
Roadmap to inclusive curriculum: a step towards 
Multidisciplinary Engineering Education for 
holistic development

Abstract : One of the key aspects to measure the 
prosperity of any nation in this global economy can be 
its leadership in technology & innovation. 
Engineering is applied everywhere; from the design 
and development of novel products and processes to 
providing solutions to complex challenges. 
Engineering education is therefore of key significance 
to a growing economy. With a prime focus on 
improving qual i ty  and provid ing  hol i s t i c 
development of learners, developments are taking 
place worldwide in Engineering education & 
research. The term 'learners' indicate students and has 
been used interchangeably in the entire script.

 Purpose: National Education Policy 2020 of the 
Government of India proposed reforms to the existing 
education framework of the country and emphasized 
on introducing multidisciplinary undergraduate 
programmes with multiple exit options. This study 
proposes an inclusive curriculum with different 
course types from multiple disciplines for an 

undergraduate  engineering programme and 
articulates the relevance of the framework to foster 
holistic development. 

 Research Methodology: The study incorporates a 
structured design approach where inputs from senior 
leaders of 60 Universities offering undergraduate 
programmes formed the basis of the preliminary 
work. The academic framework was designed under 
the regulations and guidelines of the statutory body 
for  t echnica l  programmes .  On successfu l 
implementation, a research instrument was 
administered to a cohort  of learners of an 
undergraduate engineering programme, and the data 
collected was then analysed. 

 Findings: From the findings, we infer that a 
multidisciplinary engineering programme would 
enhance research skills and enable the learners to self-
manage to a great extent along with developing their 
critical thinking skills. The results are statistically 
significant with p<0.05.

 Implications of the Study: This study would help 
Universities and Higher Education Institutions to 
explore the possibilities of provisioning courses from 
diversified disciplines in an Engineering curriculum 
to promote multi-disciplinarity. The findings from the 
study would be beneficial to the learners to realize the 
potential of multidisciplinary education and 
accordingly pursue their career aspirations. The study 

Journal of Engineering Education Transformations , 
Volume 36 , No. 3 , January 2023 , ISSN 2349-2473, eISSN 2394-1707

Balvinder Shukla , K.M. Soni , R. Sujatha , Nitasha Hasteer1 2 3 4

1, 2, 3, 4Amity University Uttar Pradesh, Noida, India  
bshukla@amity.edu 1

 kmsoni@yahoo.com 2

rsujatha@amity.edu  3

nitasha78@gmail.com4

Nitasha Hasteer
Amity University Uttar Pradesh, Noida, India  
nitasha78@gmail.com

10.16920/jeet/2023/v36i3/23105

mailto:bshukla@amity.edu
mailto:kmsoni@yahoo.com
mailto:rsujatha@amity.edu
mailto:nitasha78@gmail.com
mailto:nitasha78@gmail.com


provides an insight into competencies to be developed 
through the framework of a four-year undergraduate 
engineering programme thereby enabling Industry 
practitioners to reorient the job roles that thrive in the 
future. 

Keywords: Multidisciplinary Education; academic 
curriculum; holist ic education; Engineering 
Framework; Learners.

1.  Introduction

 Higher Education is instrumental in bringing about 
change in society and accelerating the development of 
a nation. Apart from bringing in economic benefits, 
higher education results in the personal development 
of an individual by providing career opportunities. 
The significance of quality higher education is 
manifold for any Nation that strives to compete in a 
globalized economy. Indian Higher Education System 
has undergone huge expansion in the last decade and 
is today one of the largest in the World (Nigam, et al., 
2020). This system though colossal faces challenges 
in terms of a huge dearth of skilled resources, 
redundancy, inadequate funds, and less focus on 
learning outcomes. The current scenario of Education 
is that non-professional education has taken a back 
seat (Choudhury, 2021). In contemporary times the 
focus of multidisciplinary education was in place in 
India and the concept was deeply embedded. 
Takshashila, Nalanda, Vikramshila, and Vallabhi were 
World-class institutions of ancient India which had set 
the highest standards of multidisciplinary teaching 
and research and hosted scholars and students from 
diverse backgrounds and nationalities (Shukla, 2020). 
These Institutions aimed to prepare students for life 
(Shukla, 2020).  These Institutions set the highest 
standards of multidisciplinary teaching and research 
and have produced great scholars who have 
significantly contributed to the World in diverse fields 
such as mathematics, astronomy, medical science, 
engineering, architecture, and fine arts. However, the 
challenge started with the evolution of certain 
specialized Institutions such as the Indian Institute of 
Technology (IITs) & Indian Institute of Management 
(IIMs). In India, a lot of preference is given to 
professional education. One of the dominant factors 
causing this scenario of the popularity of professional 
programmes is Employability. Engineering is one 
such profession that is highly popular among students 
with a large number of Engineering Institutions in the 
Nation (AISHE, 2020). Employability certainly is one 

of the objectives of higher education but it is not the 
soul of holistic education (Suleman, F. 2018, Pardo-
Garcia 2020.) 

 Engineering skills and knowledge are foundational 
to technological innovation and development that 
drive long-term economic growth and help solve 
societal  chal lenges (Nat ional Academy of 
Engineering, 2018). Engineers are required to become 
more specialized and more committed in their world 
views because the world needs better science, better 
politics, and greater belief (Yaman et al., 2005). 
Engineers are rewarded for their work with relatively 
higher salaries as compared to other graduates 
(Engineering Salary Statistics). The educational 
pathway of engineers is therefore required to be 
continuously improved because of the National 
competitiveness and quality. 

 The Government of India has taken a tremendous 
step in bringing out a National Education Policy 2020 
(NEP 2020) that outlines the vision of India's new 
education system. The aim of the NEP 2020 is to make 
higher education institutions multidisciplinary and 
focus on holistic education. The objective is to move 
towards learning how to think critically and solve 
problems, how to be creative, and how to innovate and 
hone skills from multiple disciplines. NEP 2020 has 
created a new set of opportunities for Institutions in 
India .  The policy  emphasizes  introducing 
multidisciplinary undergraduate programmes with 
multiple exit options. With this policy in place, many 
aspects of Higher Education are being reimagined to 
promote holistic education. The policy emphasizes 
integration and having a student-centric flexible 
curriculum. This study proposes an inclusive 
curriculum with different course types from multiple 
disciplines for an undergraduate engineering 
programme and articulates the relevance of the 
framework to foster holistic development. The 
proposed Engineering curriculum has been designed 
with mutually supporting disciplinary courses from 
multiple disciplines, with a focus on integrating value-
added courses for personal and interpersonal skill 
development. The paper has been sectionalized into 6 
sections. The rationale behind the study has been 
elaborated in section 2. Extant literature has been 
reviewed for related studies and the findings are 
presented in section 3. This section is presented in two 
parts. 3.1 is about multidisciplinary education and 3.2 
presents multidisciplinary engineering frameworks. 
Section 4 outlines the inhibiting factors that prohibit 
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multidisciplinary education in India considering the 
current education system. The proposed framework 
for multidisciplinary engineering education has been 
presented in section 5. Section 6 provides 
recommendations and scope for further extension of 
the work.

2. Rationale behind the Study 

 To create a progressive world, knowledge alone is 
not sufficient; we require holistic education, where 
education is integrated with vital universal human 
values and has a focus on learning multiple 
disciplines. NEP 2020 is a great initiative of the 
Government to promote learning in multiple 
disciplines and the correct implementation of this 
policy is very essential (Muralidharan 2022; UGC, 
2020). This section presents the key features of this 
policy for higher education as outlined in the excerpt 
by the University Grants Commission, which is a 
statutory body of the Government of India responsible 
for maintaining the standard of higher education. The 
features are highlighted in figure 1.

 There are sufficient structures in the Indian 
Universities and the implementation of NEP 2020 
essentially does not require creating new structures. 
Structures refer to units/cells/boards/committees that 
have been mostly set up in higher education 
institutions such as the Board of studies, Industry 
interaction & Placement cell, Innovation incubators, 
etc. The existence of these structures enables the 
attainment of desired aspirations and meeting the set 
targets. However, learners are right now only 
acquiring knowledge in Universities. There is a need 
to encourage assimilation. dissemination and 
generation of new knowledge for holistic education. 
To promote multidisciplinary education, an inclusive 
curriculum that prepares learners for life is essentially 
required.

3. Review of Literature 

3.1 Multidisciplinary Education

 A review of existing literature in the area shows 
that many studies have been conducted to explore the 
advantages and challenges of multidisciplinary 
education in general. Experimental studies have been 
conducted to examine learning experiences in a group 
consisting of learners from multiple disciplines. Many 
authors have discussed and analyzed the advantages 
and challenges of multidisciplinary education (Ferlin 
et al., 2005; Pirrie et al., 1999; Shen & Zhu, 2019). 
Studies have been conducted by combining 
multicultural and multidisciplinary teams to analyze 
their learning trajectories and behavioural patterns. 
Authors have proposed a novel sandwich programme 
design for multidisciplinary education in the field of 
engineering. The study advocates that a sandwich 
programme increases the chances of hiring fresh 
engineering graduates (Yaman et al., 2005). Sandwich 
programs help students to learn according to the 
industry's needs and requirements. Different 
organizations are invited to make these courses or 
programs work. These organizations provide 
equipment and training to students. It is beneficial for 
students because having experience with industry 
equipment will increase their chances of placement. It 
is also valuable for organizations because the 
recruited students will not be required to undergo 
extensive training as they have gained practical 
knowledge during their course of study. In this study 
(Yaman et al., 2005) a framework was proposed which 
explains how a sandwich program can be created by 
universities. As of now, it is a new concept in the 
experimental stage so many institutes might hesitate 
to conduct such programs until they see some 
promising results.

Karin Wolff & Kathy Luckett conducted a study to 
analyze the knowledge gained by students of a 
University in a mechatronics engineering program in 
South Africa. The study revealed that the curriculum 
focuses on theory (conceptual) knowledge rather than 
practical (contextual) knowledge (Wolff & Luckett, 
2013). S. Benedetto selected a multidisciplinary 
program named Alta Scuola Politecnica (ASP). This 
program offered an M.Sc degree with an integrated 
multidisciplinary education in it. Students opting for 
this program were awarded a double degree. Students 
benefited from this special program as they were able 
to attain knowledge in multiple domains (Benedetto et 
al., 2010). Johannes M. N. Van Kasteren worked on Fig.1:Salient features of National Education Policy 2020
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the development of a course named 'Sustainable 
Development'. This multidisciplinary course was 
implemented in engineering education at the 
University of Technology. The results showed that 
multidisciplinary projects worked to be an excellent 
teaching method and that the course stimulates 
interdisciplinary work within engineering education. 
(Johannes & Kasteren, 1996). Fátima Monteiro et. al 
conducted a study of the official mission of 
Portuguese higher education institutions that offers 
engineering courses. The researchers aimed to 
identify the current engineering education 
conceptions and the importance attached to them to 
the service of humanity. The findings revealed that 
there is a need to create a new perspective to 
strengthen the role of engineering as a service to 
humanity, social justice, and the common good 
(Monteiro et al., 2019).

3.2 Multidisciplinary Engineering Frameworks

 Researchers at European Organization for Nuclear 
Research (CERN) conducted a study on difficulties 
faced by students during the multidisciplinary, remote 
collaborating engineering design course Challenge-
based Innovation (CBI) (Jensen et al., 2018). Since 
multidisciplinary teamwork is essential in the field of 
engineering design, the groups participating in the 
CBI course came from backgrounds in technology, 
business, and design. Teams from seven different 
Universities from multiple countries were part of this 
course. All teams were given a challenge, which had to 
be solved with technological inspiration from 
research at CERN while working through remote 
collaboration except for 3 co-located collaborations. 
It was found that analyzing and convergent phases 
were  co r r e la t ed .  Remo t e  and  co - lo ca t ed 
collaborations were also compared where learners 
found remote collaboration more difficult. They also 
found that different education backgrounds affected 
which phase the learners found difficult. Researchers 
suggested a few ways to further improve future 
courses on engineering design. Another group of 
researchers has worked on the ATLANTIS initiative 
funded by The European Commission and the US 
Department of Education Fund of Improvement of 
Post-Secondary Education (FIPSE) programme to 
create a new collaborative multinational model for 
interdisciplinary education in real-time software 
engineering (Grega et al., 2009). Researchers worked 
in 3 phases (Preparatory Phase, Research Phase, and 
Pilot Implementation Phase) to create a framework for 
introducing new components to engineering 

programmes and also proposed a methodology for the 
development of a multinational, multidisciplinary 
engineer ing  programme, which  was  fu l ly 
implemented in Oct 2009. This project helped to 
establish joint programmes between universities and 
government institutions of the EU and the US. Which 
helped  the EU to  encourage c ross-border 
collaboration in higher education and gave the US a 
chance to engage in a global educational experience 
which is more integrated with the European 
educational system. It also played a role in common 
curriculum development and the recognition and 
portability of credits across educational institutions in 
Europe and the US.

 Researchers at the University of Huddersfield, UK 
conducted a study in UK's Higher Education Teaching 
and Learning (T&L) context to develop a best-
practice model for integrating interdisciplinarity into 
the UK higher education undergraduate experience 
(Power & Handley, 2019). The study focused on two 
main questions, first being the barriers to embedding 
interdisciplinarity within the student learning 
experience and secondly, key facilitators and potential 
solutions that maximize the successful integration of 
interdisciplinary collaboration into the student 
learning experience. The study utilized an expert 
panel and semi-structured interviews. The data 
collected were analyzed and categorized into barriers, 
and facilitators/solutions. Based on the results of this 
study, researchers proposed a Higher Education 
Interdisciplinarity Model (HIM) of best practice. This 
model brought together the six enablers of 
interdisciplinarity (positioning, people, environment, 
reward, factors for conduct, and communication). The 
HIM provides a potential solution to the effective 
implementation of interdisciplinarity into the higher 
education student experience. Researchers at 
Universidad Catolica de Santa Maria worked on the 
design, implementation, and evaluation of training 
courses under the e-learning modali ty of a 
technological higher education institution (Duche 
Perez et al., 2019). The experience of training courses 
took place in the Institute of Higher Technological 
Private Education Arequipa in 2018 on the e-learning 
platform “Plataforma Educativa” across various 
streams such as Computing and Informatics, 
International Business Administration, etc. A total of 
612 students and 9 teachers were part of the 
experience. For the evaluation, constant feedback was 
taken so that periodic updates could be made to the 
system. The researchers concluded that e-learning is 
very suitable for higher institutions where many 
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students are also working while studying and are not 
able to attend many classes. The data collected from 
students showed that e-learning has many advantages 
such as time-flexibility, accessibility, and others. They 
recommended that the e-learning modality be kept 
more to theory subjects and can be enhanced using 
virtual tutoring and learning content.

 Inclusivity in curriculum design is an area of 
interest to many researchers across the globe, as is 
inclusive curriculum delivery in the teaching-learning 
process. The curriculum must be designed proactively 
to promote heterogeneity (Lawrie G. et al.). It is found 
in multiple studies that more heterogeneous teams 
perform more effectively than the other teams. There 
can be multiple reasons for high productivity in these 
teams. Colleagues are more motivated to work with 
each other because they can learn different skills while 
working together. Higher heterogeneity also means 
there will be people with different backgrounds, their 
opinions can be beneficial for better decision-making 
in the team. Approaches to curriculum design engage 
learners as partners by offering them flexibility and 
opportunities through the academic framework to 
customize their learnings (Lawrie G. et al.). The 
literature findings reveal that though across the globe 
research is being done to study propositions of multi-
disciplinarity. From the Indian context and given the 
regulations of the Indian statutory bodies, it is of 
prime importance to establish a framework of 
curriculum for Engineering education that promotes 
multi-disciplinarity. This work presents a framework 
for one degree with multiple subject areas.

4. Multidisciplinary Higher Education in India: 
Fad or Challenge 

 Holistic and multidisciplinary education aims to 
develop all capacities of human beings and should be 
the approach of all undergraduate engineering 
programmes. To analyze the Indian pretext 
concerning multidisciplinary higher education, the 
expert opinion of 60 senior leaders of Universities and 
Higher Education Institutions assembled for a 
National Conference was considered. Imparting 
multidisciplinary education appears to be a challenge 
rather than a common trend in Universities. Though, 
because of NEP 2020, the Universities are keen to 
develop multidisciplinary academic curriculums. The 
barriers stated in this section have been drawn from 
the proceedings of a National Conference on the New 
Education Policy organized by a University in India 
during November 2020. 

4.1 Inhibiting Factors 

 This section presents the factors that inhibit the 
offering of multidisciplinary education. The factors 
have been considered from the inputs of experts at 
senior management positions from 60 higher 
education institutions in India. 

1. The challenge in providing a holistic and 
multidisciplinary education environment is to 
create an eco-system where students who enter into 
the portals of the higher education system develop 
a well-rounded holistic engagement in several 
disciplines. To create an open and highly flexible 
environment for students to pick multiple 
disciplines, it is a challenge to conform to the 
requirements of unlimited flexibility in the course 
curriculum (Jensen 2018; Sahoo, 2021; Maniar, 
2022).

 2. The evolution of certain specialized institutions 
particularly in the field of technology and 
management has limited the imagination of an 
I n s t i t u t i o n / U n i v e r s i t y  c o n c e r n i n g 
multidisciplinary education. Institutions of 
excellence in core disciplines limit education in 
multiple disciplines. The idea of contemporary 
Universities with specializations has been a 
challenge to multidisciplinary education in India. 

3. The existing available infrastructure in Indian 
Universities has affected the promotion of 
multidisciplinary education. 

4. Allocation of courses, scheduling of Timetable, 
and mindset of academicians impact the promotion 
of multidisciplinary education. 

5. There is an operational challenge in offering 
multiple courses in diverse streams maintaining a 
decent faculty-student ratio. Private Institutions 
are barely able to meet the faculty-student ratio as 
per the requirement of the statutory bodies. The 
lack of faculty members and other resources 
hinders the promotion of multi-disciplinarity. 

6. Another challenge is the resistance to accepting 
teachers having education in multiple disciplines. 

 From the valuable inputs of the experts, it is 
evident that there is a need for a clear definition of 
processes for effective implementation of the NEP 
2020 policy and also there is a need to build and 
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provide a good framework to deliver education in 
multiple disciplines. 

 The challenging issues for the academic 
institutions can be seen in the light of the challenges 
faced by all three stakeholders be it students, teachers, 
or Institution administration. One of the biggest 
challenges faced by students is in terms of the 
realization of self-directed learning. Most of the 
students do not inculcate the concepts of self-learning 
and peer learning for cross-disciplines (Ma L., Lee 
CS.,2019). As technology is a catalyst for the 
successful implementation of this approach, access to 
IT infrastructure and technology interface is yet 
another challenge being faced by students. The 
teachers in the Engineering Institutions are 
specialization focused and there is tremendous 
resistance to change due to a fixed mindset or being 
over-occupied with existing assignments. This often 
leads to a lack of collaboration which is an essential 
element for imparting multidisciplinary education. 
From the administration's point of view, resistance 
from top management is a challenge as education in 
India is still widely considered to be teacher-centric 
r a t h e r  t h a n  s t u d e n t - c e n t r i c .  S u c c e s s f u l 
implementation would require acceptance of 
technology, strategic planning for manpower, and 
skill enhancement. 

5. Multidisciplinary Engineering Education 
Framework

 A good quality higher education aims to develop 
thoughtful, well-rounded, and creative individuals. A 
multidisciplinary education would aim to develop 
intellectual, aesthetic, social, physical, emotional, and 
moral values in an integrated manner (UGC, 2020). A 
multidisciplinary Engineering programme must 
enable an individual to study one or more specialized 
areas of interest at a deep level. The curriculum should 
have courses that help an individual to develop 
character, learn ethical and constitutional values, 
develop intellectual curiosity, attain a scientific 
temper, develop creativity and inculcate a spirit of 
service. The curriculum must incorporate courses that 
provide 21st-century capabilities across a range of 
disciplines including arts, humanities, social sciences, 
and sciences, as well as technical, professional, and 
vocational courses. To ensure a student-centric 
contextual curriculum and achievement of desired 
student learning outcomes, a flexible 'Choice Based 
Credit System (CBCS) is the need of the hour. CBCS 
enables the students to satisfy their scholastic needs 

and aspirations, as the system provides enhanced 
learning opportunities through an interdisciplinary 
curriculum. The framework must be inclusive to 
provide equal opportunities to learners to attain the 
outcomes of the programme.

 Outcome-based education is student-centric that 
emphasises the attainment of Programme Learning 
Outcomes (PLOs). The Programme Education 
Objectives (PEOs) are aligned with the University's 
mission and the graduate attributes. Considering the 
changes in the global environment, skill requirements 
for industry 4.0, and NEP 2020 agendas, graduate 
attributes for the programmes have been accordingly 
stated. The University ensures that the learning 
outcomes of the engineering programmes are aligned 
with these graduate attributes. Therefore, the 
programme structure of engineering programmes has 
diverse courses from various disciplines such as social 
sc iences ,  s por t s ,  pe rformin g a r t s ,  e tc .  A 
multidisciplinary approach thereby helps in fostering 
outcome-based education. 

 The curriculum and pedagogy of an Engineering 
programme must develop a deep sense of respect 
towards the fundamental duties and Constitutional 
values, bonding with one's country, and conscious 
awareness of one's roles and responsibilities in a 
changing world. The proposed framework includes 
diversified course types which have been detailed in 
this section as follows: 

(1) Human Social Sciences & Management Courses: 
Courses that fall under these course types help 
learners acquire knowledge of how history, 
literature, politics, economics, and culture have 
shaped the modern world. These courses aim to 
produce technocrats, who can contribute 
productively to the world of economics and 
commerce. They help foster creative thinking 
besides technical expertise for engineers and 
scientists in the making.

(2) Basic Sciences Courses: The basic sciences course 
are based on the scientific disciplines of 
Mathematics, Physics, and Chemistry, and they 
provide a fundamental understanding of natural 
phenomena and their processes which is highly 
important for Engineers to strengthen their 
fundamentals.

(3) Engineering Sciences Courses: Engineering 
Sciences courses on different engineering 
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disciplines are essential to develop strong 
rudiments and to build further specializations on 
them. These specializations include unique fields 
of study like basic Electronics, Electrical 
E n g i n e e r i n g ,  M a t e r i a l  S c i e n c e ,  a n d 
Environmental Sciences. 

(4) Core Courses: Core courses are courses in the main 
discipline of Engineering that all learners are 
required to complete before they can be promoted 
to the next level in the educational hierarchy. Core 
courses are a must for a learner to meet the 
requirements of their programme.

(5) Programme Electives: Learners can select elective 
courses to study the topics and areas that interest 
them. Across an Engineering discipline, many 
programme electives are offered in various 
baskets from which learners can pick the courses 
of their choice.  

(6) Domain Elective Courses: Domain elective 
c o u r s e s  a r e  c o u r s e s  f r o m  a  r e l a t e d 
discipline/domain, intending to seek exposure in 
that discipline/domain. Domain Electives for 
learners are the courses offered by disciplines of 
Engineering other than the learner's discipline. 

(7) Open Elective Courses: Open elective courses are 
from an unrelated discipline intending to seek 
exposure in that discipline. For example, Open 
Electives for Engineering learners are the courses 
such as photography, painting, personal 
grooming, and branding, etc. offered by 
institutions outside the Engineering domain.

(8) Non-Teaching Credit Courses: Non-teaching 
Credit Course (NTCC) is a self-exploratory 
course for the professional and academic 
development of learners as well as to enable the 
learners to pursue research in the area of their 
interest. It includes courses such as Internships, 
Projects, Independent Study & Research, etc. 

(9) Value Addition Courses:

(i) Foreign Business Language: This course 
comprises offering Foreign Business 
Languages for learners to enhance their 
foreign language skills while pursuing 
Engineering. It could be any foreign language 
of their choice German, French, Chinese, 
Sanskrit, Russian, Arabic, Japanese and 

Spanish.

 (ii) Behavioral Science: This course type 
emphasizes both on theoretical foundations 
and real-world application in core and 
advanced areas of behavioural science and the 
cognitive science of judgment and decision-
making. These courses enable learners to 
prepare for the corporate world. 

 (iii) Professional Ethics: This course intends to 
develop a set of beliefs, attitudes, and habits 
that learners should display concerning 
morality. The prime objective is to teach 
integrity, respect for others, tolerance of 
diversity, and adapting to their professional 
areer.

(10)Outdoor Activity-Based Courses: Outdoor 
Activity-Based course refers to the course which 
requires recreation engaged out of doors, most 
commonly in natural settings pursued purposes of 
physical exercise, general wellbeing, spiritual 
renewal, and an opportunity to partake in nature 
whilst doing so. These are outdoor sports courses 
such as Basics skill of Badminton, Basic skill of 
foo tba l l  and  so me o the rs  ar e  Ka thak, 
Bharatanatyam, or even a week-long Military 
Training Camp which is essential for holistic 
development. 

(11) Employability & Skill Enhancement Courses:  
Employability enhancement courses are crafted to 
bridge the gap between skills possessed by the 
learners and the abilities that are sought by the 
organization with a greater emphasis on the 
improvement of employment opportunities and 
research activities.

(12) MOOCs: Massive Open Online Courses 
(MOOCs) are online courses available for 
anyone to enroll from any corner of the globe. 
MOOCs provide an affordable and flexible way 
to learn new knowledge and skills. The 
University Grants  Commiss ion of  the 
Government of India has recommended that 
learners in Higher Educational Institutions may 
be allowed to earn up to 20% of the Semester 
credits through MOOCs. 

 Table 1 depicts the credits range for the above-
detailed course types as recommended by the All India 
Council for Technical Education (AICTE) which is a 
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National-level apex body for technical programmes in 
India and the range of credits as per the proposed 
model framework for an undergraduate Engineering 
Programme. Figure 2 illustrates the span of these 
course types across Four Years of undergraduate 
Engineering Programme. The importance of value-
added courses throughout the Programme is indicated 
in the figure as it spans all four levels. AICTE has 
circulated guidelines to Higher Education Institutions 
to offer Minor Degree/Hons. in emerging areas along 
with the major discipline of study to promote multi-
disciplinarity. The Minor Degree/Hons. will 
cumulatively require additional 18-20 credits in the 
specified specialization in addition to the credits 
essential for obtaining an undergraduate Engineering 
degree in the area of major discipline, as per the 
guidelines. The proposed framework is well in sync 
with the guidelines and offers additional 22 credits for 
obtaining Minor Degree/Hons to promote multi-
disciplinarity. 

 As a case study, the authors have considered the 
Engineering framework of their University where 
courses of multidisciplinary nature are offered to 
learners. By undergoing courses from diverse 
disciplines such as performing arts, sports, mass 

communication, social sciences, etc, engineering 
graduates would be able to hone their skills and pursue 
a passion in the area of their interest for holistic 
development, which is the prime aim of NEP 2020. 
For instance, the proposed framework provides the 
flexibility to learners to opt for courses as per their 
career aspirations and pursue their passion to a great 
extent. Learners aspiring to get placed get an 
opportunity to avail courses that will add value to 
building their technical and functional competency 
and capabilities. A learner who aspires to start up a 
venture gets the opportunity to pursue courses related 
to entrepreneurship and design thinking. They also get 
a platform to transform their engineering projects into 

knowledge resources and get the opportunity for 
incubation.  Through such processes, the vision of the 
NEP to provide holistic education to engineering 
students is achieved. 

 The focus of the study is engineering & technology 
programmes. To create a multidisciplinary 
framework, the programme structure provides the 
opportunity for learners to opt for open and domain 
electives by following the Learning Outcome-based 
Curriculum Framework (LOCF) of the UGC 
mandate. For instance, a course on professional ethics 
has been included in all programmes in engineering & 
technology. The multidisciplinary approach has been 
ensured by including up to 20 % of the courses of 
diverse nature in the programme structure. 

 To encourage learners to opt for multidisciplinary 
courses, they are given enough opportunities to 
explore and examine the skill requirements of the 
industry through engaging in Professional Skill 
Development Activities (PSDA) as part of the internal 
assessment of a course, major and minor design 

Table1: Range of Credit Units for each Course Type Fig. 2: Span of Various Course 
types across Undergraduate Programme

140 Journal of Engineering Education Transformations , Volume 36 , No. 3 , January 2023 , ISSN 2349-2473, eISSN 2394-1707



projects, etc. This exposure allows the learners to get 
acquainted with the latest industry trends and make an 
informed decision for choosing a particular course. 

 The strategic annual academic planning before the 
commencement of each academic year is done for the 
planning of manpower and other resources. This 
planning considers infrastructure, software and 
hardware requirements, manpower requirement, 
industry expert sessions, and other material resources. 
A gap analysis of the existing and required resources is 
undertaken and projections are accordingly made. 
Based on the projections, recruitment of human 
resources is done and Professional Development 
Programmes (PDPs) are conducted for upskilling 
faculty and staff members. For optimum utilization of 
resources, planning of the multidisciplinary courses to 
be offered as Massive Open Online Courses (MOOCs) 
is also undertaken. The manpower planning as per the 
UGC mandate of LOCF is followed. 

 To motivate the students, a course advisory 
committee is formed at the programme level which 
includes faculty subject experts from various 
disciplines. The course advisory committee 
encourages and guides the learners to opt for 
multidisciplinary courses in alignment with their 
career aspirations. 

 To measure the effectiveness of the framework, a 
research instrument was designed and administered to 
a cohort of learners of an undergraduate Information 
Technology engineering programme, and the data 
collected was analyzed. The skills that are developed 
by pursuing a multidisciplinary Engineering 
programme were identified from literature and 
learners were asked to rate the identified skills on a 
scale of 0-3 where zero indicated that skill is not at all 
likely to develop after undergoing courses in multiple 
disciplines and 3 indicated a possibility to a great 
extent. The skills and the question corresponding to 
the skill that was included in the online survey form is 
presented below: 

 ·Critical Thinking – Multidisciplinary education 
helps you acquire the ability to compare and 
contrast across disciplinary boundaries?

 ·Analytical & Problem-Solving Skills – By 
undergoing a wider range of disciplines, you 
acquire deeper skills to analyze and solve the 
problems?

 ·Synthesis of Ideas – Study of multiple disciplines 
helps you to consolidate learnings by combining 
ideas from multiple courses?

 ·Communication Skills – Undergoing different 
c o u r s e s  a n d  t h e i r  v a r i e d  a s s e s s m e n t 
methodologies would help you develop written 
and verbal communication skills?

 ·Research Skills – Knowledge of multiple 
disciplines will enhance your research and inquiry 
skills?

 ·Self-Management - Choosing multip le 
disciplines to allow you to identify and organize 
your priorities?

 ·Collaboration Skills – Multidisciplinary 
education helps you to get broader and deeper 
skills to collaborate?

 Figure 3 above illustrates the perception of the 
respondents which indicates a multidisciplinary 
Engineering programme would enhance research 
skills and enable the learners to self-manage to a great 
extent along with developing their critical thinking 
skills. The results are statistically significant with 
p<0.05.

6. Recommendations & Discussion

 NEP 2020 has provided a strong impetus to 
promote holistic and multidisciplinary education. 
Problem-solving in the real world requires knowledge 
of multiple disciplines and hence the proposed 
framework that truly implements Education 4.0 is the 
right answer to offer multi-disciplinarity in 
Engineering education. To prevent our leading 
Institutions of the Nation to become isolated in terms 

Fig. 3: Perception towards Skills developed 
through Multidisciplinary Programme
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of knowledge exchanges and imparting education in a 
specific discipline, the curriculum requires a strong 
focus on liberal arts, humanities, and social science 
studies along with Science, Technology, Engineering, 
and Mathematics (STEM) disciplines. Along with the 
curriculum, it is also important that collaborations are 
encouraged to promote multi-disciplinarity. 
Collaboration between Institutions is required to 
enable the academic bank of credits to work 
effectively and mapping is required between the 
National skill qualification framework with the 
National higher education qualification framework to 
ensure effective implementation of NEP 2020. There 
is further a need for correct manpower projections 
and work towards manpower planning as per the 
specified goal. Learners should be allowed to migrate 
to different dimensions and then employability would 
be enhanced. Rather than having discipline-specific 
degrees, Higher Education Institutions need to offer 
interdisciplinary degrees. There is a need for control 
to be given to the beneficiary (learner) rather than the 
Institution. It is also important to build systems to 
allow the migration of learners to different 
programmes after the First Year at the graduation 
level to further promote multidisciplinary education. 

 Another important pillar to ensure effective 
implementation and offer multiple disciplines is 
competent and skilled faculty members. A flexible 
system requires a large number of members to be 
made available. Faculty members have to responsibly 
act to create interest among the learners in the 
discipline chosen from the abundant offered 
opportunities and also have to ensure to deliver 
engaging sessions. Adequate faculty training is the 
key to ensuring competencies and promoting multi-
disciplinarity. The government is also expected to 
facilitate the environment and provide sufficient 
funds to promote multidisciplinary education. Multi-
disciplinarity will come with a provision to have a 
joint appointment of faculty members with Industry 
and Institutions, across different Institutions, and also 
within multiple departments.  

 A flexible Engineering curriculum would 
encourage learners to have T-shaped (depth & 
bread th )  in  p lace of  I - shap ed ( in -dep th ) 
specialization. Learners are required to be counseled 
to have a broader base in place of having straight 
specializations. Educating learners to be good human 
beings, good citizens, and then good professionals is 
very essential. Giving academic credits for 

community work in the curriculum would give 
learners motivation to undertake such courses and 
gain an experience of a kind. Learning beyond the 
classroom is the answer to making learners 
r e sp on s ib l e  and  ch ang in g t he i r  min ds e t . 
Multidisciplinary education is possible by inculcating 
learning by doing in the curriculum. 

 Integrating multiple disciplines in the curriculum 
is an evolutionary process. Universities and Higher 
Education Institutions alone would not be able to 
deliver this task. We have to take society on board, and 
industry on board and need to be very open to putting 
the academic curr icu lum. Minor  areas of 
specialization along with major areas are to be 
promoted.  Multidisciplinary education is cultivated 
when we have learning by doing. There are immense 
opportunities for integrating a new paradigm of 
educa t ion  to  offe r  to  l earner s  to  nur ture 
multidisciplinary culture. Knowledge alone is not a 
sufficient resource. We require holistic education that 
integrates universal human values to create an 
environment where persons of integrity practice the 
morals that have been imparted to create a progressive 
world.

References

[1] All India Survey of Higher Education (AISHE), 
https://aishe.gov.in/aishe/gotoAisheReports  
AISHE Final Report 2019-20

[2] Benedetto, S., Zazzera, F. B., Bertola, P., 
Cantamessa, M., Ceri, S., Ranci, C., Spaziante, A., 
& Zanino, R. (2010). Alta Scuola Politecnica: An 
ongoing experiment in the multidisciplinary 
education of top students towards innovation in 
engineering, architecture and design. European 
Journal of Engineering Education, 35(6), 
6 2 7 – 6 4 3 . 
https://doi.org/10.1080/03043797.2010.505278

[3] Cady, E., & Reid, P. P. (2018). Understanding the 
educational and career pathways of engineers. In 
ASEE Annual Conference and Exposition, 
Conference Proceedings (Vols. 2018-June). 
https://doi.org/10.17226/25284

[4] Choudhury, P.K., Kumar, A. (2021). Changing 
Landscape of Professional Higher Education in 
India: What Do We Know and What Do Recent 
Data Tell Us?. In: Mani, S., Iyer, C.G. (eds) India's 
Economy and Society. India Studies in Business 

142 Journal of Engineering Education Transformations , Volume 36 , No. 3 , January 2023 , ISSN 2349-2473, eISSN 2394-1707

https://aishe.gov.in/aishe/gotoAisheReports
https://doi.org/10.1080/03043797.2010.505278
https://doi.org/10.17226/25284


an d  Eco n om ics .  Sp r in g e r,  S i ng ap ore . 
https://doi.org/10.1007/978-981-16-0869-8_11

[5] Duche Perez, A. B., Paredes Quispe, F. M., 
Gutierrez Aguilar, O. A., & Arias Chavez, D. 
(2019). Development and evaluation of an e-
learning model of  teaching-learn ing in 
multidisciplinary  education subjects in 
technological higher education. Proceedings - 
14th Latin American Conference on Learning 
Technologies,  LACLO 2019,  359–366. 
https://doi.org/10.1109/LACLO49268.2019.000
67

[6] Engineering Salary Statist ics, Michigan 
T e c h n o l o g i c a l  U n i v e r s i t y . 
https://www.mtu.edu/engineering/outreach/welc
ome/salary/

[7] Ferlin, E. P., Saavedra Filho, N. C., Perretto, M., & 
Cichaczewski, E. (2005). Multidisciplinary 
Efforts in Teaching at the Computer Engineering 
Program. ITHET 2005: 6th International 
Conference on Information Technology Based 
Higher Education and Training, 2005, 2005, 
7 – 1 2 . 
https://doi.org/10.1109/ITHET.2005.1560246

[8] Grega, W., Hilburn, T., Kornecki, A. J., Rysavy, 
O., Sveda, M., & Thiriet, J. M. (2009). 
Methodology for creation of multidisciplinary, 
transatlantic engineering program in information 
technology. 20th EAEEIE Annual Conference, 
E AE E IE  2 00 9  -  F orm a l  P ro ce edi n g s . 
https://doi.org/10.1109/EAEEIE.2009.5335471

[9] Jensen, M. B., Utriainen, T. M., & Steinert, M. 
(2018). Mapping remote and multidisciplinary 
learning barriers: lessons from challenge-based 
innovation at CERN. European Journal of 
Eng in ee r ing  Educat ion ,  43(1) ,  40–54. 
https://doi.org/10.1080/03043797.2017.1278745

[10] Johannes, M. N., & Kasteren, V. 
(1996). Interdisciplinary teaching within 
engineering education. European Journal of 
Engineering Education, 21(4), 387–392. 
https://doi.org/10.1080/03043799608923424

[11] Lawrie, G., Marquis, E., Fuller, E., 
Newman, T., Qiu, M., Nomikoudis, M., Roelofs, 
F., & Van Dam, L. (2017). Moving towards 

inclusive learning and teaching: A synthesis of 
recent literature. Teaching and Learning Inquiry, 
5 ( 1 ) . 
https://doi.org/10.20343/teachlearninqu.5.1.3

[12] Maniar, V. (2022). Resource Constraints in 
Implementing the NEP 2020. Economic and     
Political Weekly, 57(6).

[13] Ma L., Lee CS. (2019). Understanding the 
Barriers to the Use of MOOCs in a Developing 
Country: An Innovation Resistance Perspective. 
Journal of Educational Computing Research. 
2 0 1 9 ; 5 7 ( 3 ) : 5 7 1 - 5 9 0 . 
doi:10.1177/0735633118757732

[14]Monteiro, F., Leite, C., & Rocha, C. (2019). From 
the dominant engineering education perspective to 
the aim of promoting service to humanity and the 
common good: the importance of rethinking 
engineering education. European Journal of 
Engineer ing Education,  44(4),  504–518. 
https://doi.org/10.1080/03043797.2018.1435630

[15]Muralidharan, K., Shanmugan, K., & Klochkov, 
Y. (2022). The New Education Policy 2020, 
Digitalization and Quality of Life in India: Some 
R e f l e c t i o n s .  E d u c .  S c i .  1 2  ( 7 5 ) . 
https://doi.org/10.3390/educsci12020075

[16]Nigam, D., Ganesh, M. P., & Rana Suvashisa 
(2020). Review of the expansion of higher   i n 
India: cardinal concerns in the traverse. Journal of 
C r i t i c a l  R e v i e w s ,  7 ( 2 ) . 
https://doi.org/10.31838/jcr.07.02.19

[17] Pardo-Garcia, C., & Barac, M. (2020). Promoting 
Employability in Higher Education: A Case Study 
o n  B o o s t i n g  E n t r ep re n eu r s h i p  Sk i l l s . 
S u s t a i n a b i l i t y ,  1 2 ( 1 0 ) . 
https://doi.org/10.3390/SU12104004

[18]Pirrie, A., Hamilton, S., & Wilson, V. (1999). 
Multidisciplinary education: Some issues and 
concerns. Educational Research, 41(3), 301–314. 
https://doi.org/10.1080/0013188990410305

[19]Power, E. J., & Handley, J. (2019). A best-practice 
model for integrating interdisciplinarity into the 
higher education student experience. Studies in 

143Journal of Engineering Education Transformations , Volume 36 , No. 3 , January 2023 , ISSN 2349-2473, eISSN 2394-1707

https://doi.org/10.1007/978-981-16-0869-8_11
https://doi.org/10.1109/LACLO49268.2019.000
https://www.mtu.edu/engineering/outreach/welc
https://doi.org/10.1109/ITHET.2005.1560246
https://doi.org/10.1109/EAEEIE.2009.5335471
https://doi.org/10.1080/03043797.2017.1278745
https://doi.org/10.1080/03043799608923424
https://doi.org/10.20343/teachlearninqu.5.1.3
https://doi.org/10.1080/03043797.2018.1435630
https://doi.org/10.3390/educsci12020075
https://doi.org/10.31838/jcr.07.02.19
https://doi.org/10.3390/SU12104004
https://doi.org/10.1080/0013188990410305


H i g h e r  E d u c a t i o n ,  4 4 ( 3 ) ,  5 5 4 – 5 7 0 . 
https://doi.org/10.1080/03075079.2017.1389876

[20]Sahoo, A., Yang, C., & Chang P.E, Y. B. (2021). 
Graduate Curriculum in Mechatronics and 
Robotics: Development and Implementation 
Challenges for Engineer ing Technology. 
Proceedings of ASEE Annual Conference & 
Exposition, 26-29 July, 2021, Virtual. 

[21]Shen, J. X., & Zhu, S. (2019). Multidisciplinary 
undergraduate education of power train system for 
new energy vehicles. 2019 IEEE Vehicle Power 
and Propulsion Conference, VPPC 2019 - 
P r o c e e d i n g s . 
https://doi.org/10.1109/VPPC46532.2019.89522
67

[22]Shukla A.. (2020). Takshashila, Nalanda: New 
Education Policy seeks to draw from ancient 
I n d i a n  k n o w l e d g e .  H i n d u s t a n  Ti m e s . 
https://www.hindustantimes.com/education/taksh
ashila-nalanda-new-education-policy-seeks-to-
draw-from-ancient-indian-knowledge/story-
20yP8YAwQV2QqB0okEuT4N.html 

[23]Suleman, F. (2018) The employability skills of 
higher education graduates: insights into 
conceptual frameworks and methodological 
options. High Educ 76, 263–278 (2018). 
https://doi.org/10.1007/s10734-017-0207-0

[24]UGC. (2020). Salinet Features of NEP 2020: 
H i g h e r  E d u c a t i o n . 
https://www.ugc.ac.in/pdfnews/5294663_Salient
-Featuresofnep-Eng-merged.pdf

[25]Wolff, K., & Luckett, K. (2013). Integrating 
multidisciplinary engineering knowledge. 
Teaching in Higher Education, 18(1), 78–92. 
https://doi.org/10.1080/13562517.2012.694105

[26]Yaman, R., Vardar, N., & Yaman, G. (2005). 
Sandwich programs for multidisciplinary 
engineering education. ITHET 2005: 6th 
International Conference on Information 
Technology Based Higher Education and 
T r a i n i n g ,  2 0 0 5 ,  2 0 0 5 ,  1 8 – 2 2 . 
https://doi.org/10.1109/ITHET.2005.1560254

 

144 Journal of Engineering Education Transformations , Volume 36 , No. 3 , January 2023 , ISSN 2349-2473, eISSN 2394-1707

https://doi.org/10.1080/03075079.2017.1389876
https://doi.org/10.1109/VPPC46532.2019.89522
https://www.hindustantimes.com/education/taksh
https://doi.org/10.1007/s10734-017-0207-0
https://www.ugc.ac.in/pdfnews/5294663_Salient
https://doi.org/10.1080/13562517.2012.694105
https://doi.org/10.1109/ITHET.2005.1560254

