis for DEPT 1

acquired knowledge by students during RBL1, RBL2, and RBL3 have a cumulative effect after RBL4. Outcomes at the end of RBL
4 (year 2021-22) for 154 students doing 49 projects were as follows: There was one outhouse project, one project having received
a consultancy of Rs.1 lakh from Industry. Two projects were used by the training and placement cell of the institute itself (in-
house project). Three project groups were winners at the department-level project competition and three project groups were
winners, at the institute level. 36 Groups have shown the outcome in terms of in-house publications. The remaining 3 project
groups could not achieve satisfactory outcomes. A total of 93.87 percent (46 out of 49) have demonstrated significant outcomes
for the first batch. In addition to internal participation in various competitions, more than 21 students participated individually
or as a team in various outhouse project competitions, paper presentations, project exhibitions, coding challenges, and domain
activities. All these outcomes were possible since they got a chance to present themselves on various platforms. Additionally,
the input received from faculty, industry experts, and academicians helped them to improve the quality of their projects.

Although patent awareness seminars are conducted for each batch of students, the results have been underwhelming. In
2022, a single German patent was granted, credited to a faculty member from DEPT1 and three students. This indicates a need
for more significant efforts to boost innovation and patent generation. As an outcome of industry linkage activity, some project
groups worked on Industry-driven problem statements. Table 8 shows that the number of out-house projects increased from 8
in 2021-22 to 29 in 2023-24. Students worked on industry-based real-life projects.

https://www.indjst.org/ 4237


https://www.indjst.org/

Sharma & Sharma / Indian Journal of Science and Technology 2024;17(40):4225-4242

Table 8. Out-house Projects of DEPT1

Year Out-house projects  Total Projects Percentage of Out-house Projects
2021-22 8 56 14.28 %

2022-23 21 70 30 %

2023-24 29 63 46 %

Analyzing the outcomes of all branches, one of the major outcomes across different departments was research paper
publications in in-house conferences as shown in Figure 8. Three departments were established in the academic year 2021-
22, and their first batch of BE passed out in 2024. Therefore, their previous data is not available for comparison. For DEPT
1, the number of publications increases in the academic year 2022-23 from 36 to 58 due to the addition of one more division
consisting of 60 students. Change in the number of publications in the academic year 2022-23 and 2023-24 is marginal. DEPT5
and DEPT6 have a lesser number of projects in the academic year 2023-24 as compared to the academic year 2022-23. One
important factor affecting this count is groups per project. Publications are group-wise and each group may have 2, 3, or 4
students groups per project. The no of publications increased from 133 to 274 from 2022 to 2024 as shown in Figure 9. Before
the implementation of RBL, the publication counts were lower in the years preceding 2019 since only a few interested students
published their papers.
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Fig 9. Total Count of Publications in TCET
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Students of all branches in various teams have participated at different institute levels, state, national, and international levels.
Compilation of data of all students is difficult. A few students have received appreciation in the form of prize money. Statistics
of students’ selection in project competitions and their prize money received are visually represented in Figure 10. The total
grant received is Rupees 9.44 lakhs from 2019 to 2023. It can be observed from Table 2 that project title themes based on STH
2022 are 29.55% which is the maximum. Although, the problem statements were different from their RBL projects. They were
encouraged to participate in competitions by their mentors by giving marks as per their level of participation. The institute also
supported them by providing the necessary resources.

Year-wise No. of Teams & Total Prize Money
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Fig 10. Year-wise Prize Money from Project Competitions at the State and National Level

One of the important components of the framework is the regular feedback from various stakeholders which plays an
important role in planning the activities in the next cycle. It has been taken by conducting online surveys. Feedback is taken
from stakeholders including Faculty and students. The purpose of the surveys was to assess the acceptance of the RBL framework
among students and teachers. The following questionnaire is used to assess the acceptance of the RBL framework among faculty:

Q1. Do you think Research activities can be initiated at the UG level?

Q2. Do you think Research activities are to be done along with the subject teaching or as part of holistic student development?

Q3. Do you think RBL activities help engage students in research?

Q4. Do you think RBL activities are helpful for student’s participation in outside competitions?

Q5. Do you think RBL activities are helpful for the students going for higher studies?

Q6. Do you think RBL activities Rubrics are appropriate and helpful for Evaluations?

Q7. Do you think RBL activities are helpful for research collaborations?

Q8. Suggest activities to improve the student-faculty Publications in good quality Journals and conferences.

Q9. What activities can be added for the improvement of RBL activities?

Q10. Any suggestions for improvement in the conduct of RBL activities?

A total of 83 faculty responded to the feedback survey consisting of 9 close-ended questions and one open-ended question.
Out of these, one adjunct professor, three professors, nine associate professors, and seventy assistant professors responded for
feedback. 72 faculty were RBL guides and 11 of them were not RBL guides out of 83 faculties. 23 faculty were RBL coordinators
60 were not RBL coordinators, but they were mentors. A comprehensive analysis of the respondents is as follows:

« 94% supported conducting research activities at the undergraduate level.

o 49.4% favored integrating research into subject teaching, 42.2% preferred separate holistic student development activities
and 8.4% opposed both options.

o 94% supported RBL activities for student engagement in research.

e 95.2% believed RBL activities aid participation in external competitions.

o 91.6% felt RBL activities benefit students pursuing higher studies.

o 96.4% agreed that the suggested rubrics were helpful for evaluations.

« 90% thought RBL activities promote research collaborations.
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In conclusion, the response from the faculty is positive as positive responses were in the range of 90% to 96.4 % with some
suggestions for improvement. Faculty suggestions for improving RBL activities include 1) Organization of competitions, 2)
Activities for industry interaction, and collaborations, 3) Recognition and incentives, 4) Technology Integration, 5) Sessions by
industry experts, and 6) Research collaborations. Faculty also suggested improvements in terms of structured faculty guidance,
improved interaction between students and faculty, interdisciplinary research projects, funding support, etc.

Meanwhile, to check the acceptance of the RBL framework among students, a survey consisting of 5 questions was conducted
in which 605 students of all 9 branches participated. Their responses are given in Table 9. Results demonstrate that positive
responses were 90% or above except for question 4. Question 4 was about the need for a dedicated slot for one-to-one interaction
or evaluation in the academic timetable for RBL to which 73.6% of students responded positively.

Table 9. Survey questionnaire for students’ feedback and their responses

Questions Positive
Responses

Q1. Do you think the activities conducted under RBL were helpful in the development of the project? 92.1%

Q2. Do you think RBL is useful to improve your Publications in Conference/ Journal 93.4%

Q3. Do you think the activities conducted will help you in the future when you join the industry? 89.6%

Q4. RBL in this semester was conducted in the first week, and evaluations were taken during the semester. Do you think ~ 73.6%
there is requirement of a slot in the time table to improve the productivity?

Q5. Do you think RBL activities are helpful in the improvement of verbal and written communication skills? 90.1%

RBL framework nurtures students’ intellectual growth. Students are being assessed based on their participation levels,
categorized as institute level, university level, state level, national level, and international level. A team of students of DEPT1 from
the 2020-23 batch selected a problem statement in collaboration with an organization dealing with IoT (Internet Of Things)
technologies. Students participated in a project competition based on their RBL project entitled “Asset Monitoring System using
Battery Operated and Wi-Fi Enabled Temperature and Humidity Sensor”. The student team was honored with a bronze medal
at the university-level project competition-17'" Aavishkar Research Convention organized by the University of Mumbai, and
a gold medal and certificate at the state level. In the same year, TCET received the Trophy for the Zonal Championship and
overall Championship in the Engineering and Technology category. Students’ journey from the inception of an idea to the
delivery of a product has made them learn a lot and improve their research skills. Students from various branches have many
such achievements every year. This complements the effort made towards the planning and conduct of RBL activities.

Opverall, the RBL framework and its activities have significantly enhanced undergraduate research, leading to a higher
number of publications and improved student research skills. These skills include presentation and communication skills, design
thinking, problem-solving, and analytical skills. This has resulted in high-quality projects that benefit students, teachers, the
institute, industry, and society as a whole.

This study aimed to assess the following outcomes as per defined objectives:

o Collaborative efforts involving more than 4,300 students and their mentors can be visualized by their total publications
of 648 papers as shown in Figure 9.

o RBL activities given in the framework involve teamwork and contribute to the development of higher-order thinking skills
such as problem-solving skills which are difficult to achieve through academic subjects.

o Conducting seminars, workshops, internal conferences, and institute infrastructure and support contribute to a conducive
environment for learning and research.

« Enhancement of the quality of projects can be visualized by getting the project outcomes as discussed in the result section
in terms of industry collaborations, publications, and student participation in various competitions organized by industry
and government.

Acquiring research skills is a challenge at the undergraduate level. However, this has been effectively addressed through the
application of the RBL framework, enabling the attainment of specific research outcomes. Students learn not just from achieving
outcomes but also from engaging in the RBL process itself. RBL at the undergraduate level helps students in their higher studies
and professional lives®.

A significant increase in the number of publications is noted over the years. Figure 9 indicates that in-house publications
increased from 133in A.Y. 2021-22 to 241 in A.Y. 2022-23, further climbing to 274 in A.Y. 2023-24. Online surveys from students
resulted in 87.76% positive responses and teachers’ survey resulted in positive responses in the range of 90% to 96.4%. The
positive responses of Student and Teacher feedback analysis show the acceptance of the RBL Framework among them. Students’
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problem-solving abilities, communication skills, and research paper writing skills have improved as a result of participation in
RBL activities.

Publications can be analyzed using a model similar to the adaptive learning framework as suggested in the review paper
by Martin F et al.'®). Further student’s problem-solving skills and critical thinking skills can be measured with the help of
instruments and critical thinking indicators like Pretest, Posttest, Gain, and N-Gain as suggested by Rohani R et al.”

Active participation of undergraduate students in research is important to develop skills that influence the growth of students
directly or indirectly and focus on the research process rather than research content. The student’s critical thinking abilities can
be increased through the ‘Student as researcher’ strategy ©. RBL is considered a multi-faced learning '¥). It concludes that RBL
can be implemented properly in three ways, namely RBL as a method, RBL development, and integration of RBL in learning.
Hensel and Blessinger recommend developing a community of practice that will allow professors to share their experiences
and best practices. Knowledge creation and innovation are the key factors instrumental in the growth of the economy as per
National Education Policy Guidelines -2019 (1),

4 Conclusion

This study presents a Research-based Learning (RBL) framework covering RBL activities for undergraduate engineering
students in the post-COVID-19 Indian scenario. Implementation for every batch is done for 4 semesters for five years from
2020-21 to 2023-24. The framework activities are refined based on experience and feedback. Rubrics are developed for the
assessment of activities to achieve research outcomes. Regular feedback taken from various stakeholders is used to refine the
framework activities. Results of the application of the framework demonstrate an improvement in various outcomes such as
publications. The other research outcomes for students of all branches still needs an investigation.

The major research contributions of this paper are 1) Proposal of a comprehensive RBL framework to elevate undergraduate
research. 2) Present a unique methodology to apply the framework integrating student-centric and teacher-driven problem
statements implementing time-bound activities for effective execution. 3) Testable application of the framework for engineering
undergraduate courses of different branches of Engineering. 4) Assessment of tangible research outcomes in the form of
publications, consultancy, research grants, etc., and 5) Validation of acceptance of RBL framework through stakeholder feedback
responses.

The limitations of this study are as follows: 1) All data presented in the paper is based on the RBL report submitted by RBL
coordinators of each department. Apart from publications, the other outcomes still require further exploration. 2) Varying
project group size per project makes the comparative analysis for publications difficult across different departments. 3) The
feedback for RBL is collected from participants and mentors. However, responses from alumni could also be collected to better
assess the course’s impact on students’ employability and satisfaction.

Results shown in this study are of in-house research paper publications as a direct assessment of RBL activities. Future studies
may focus on the publication of papers in national and international journals and conferences. In the future, it will be possible
to measure various research outcomes and the 21st-century skills developed by students through structured assessments. One
effective method for evaluating the impact of research-based learning (RBL) activities on professional careers is to engage with
alumni. This interaction can provide valuable insights into how these experiences of RBL activities have influenced their career
trajectories.

Additionally, analyzing the benefits of undergraduate research and the effects of funding from industries and government
sources will contribute to a deeper understanding of RBLs impact. While the current framework has been applied within a
private engineering college, it can be adapted for degree and management programs by customizing the associated activities.
The framework’s scalability and iterative design allow for tailored implementations that meet the specific needs of various
educational contexts.
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