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Foreword
SIVAKUMAR PALANIAPPAN
Founder and Chief Mentor,
Mastering Mind Academy
Welcome to “Forward Thinking Academics: Indian Engineering Education” report prepared by Mastering
Mind Academy.

LET ME GIVE YOU THREE FACTS.
1. “Employability of engineering graduates in IT product companies is merely less than 4%.”[1.a]
2. “47% of graduates are unemployable in any sector of the knowledge economy.” [1.b]
3. “In Tamilnadu, in 54 engineering colleges ALL the students flunked ALL the 1st semester exams and in
another 59 colleges the pass percentage is as low as just 1%” [1.c]

My point is this: Educational standards of graduating
engineering students will reach record low levels in
coming years due to various reasons.
This will create lakhs and critical lakhs of young people
in this country without any basic subject knowledge and
expertise. These kids without critical thinking abilities and
life skills will become a big threat and liability to
the society and the country.
We’ve commissioned this report for encourage
“Forward Thinking” by the academicians
and institutions to build competitive edge
by remaining relevant in today’s and
tomorrow’s educational space while in the
process of building future of this country.
[If you would like to discuss any of the
issues in this report and how they affect
your institution in more detail, please do
not hesitate to get in touch via
siva@masteringmind.com]
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1.1 Introduction
Engineering today is characterised by both the rapidly
increasing complexity of the products and demands
made on engineers to provide solutions, products and
services. This obviously brings in huge expectations
from today’s graduating engineers. Unfortunately the
system of engineering education and the practice
of engineering appears to be wide apart in the
spectrum. There is big concern that Indian education
system responsible for producing new generation,
exuberant engineers is miserably failing to keep pace.
The structure and content of engineering programs,
delivery methods and approach has hardly changed
over many years to keep up with the technological
developments in real engineering world.
Series of Studies, Reports, Surveys and News Articles
demonstrates that there is huge crisis and it is important
to make relevant changes in engineering education
system to ensure our graduates remain equipped and
competitive for the next generation, new and complex
engineering technologies. This problem is not just
only in India, it’s the same elsewhere in the world
too. But, ours is a very serious issue considering the
already prevalent system that lacks focus on quality of
education. [1.d] [1.e]
From the US – “…we are sobered by two realities: first,
that scattered interventions across engineering education over
the past decade or so have not resulted in systemic change,
but rather only in isolated instances of success in individual
programs, on individual campuses; and second, that the
disconnect between the system of engineering education and the
practice of engineering appears to be accelerating.” (National
Academy of Engineering, 2004)
From Australia – “… the engineering curriculum has been
slow to respond and while there has been some reform over the
past 15 years, the educational model we use is still not much
different from that of 30 years ago, and while the pace of change
in the world has increased significantly, the pace of change in
engineering education has been far too slow”. (Institution of
Engineers, Australia, 1996)
There is clear need for complete overhauling of
Indian education system, engineering education in
very specific. All the stake holders in the system are
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“Mass- produced engineering graduates
with no quality are of no use to the
industry, to the country, to the society
and of no use even to themselves.”
aware and understands the need for change, but the
challenge is who will make the change, when and what
to change and how to change?
Playing blame games between the government bodies,
academia and industry about who is responsible
for the dismal quality of engineering education is
meaningless. Somewhere change should start; a
real and meaningful change with true intention of
transforming engineering education should start.

1.2 Why Forward Thinking?
The biggest problem in Indian education system
is its poor quality of teaching and learning. Our
system is plagued with low quality teaching in many
of its institutions in all levels starting from primary
education to higher education.
Chronic shortage of well qualified faculty, poor
teaching quality, outdated and very rigid curriculum,
lack of accountability, no focus on research and
lethargic political system had brought down Indian
education to one of the lowest standards in the world.
Deficiencies in engineering education have been
enumerated in countless surveys, panels and studies
which told our engineering education community
that the focus should be more on teaching strong
fundamentals, real-world engineering, provide better
training in critical thinking, creative thinking and
problem solving skills. Produce engineering graduates
with great understanding of basics, familiar with
engineering and technology; it’s relevance to social
problems that could be solved.
It is important to build more dynamic learning
environments to prepare students for the future and
their role in next generation work environment.
Developing forward thinking process to plan for
the future and guide ahead are the key priorities of
education managers of any institution and the nation.
Forward Thinking Academics
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Regrettably the Indian education system is largely
lacking this futuristic thinking focus for various
reasons like lack of meaningful regulation, deficit of
clear vision about future, focus on improving the basic
quality of education at all levels.

1.3 Getting Ahead: Developing
Forward Thinking
Forward thinkers have the ability to look past today’s
events and problems; they look ahead into the
possibilities of tomorrow. Our education system is in
dire need of futuristic thinkers who could visualise
the new ideas about engineering education, teachinglearning process, classroom strategies, technical
competency and skill developments, etc.
Tomorrow’s visionaries will need to think further into
the future and implement ideas in timely manner,
to remain competitive in the world of engineering
education, thereby make our young engineering
graduates highly able and competitive for the future
need.

“Forward thinkers have the ability to
look past today’s events and problems;
they look ahead into the possibilities of
tomorrow.”
It’s essential to see the big picture, have long range
plans, make accurate predictions about various
possible scenarios and outcome, have positive
outlook, uncanny ability to solve problems not just for
today but for the future. One of the significant requisite
to move ahead is forward thinking ability among the
engineering academic leaders and educators.
Indian engineering education system is in such an
important, highly critical cross roads today. Failure of
taking dynamic decisions and making radical changes
to steer that into right direction will obviously lead to
a great disaster. It will lead to a bad letdown of all our
advantages like young demographics, technological
opportunities and great possibilities for this country.
The increasing reality is that leadership in engineering
and technological innovation is the key to our country’s
prosperity and growth in the highly competitive,
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knowledge driven economy. Our Indian environment
with numerous grass root level problems provides a
great possibility, numerous opportunities and very
fertile environment for technological innovation and
engineering entrepreneurial initiatives.
Primary objective of this report is to encourage
Engineering Academia to ask, “What could be done
to really improve the quality of engineering
education within our internal scope of control?”
without really depending too much on government,
industry and other external stake holders. Systematic
and sustainable change in engineering education is
only possible with sincere and ardent interest from
the individual faculty members along with the support
and vision from the management, who should also be
willing to build a culture of transforming engineering
education.
This report is not an outcome of primary research;
it is more of a secondary literature study where in
some of the best practices, principal findings and
recommendations of various studies, reports, related
to engineering education transformation across the
world are analysed and linked together in an Indian
engineering education perspective.

“We don’t need an education system
that just teaches the course contents; we
need an inspiring academia that builds
the future of this nation.”

The detailed inputs and suggestions in this report
are based on some of the significant efforts with
considerable time and resources that has been
used to transform engineering education by various
experts and universities across the world. Some of
the best practices that are delivering great results are
recommended in this report to strategically transform
the learning process.
Ultimately the dream is to create a Nation filled with
exuberant engineers, who could establish engineering
practice as a true learned profession with passion
for real engineering than just becoming corporate
employees.

Forward Thinking Academics
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2.1 Engineering Education
Managers and Administrators
Engineering education managers are the academic
leaders who promote and manage private technical
institutions in the country other than the government
controlled engineering institutions.

strengthened. Strategic leadership requires, deep
understanding of the current education system, its
pros and cons, challenges and possible opportunities
with big picture thinking.

In a country like India which is a young demographic
with huge population that graduates from schools to
colleges, it is essential to allow private institutions
to a large extent. But the control and commitment to
deliver quality is something that’s been really missing
for long time and now it’s dangerous results in terms of
huge unemployment and underemployment are seen
wide spread.

Strategic leaders have clear vision of a transformed
education system, they know how to achieve it, they
also buy in the commitment for change from all the
stake holders, they inspire people to understand
and support their vision of improving engineering
education.

Engineering education leaders and administrators
have a huge role to play in engineering education
transformation. Great positive change in the way we
design and deliver engineering education could be
improved to great extent if the administrators can
enable suitable environment in terms of possibilities of
collaboration, funding for education research, funding
for engineering research and material resources.
Holistic intention of the institution, its core value,
philosophy and focus should be of providing great
education and creating passionate engineers for future.

2.2 Strategic Leadership for
Education Transformation
Key role of engineering education managers is
to provide leadership to the college in strategic
planning, administration, academic programs, faculty
development, student affairs, research initiatives and
industry relations.
But, in reality most of the private engineering colleges
are fully controlled and managed by a single individual
mostly the promoter or his close kin with very little
authority to the principal or dean of the college. With
this, strategic leadership becomes a distant certainty
and the scope of engineering education improvement
takes a big hit.
Organizational structure and decision making,
allocation of resources, articulation within the system,
and accountability within the premises should be
Mastering Mind Academy Report | May 2014

2.3 Benchmarking Standard
Metrics
One of the major benchmarking metric that is
primarily used by engineering colleges to compare
themselves with their peer institutions is the number
of placements or job offers their students managed to
secure. Many colleges even include internships, short
term assignments with companies into placements list
to show up inflated numbers. Role of the universities
and technical institutions is not really to develop
employees of today, but to develop engineering
leaders and entrepreneurs of the future.
We need to start measuring our initiatives that creates
meaningful impact on students learning, knowledge,
skills, attitude, thinking and behaviour, not just the
placement track records.
Another major benchmarking metric that is commonly
used is academic marks especially university ranks
and scores. Judging a student purely based on marks
he or she could score will only test and validate
the memorising abilities and not really engineering
thinking skills.
Unfortunately the most important metrics like
number of research papers published by the faculty
members and students, university’s commitment to
entrepreneurship and innovation development, long
term strategic relationship with industry, student’s
participation in technical initiatives to solve social
problems are overlooked.
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“Engineering education managers should
provide leadership, administration and
service to achieve the highest standards
of excellence in education, research and
innovation.”

“Graduates of an institution should
be known for their commitment to
excellence, enthusiasm for learning,
ethical behaviour and integrity and
exceptional leadership.”
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3.1 Building Engineering
Leadership
“What’s important in engineering education? Making
universities and engineering schools exciting, creative,
adventurous, rigorous, demanding and empowering
environments is more important than specifying
curricular details,” says Dr. Charles Vest, NAE
President and former President of MIT. The GordonMIT Engineering Leadership Program is an example of
how MIT is working to empower today’s engineering
undergraduates with critical leadership skills that will
help them to become tomorrow’s engineering leaders.

“Engineering schools are to create
passionate engineers, not just
graduates of engineering.”
The Gordon-MIT Engineering Leadership Program
Capabilities of an Engineering Leader is one of the well
established capabilities model developed at the MIT
Sloan School of Management. During the winter and
spring of 2008, a series of workshops were held at MIT,
bringing together program stakeholders with diverse
view of engineering leadership: alumni, students,
faculty, leaders from industry, military leaders,
community leaders and those from other leadership
programs at MIT. [3.a]
Engineering leadership as identified by the Gordon‐
MIT Engineering Leadership Program is summarized
as below.

a. Core Personal Values and Character:
Students should reflect on their beliefs and attitudes,
and further evolve their sense of responsibility
and personal capabilities that form a foundation for
effective leadership. Some of the key qualities one
should develop are responsibility, ability to take
initiative, decision making, resourcefulness, integrity,
courage, trust, loyalty, self awareness, personal vision
and intention in life.

b. Relating:
Students should develop key relationships, building
networks, listening to others to understand their views.
Some of the key qualities one should develop are,
ability to negotiate, persuade, advocate, connecting
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with diverse group, build connections and excellent
interpersonal skills.

c. Making Sense of Context
It is very important to make sense of the world
around, come to terms with it, understand the context
and manage the complex environment. Effective
engineering leaders should specialise in, building
awareness of the society and social context that they
operate in, understand the needs of the customer,
holistic awareness about the enterprise they are part
of, appreciation of new technological advancements
and systems thinking.

d. Visioning:
Ability to create a compelling, purposeful and
transformational images of the future and identifying,
forecasting what could or should happen is one of the
very important quality of the Engineering leaders to
tomorrow.
One should posses, the ability to identify the problem,
analyse the root cause, think creatively, create
solution concepts and offer technological solutions to
the problem.

e. Delivering the Vision:
Creating mind along with the creative mind is the need
of the hour. Ability to lead transformation by leading
the design process, ask critical questions, move from
abstraction to innovation and implementation is seen
as one the essential skills today to get the engineering
done in reality.
Effective engineering leaders should posses the
specialisation to building and leading the team,
planning and managing the project, resources, finances
and deadlines, foster innovation and implementation
that into real-time tangible solutions.

f. Technical Knowledge and Critical
Reasoning:
Engineering leadership is not really overlooking core
engineering and focussing only on leadership qualities,
but also to have deep working knowledge of the
technology domain or discipline. It includes an ability
to understand, decompose and recombine different
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elements of a technical problem through application
of a deep understanding of technical knowledge,
engineering reasoning and problem solving and the
approaches to inquiry and experimentation that may
be necessary to develop or refine a new technology
needed for a product, process and system

3.2 What is Engineering
Leadership?
Engineering leadership consists of the exemplary
attitudes, behaviours, and skills necessary for an
engineer to be an effective leader. Engineering
leadership involves making sense of complexity,
seeing opportunities where others see insurmountable
obstacles, envisioning possibilities where others
are limited to the status quo, organizing, inspiring
and influencing actions beyond what is considered
possible, and achieving measurable results that effect
positive change in the world.

3.3 Educating tomorrow’s
Engineering Leaders
As the rate of technological change accelerates and the
world becomes more interconnected, engineers are

“Engineers must understand the
principles of leadership and be able
to practice them in their profession.”
needed as leaders in a wide range of fields, including
business, government, law, medicine, and community
service.
Educating tomorrow’s engineering leaders demands
a new approach that encompasses students’
professional, personal and leadership development,
building upon the strong technical fundamentals of the
traditionally rigorous engineering education.
In its report The Engineer of 2020: Visions of
Engineering in the New Century, the National
Academy of Engineering outlined the various fields in
which students educated in engineering might go on
to be leaders, including research, product and system
development, business and even broader professions.
[3.b]
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The NAE concludes that:
“In preparation for this opportunity, engineers must
understand the principles of leadership and be able to
practice them in growing proportions as their careers
advance. Complementary to the necessity for strong
leadership ability is the need to also possess a working
framework upon which high ethical standards and a
strong sense of professionalism can be developed.”
It is the duty of the education system to educate and
develop the character of potential future leaders in the
world of engineering practice and development; and
transform engineering leadership in the nation, there
by significantly increasing the product development
capability to address the global and local market
needs.

3.4 Engineering without
Boundaries
Engineering has shown itself to be responsive to
technological breakthroughs from within engineering
and from other fields, although not always in the
most timely fashion. From its first two sub-branches,
military and civil, it expanded early on in recognition
of developments that led to mining, mechanical,
chemical, electrical, and industrial engineering.
This process has continued and is evidenced by the
introduction of biomedical and computer engineering.
Engineering should rapidly embrace the potentialities
offered by creativity, invention, and cross-disciplinary
fertilization to create and accommodate new fields
of endeavour, including those that require openness
to interdisciplinary efforts with non engineering
disciplines such as science, social science, and
business.
Engineering education should make a student “holistic
engineer” with an interdisciplinary approach that takes
into consideration the local social setup, economy,
culture and environment. Engineers should build
strong relationships and work in close collaboration
with communities and local organisations.

“Don’t wait to solve a global problem,
instead encourage students to solve a
local problem using engineering and
technology they learn.”
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3.5 Technology based
Entrepreneurship

3.6 Investments in Faculty and
Education Research

Technology Based Entrepreneurial skills helps students
develop thinking and mind-sets for technology-based
products and businesses. It is essential for students to
acquire knowledge and skills related to business and
entrepreneurship such as business planning, creative
thinking, innovation, intellectual properties, copyright,
etc.

Unfortunately most of the Indian engineering
institutions do not really spend required time, efforts
and resources in hiring best faculty and in education
research both could straight away make them stay
ahead of their competitors.

It is vital to develop knowledge and skills on the
following aspects as part of entrepreneurial and real
world start up experience.
• Ability to design technology based solutions,
services and products.
• Ability to develop business plan, implement
execution strategies to realise technology based
ventures.
• Evaluate the technical and business opportunities
and measure the value propositions.
• Design the most appropriate, sustainable and viable
technical solution.
• Communicate complex ideas and concepts to stake
holders.
• Understand and be able to manage various types
of intellectual property (like patents, copyright,
trademarks, trade secrets etc)
• Build basic finance and accounting skills.
Engineers and scientists must need entrepreneurial
skills to be successful in their careers and help find
solutions to the big problems of the 21st century.
Technology based entrepreneurship and innovation is
a key growth driving parameter in the global economy
today and tomorrow.
Entrepreneurship education should be included into
the curriculum to create significant positive impact on
the students, faculty and university environment.
Entrepreneurship program development resources
and teaching tools are increasingly available to all
educators across the globe. Surely this will create
new opportunities across the campus involving all the
science and technology departments in the campus.
Mastering Mind Academy Report | May 2014

Recruiting and retaining the best talents will make lots of
contribution towards building engineering leadership
in the institutions. Colleges should also encourage
their faculty to expand their research competencies
and learn latest technological developments in their
domains of specialisation.

“Society needs engineers who not
only solve engineering problems, but
who can participate in bringing ideas
and products to market.”
Establishing an “Education Research Fund” will
surely enable the institution to lead in the constantly
changing field of engineering and provide best possible
education for future engineers and technology leaders.
Investment in university based research directly
tied to engineering education; modern laboratories;
time, space and opportunity for students and faculty
to create and discover; build strong innovation
ecosystem; closely connected to industry is the need
of the hour.
The poor quality of students coming out of engineering
colleges, who are in great depression due to major
unemployment or underemployment issues will
cause bigger national crisis. We can no longer afford
to produce large numbers of students who will be
graduating with degrees, without any basic life skills,
leadership and creative thinking.
At the time of great employability crisis it is critical
for Indian engineering and technical universities to
swiftly embrace the process of building engineering
leadership. In a global, knowledge-driven economy,
engineering leadership, technological innovation
and the transformation of knowledge into products,
processes, and services is critical to survive and
succeed.

Forward Thinking Academics
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4.1 India in Washington Accord
Finally after years of efforts, India became the 17th
member of the exclusive Washington Accord recently,
which is expected to ensure highest quality standard
in engineering and technical programmes. This will
surely help in improving the quality of the engineering
programmes, allowing more professional mobility
which will open the doors for better employment.
With India becoming a permanent member (signatory)
in Washington Accord, it is important for the
engineering academic leaders and faculty members
to deeply understand and develop new curricula,
methodologies for teaching, methodologies for
valuation and assessment with respect to expected
outcomes, design processes that could be used to
improve the program and ultimately to document
the methodologies, processes and results. Nations
that are signatories of the Washington Accord must
demonstrate that, their accreditation requirements are
essentially equivalent to those of ABET (Accreditation
Board for Engineering and Technology).
The responsibility of equipping students with the
attributes specified in the program outcomes must be
with the individual faculty member who is accountable
at the individual course level. With this all the faculty
members involved in teaching should understand
accreditation process on a continuing basis not just
before the audit or accreditation committee visit.
Hence, engineering institutions should equip their
program administrators and faculty members with
knowledge, skills and abilities to formulate the
course learning objectives, instructional design
techniques and assessment methods to meet the
requirement standards of engineering criteria as per
the requirements of the accord.
However, in reality only handful of engineering faculty
seems to be aware of the accord, its importance in
engineering education quality improvement, outcome

Every stake holder in the education
system should answer the question,
what kind of graduates are we trying
to produce?
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based teaching, evaluating and assessing methods.
Meeting various requirements could be a significant
challenge for almost all engineering institutes and their
programs.

4.2 Overview of Washington
Accord
The Washington Accord, signed in 1989, is an
international agreement among bodies responsible for
accrediting engineering degree programs. It recognizes
the substantial equivalency of programs accredited
by those bodies and recommends that graduates of
programs accredited by any of the signatory bodies
be recognized by the other bodies as having met the
academic requirements for entry to the practice of
engineering. [6.a]
Graduates of accredited programs in any of the
signatory countries are recognized by the other
signatory countries as having met the academic
requirements for entry to the practice of engineering.
Recognition of accredited programs is not retroactive
but takes effect only from the date of admission of the
country to signatory status.

4.3 Understanding Accreditation
Requirements
The three key aspects of accreditation are (1)
learning objectives, (2) instructional approaches and
(3) outcome assessment approaches. Engineering
faculty members must develop great interest
and understanding about these components of
accreditation process which in fact will a vital role in
engineering education quality improvement process.
[6.b]
Learning objectives should describe what students
should know or be able to do at the end of the course
that they couldn’t do before. It should be about
student performance and not just the knowledge they
accumulate in theory. Learning objectives should be
student-centered, should break down the task and

More than the formal accreditation,
it is the intention and pursuit of
producing world class engineers that
is important
Forward Thinking Academics
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focus on specific cognitive processes, should use
action verbs and should be measurable. Learning
objectives should be well aligned with the outcome
expectations. Hence learning objectives should be
as close as possible to that of the expected learning
outcomes.
Instructional approaches deals with the actual
teaching learning methods, pedagogies that are used
in the process of meeting the learning objectives.
New teaching and learning approaches that enhance
practical learning and allow students to demonstrate
the application of their studies to real-world situations
must be used. Learning activities that reflect realworld situations must engage students in individual
and collaborative problem solving, analysis, synthesis,
critical thinking, and reasoning. Only then the real
quality of engineering education could be truly
improved.

May be every faculty member
should have a vision like this, “to
be a leading engineering faculty in
my domain, for effective knowledge
dissemination, to produce skilled
engineers, and continuously improve
teaching-learning methods”
Outcome assessment approaches is all about
measuring the degree to which the program is
achieving its defined learning objectives. Assessment
shouldn’t be based on judgements; instead it should
be based on relevant and appropriate objective data
points. The key focus of assessment is to establish
whether students have learned, have retained, and
can apply what they have been taught.
Faculty members should know how to design learning
objectives, bring in the most innovative teachinglearning methods in their instructional approaches
and to design a program level assessment methods not
just for the accreditation requirements but in order to
improve the student’s overall educational experience.

4.4 Outcome Based Engineering
Education
The dominant pedagogy for engineering education
still remains “chalk and talk”, despite number of
Forward Thinking Academics

studies proving that it is ineffective. Since ages our
education system is build upon the traditional InputBased Instruction methods that only gave great
emphasis on the course contents, faculty expertise
and never worried about the students who are the
integral part of the system. Obviously the older inputs
based education system makes the students exam
oriented or marks oriented. It hardly gives scope and
possibility for a student to explore and learn deeper.
This also makes the life of
the faculty much easier as there is no need to give
much attention to whether or not students learn the
material that was taught in the classroom. Students
with very high academic marks without any basic
understanding of their engineering domains are the
results of this traditional education approach.
Now it will be very difficult for faculty members who
are very much used to the old system to embrace the
new learner centric teaching learning process in the
Outcome Based Instruction methods.
Outcome Based Education (OBE) is an educational
process that focuses on what students can do or
the qualities they should develop after they are
taught. OBE involves the restructuring of curriculum,
assessment and reporting practices in education to
reflect the achievement of high order learning and
mastery rather than accumulation of course credits.
Outcome expectations could be defined at the
university/college level, programme level, department
level, or even course level. Irrespective of which level
the OBE is implemented, it should cover all the four
levels namely, Planning, Implementation, Assessments/
Evaluation and Continual Quality Improvement.
Implementation of OBE starts at very top level and goes
down up to the course level or even up to the topic
level of the subject taught. Three essential hierarchy
levels are Programme Educational Outcomes (PEO),
Programme Outcomes (PO), and Course Outcomes
(CO) this followed by Continual Quality Improvement
(CQI).
Outcome assessment is a method for determining
whether students have learned, have retained, and can
apply what they have been taught. Assessment plans
have three components: a statement of educational
Mastering Mind Academy Report | May 2014
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goals, multiple measures of achievement of the goals,
and use of the resulting information to improve the
educational process. [6.b]
Some of the key questions to be answered are as
follows:
What are educational objectives, program outcomes,
and course learning objectives?
What learning objectives map onto each of outcomes
expected?
What teaching methods effectively address the
outcomes?
What assessment techniques can be used to determine
whether or not the objectives and outcomes have
been met?
An essential part of the education quality improvement,
it is important to know the outcome expectations
by various international accreditation agencies.
Engineering criteria program educational outcomes
according to ABET are as follows.[6.b]
• Outcome a : “an ability to apply knowledge of
mathematics, science, and engineering”
• Outcome b : “an ability to design and conduct
experiments, as well as to analyze and interpret
data”
• Outcome c : “an ability to design a system,
component, or process to meet desired needs
within realistic constraints such as economic,
environmental, social, political, ethical, health and
safety, manufacturability, and sustainability”

• Outcome i : “a recognition of the need for, and an
ability to engage in life-long learning”
• Outcome j : “a knowledge of contemporary issues”
• Outcome k : “an ability to use the techniques,
skills, and modern engineering tools necessary for
engineering practice”
Outcome based education truly demands higher
level of contributions and commitment from faculty
members. Faculty members cannot just settle down
only with teaching the course contents, conducting
examinations and publishing the results. OBE shifts
from the traditional education methods of measuring
the inputs and the process involved to measuring
the outcome that is achieved out of the inputs and
process. It requires greater involvement, time, efforts
and commitment from the engineering managers and
especially from engineering teachers.
Outcome based education also requires much
higher levels of involvement from students. Students
are expected to do more challenging assignments,
projects than just memorising and reproducing in the
examination.
Students should be able to: write project proposals,
complete projects, analyze case studies, give case
presentations, show their abilities to think, question,
research, and make decisions based on the findings.
Students should be able to plan and organize tasks, able
to work in a team as a community or in entrepreneurial
service teams to propose solutions to problems and
market their solutions. They should be more creative,
able to analyze and synthesize information.

• Outcome d : “an ability to function on multidisciplinary teams”
• Outcome e : “an ability to identify, formulate, and
solve engineering problems”
• Outcome f : “an understanding of professional and
ethical responsibility”
• Outcome g : “an ability to communicate effectively”
• Outcome h : “the broad education necessary to
understand the impact of engineering solutions
in a global, economic, environmental, and societal
context”
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5.1 Engineering Design Thinking
The ultimate purpose of engineering education is to
inspire graduate engineers to design technological
solutions for various engineering and social problems.
One of the integral aspects of any engineering activity
is design and design thinking. Therefore, engineering
programs should enable graduate engineers to
effectively design and find feasible solutions, which
demands practical, hands on engineering exposure.
Unfortunately engineering programs are merely seen
as spring boards for employment, just to get a job and
nothing more than that. [4.a]
Mostly engineering curriculum is taught with theoretical
orientation towards science and mathematics through
derivations and formulae without even helping the
student to understand their relevance in practical
applications. Thus the engineers graduating out of
colleges have to struggle when they enter industry,
where they see a huge difference in what they’ve
learned theoretically in college and what is practiced
practically in the industry.
What is design? What is engineering design?
Engineering design is a systematic, intelligent process
in which designers generate, evaluate, and specify
concepts for devices, systems, or processes whose
form and function achieve clients’ objectives or users’
needs while satisfying a specified set of constraints.
This definition promotes engineering design as a
thoughtful process that depends on the systematic,
intelligent generation of design concepts and the
specifications that make it possible to realise these
concepts. Thinking like a designer can transform the
way you develop products, services, processes and
even strategy.
Some of the critical characteristics of design thinkers
are: Empathy – look and imagine world around from
multiple perspectives, Integrative Thinking – ability for
wholesome or holistic thinking, Optimism – no matter

“Early introduction to engineering and
design thinking will lead to powerful
learning experience.”
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how challenging the constraints are they always look
for possible solutions.
Experimentalism – look things from entirely new
dimension, Collaboration – truly enthusiastic
interdisciplinary collaborator.[4.b]
Design thinking and innovation is powered by a
thorough understanding, through direct observation,
of what people want and need in their lives and what
they like or dislike about the way particular products
are made, packaged, marketed, sold, and supported.
Therefore it becomes essential for our Engineering
curriculum to move from theoretical problem solving
methodology to embrace practical problem solving
methods of teaching and learning along with early
training in engineering design thinking.

5.2 Learning through Inquiry
and Questions
One of the basic qualities of an effective engineer is to
learn through inquiry and by asking questions. Great
philosopher Aristotle said, “The kinds of questions we
ask are as many as the kinds of things which we know”.
Unfortunately the current education methods do not
enable or even encourage students to ask questions.
Our traditional educational system has worked in a
way that discourages the natural process of inquiry.
Students become less prone to ask questions as they
move through the grade levels. In traditional schools,
students learn not to ask too many questions, instead
to listen and repeat the expected answers.
Most of them the time the teacher and the students
are always busy in completing the syllabus, with their
focus on exams and just scoring marks. With pure
theory oriented academic inclination, the scope for
inquiry and going to the depths of engineering domains
they learn is bare minimum. One of the easiest ways to
help them gain deeper understanding of any subject or
technical concept is to ask questions that will enable
such understanding.
Inquiry is central to engineering education. When
engaging in inquiry, students describe objects
and events, ask questions, construct explanations,
test those explanations against current scientific
knowledge, and communicate their ideas to others.
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“The kinds of questions we ask are as
many as the kinds of things which we
know.”
They identify their assumptions, use critical and logical
thinking, and consider alternative explanations. In this
way, students actively develop their understanding of
engineering by combining technical knowledge with
reasoning and thinking skills. [4.c]
Never allow students to get away with memorising the
solutions without even understanding the problem or
questioning the underlying concepts and methods.
[4.d]

5.3 Flipped Classroom or
Reverse Instruction
Students should be encouraged to learn the basic
theory before they attend the respective classroom
session either through text books, online videos,
faculty notes, etc. Classroom time should never be
used in simply lecturing; instead active learning
should happen in the class.
Flipped classroom or reverse instruction is essentially
reverse of traditional teaching. Instead of lectures
occurring in the classroom and assignments being
done at home, the opposite occurs. Lectures are
viewed at home by students, via videos or podcasts,
and class time is devoted to assignments or projects
based on the acquired knowledge. It is different from
the age old homework method, because the student is
encouraged to they will use the concepts they learn
as a spring board to jump into deeper discussion and
collaborative activity based learning in the classroom.
[4.e]
When we know that collaboration is one of the most
important skills that an engineering graduate should
learn, which can’t be taught and developed at home
alone. The best possibility is to enable students to
learn it with in the classrooms. Let every classroom be
a collaborative learning and creative problem solving,
innovation centre. Make them connect and interact
with the subject they are being taught. Simple example
to start with could be; assign a TED talk by a leading
thinker or scientist, ask them to watch it carefully,
appreciate the knowledge shared and understand how
Mastering Mind Academy Report | May 2014

it is applied. Next day in the classroom ask them to
discuss, deeply engage in conversations about what
they’ve learned and help them think from various
perspectives through collaboration.

5.4 Active Learning in
Classroom
Class time should be used in actively engaging with the
students in meaningful learning, analysing challenging
problems related to the subject, do collaborative work,
group discussions, technical analysis, quizzes and
project based learning’s.
Active learning engages students in the process of
learning through activities and/or discussion in class,
as opposed to passively listening to an expert. It
emphasizes higher- order thinking and often involves
group work. [4.f]
Active learning involves providing opportunities for
students to meaningfully talk and listen, write, read,
and reflect on the content, ideas, issues, and concerns
of an academic subject. Instead of spending all the time
writing detailed derivations and problem solutions on
the board for the students to copy, get them working
individually and in groups to confront problems
themselves during class. Whether or not they get the
right answer is not so important; what matters is that
they are actively involved in the search for it.
Biggest barrier for active learning is the age old
traditional classroom architectures that include
fixed seats, standard rows, lecterns, boards etc that
assumes teaching is only through lecture mode
of instruction. On the other hand active learning
classrooms are teaching and learning spaces that
allow students and faculty to move their course design
beyond the traditional lecturing. The room design,
flexible furniture, writing surfaces, and technology
all combine to support faculty in engaging with their
students through collaborative learning activities and
more participatory use of media.

“You could be the best “lecturer” in the
world, but that’s certainly not better
than Active Learning methods.”
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Active Learning
For example, University of Pittsburgh’s Brian Vidic says
the Swanson School of Engineering’s new Innovation
Floor fosters greater student-faculty collaboration.
The University of Pittsburgh is one of many U.S.
colleges and universities busily building new campus
buildings (or renovating existing buildings as their
budgets allow), to improve the teaching and learning
experience.
“We need to produce engineers who are not
only technically proficient, but who also have
communication skills and an eye for innovation in
creating the next wave of technology,” says Mary
Besterfield-Sacre, director of the Swanson School’s
Engineering Education Research Center.
Active learning classrooms facilitate diverse sizes
and groupings of students, creating a flexible and
supportive environment for a class to transition
seamlessly between a professor’s presentation and
facilitated student group work. Such rooms enable
options for supporting a myriad of teaching and
learning arrangements. [4.f]
Some of the key aspects of active learning strategies
are: [4.g]
• Students are involved in more than passive listening
• Students are engaged in activities (e.g., reading,
discussing, writing)
• There is less emphasis placed on information
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transmission and greater emphasis placed on
developing student skills
• There is greater emphasis placed on the exploration
of attitudes and values
• Student motivation is increased (especially for
adult learners)
• Students can receive immediate feedback from
their instructor
• Students are involved in higher order thinking
(analysis, synthesis, evaluation)
Research has empirically proven that, active learning
increases student performance in science, engineering,
and mathematics. [4.h]

5.5 Engineering Case Based
Learning
An engineering case study is an account of an actual
engineering activity, event, or problem containing
some of the background and complexities actually
encountered by a practicing engineer. Since cases
are accounts of “real-life” engineering activity, they
help the students to better relate theory to the “realworld”. Engineering case studies can be included at
all levels of the engineering curriculum, starting from
the first year in engineering degree up to the advanced
engineering learning.
Case based learning or Problem based learning,
involves the use of complex, ‘real-world’ problems as
Mastering Mind Academy Report | May 2014
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the stimulus and framework for learning. It is based
on the premise that students will be motivated to
‘want to know’ and solve the problem posed because
it is presented in a context that simulates real world
situations…as students engage in solving the problem,
they develop critical thinking and problem solving
skills while learning content and skills essential to the
course. [4.i]
This will simply open up the classroom to the
complexity of real world engineering problems which
will truly address the biggest shortcoming of our
education system that is always the gap between what
is learned in institutions versus what is practiced in
the industry.
A number of engineering case studies have been
developed and are available in the literature and on
the web. [4.j] [4.k] Case studies (or cases) are stories
intended to educate.
Case studies offer several advantages over lecturebased instruction such as:
•

better develop both analytical and decisionmaking skills.

•

involve the student in a real-world problem or
situation.

•

better case studies motive the student to learn.

5.6 Role of Faculty in Innovative
Engineering Education
Eventually it is the responsibility of faculty to facilitate
students acquire knowledge, skills and understanding
their respective engineering domains. There is not
always one single best teaching – learning method, but
a sensible combination of various techniques should
be used by the faculty appropriately. It is important
for faculty to learn more about teaching-learning
techniques which helps them to be more effective at
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what they are already doing and think about creating
new and more powerful ways of facilitating learning.
[4.l]
Engineering faculty must create innovative
educational programs to serve the needs of students
and technological challenges of today and tomorrow.
Faculty member must increase their role not just in
teaching but in taking ownership of student learning.
Faculty can play a vital role to encourage students to
learn their engineering domains thoroughly, enable
them in building a relevant and meaningful career.
On the other side faculty could also have an equally
distressing impact on students when they are not
driven with the passion for mentoring.
One of the most important influencing factors in
improving engineering education is transformation
of engineering educators. Somehow or the other this
should happen either by self interest or by institutional
demands.
But do remember, any change is truly painful. It is the
faculty who should decide, if they want to take the safe
road of traditional teaching or fundamentally change
tracks to become great teachers. Without sincere
commitment, willingness and hard work no faculty will
be able to create that highly engaged, deep discussing
and active learning classroom.
Innovation in the classroom needs major paradigm
shift in the engineering education profession, with
radical changes in curriculum, instruction strategies,
teaching-learning methodologies and collaborative
student-teacher relationship.

“The ultimate role of a faculty is not
to teach, but to help students learn.”
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6.1 Engineering Outside
Classroom

6.2 Curriculum Planning for
Learning outside classroom

Education happens both inside and outside the
classroom; however percentage of learning that
happens inside the classroom is much lower than
one’s practical learning outside the classroom. Our
engineering education system mandates students to
put long hours into learning engineering concepts,
principles, laws, etc, sitting inside classrooms,
listening to lectures, reading and memorising text
books. Just think for a minute, most important things
we’ve learnt are not inside classrooms obviously.
Idea is not to undermine the importance of classroom
teaching, but invite students and faculty to think about
the tremendous real time learning possibilities outside
the classroom.

Curriculum planning with sufficient and well
structured opportunities for students to actively
participate in learning outside the classroom is very
important. This should not be seen as a standalone
good to have activity, but should be integrally part of
the course planning, learning objectives and teaching
methodology. When planned and implemented
with utmost sincerity, this could greatly contribute
to significantly raising the standards of learning by
improving the student’s personal, social, emotional
and technical development.

Especially in engineering education learning outside
the classroom will have great contribution to the
student’s technical knowledge and engineering
thinking. Learning experiences outside classrooms
that promotes continuous technical growth should be
an integral part of the education process, instead of
spending most of the time inside classrooms. Students
will get gamut of opportunities to put their engineering
learning into practice only when they are encouraged
to take part in design, development and research with
faculty to gain real world experience.
Class room teaching with the primary focus on
semester exam marks and pass percentage can
only produce pool of engineering degree certificate
holders. Just imagine if a student is exposed to design
thinking and allowed to create simple solutions to real
world problems throughout the engineering course
that will certainly produce real engineering expertise
and creative geniuses.

“Learning
outside
classroom
provides the experiences of the world
as an essential part of personal and
professional development.”
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Integrated curriculum planning is a key factor to be
considered in learning outside classroom. Course
plan and learning methods should be an integral part
of long term course planning and should be closely
linked to the classroom learning process as well.
Some of the simple possibilities of creating
opportunities for learning outside the classroom are:
• activities within college campus, own buildings,
grounds or nearby places.
• Involvement of engineering and technology related
work, installations within the college premises
• supplementary activities, projects and hands on
experiments that goes hand in hand with the theory
classes
• assign some minimal field work related to the
subject they learn inside classroom
Answer this question. How many of your Electrical
engineering students had visited the electrical controls
room or power station that supplies power to the entire
campus which is located inside the premises? Are you
involving Computer science students to troubleshoot
your network problems within the campus?

6.3 Project Based Learning
Today’s engineers need to understand multiple
constraints that could impact any of their work in a
real time project situation. Project-based learning is an
instructional method in which students learn a range
of skills and subject matter in the process of creating
their own projects. Sometimes, these projects are
Forward Thinking Academics
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“Without breaking or burning few
electronic devices, wires, LEDs and
PCBs, one can never become a true
electronics engineer.”

• Apply knowledge of science, mathematics, and
engineering
• Design and conduct experiments and analyze data
• Design a system, component, or process to meet
desired needs
• Function on multi-disciplinary teams

solutions to a real-world problem. But what is most
important in project-based learning is that students
learn in the process of making something. They work
in groups and bring their own experiences, abilities,
learning styles and perspectives to the project.
Hands on learning happen only when students execute
engineering projects. Without breaking or burning few
electronic devices, wires, LEDs and PCBs, one can
never become a true electronics engineer. This applies
to all branches of engineering domains for sure.
In addition to regular classroom lecture and
discussion, some hands-on team projects such as the
egg drop contest or a catapult design projects should
be given to the students. In project based learning,
the focus shifts from a method of instruction that is
teacher driven and led to one where the student is
empowered to conduct self directed learning. One of
the best ways to teach engineering fundamentals is
through problem or project based teaching methods,
but by design we only have a project requirement
in the final year of engineering which is also flouted
badly with projects those were bought for cost and not
done by the students.
In fact, ABET (once an abbreviation for the
Accreditation Board for Engineering and Technology
but now only an acronym for the accreditation agency)
sets the following objective for engineering degree
programs:
“Students should gain an ability to apply knowledge
of mathematics, science, and engineering; to design
and conduct experiments as well as to analyze and
interpret data; to function on multidisciplinary teams;
and to communicate effectively.”
Some of the important aspects of true engineer that
could only be learned through project based learning
are as follows: [5.a]
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• Identify, formulate, and solve engineering problems
• Understand professional and ethical responsibility
• Communicate effectively
• Understand the impact of engineering solutions in
a global/social context

6.4 Laboratories - A Missed
Opportunity
In engineering and technology courses great emphasis
is given for theoretical learning before getting into
practice. In this process of exhaustive effort in covering
huge leaves only little opportunity for students to have
deep learning experiences that emulate the real life
professional practice and problem solving.
Laboratory experiments were primarily included as
part of engineering education as an adjunct to enable
students to learn the practical aspects of the theory
they learned inside classroom.
Unfortunately lab is a greatly missed opportunity as
mostly students are asked to follow a set of pre defined
experiments that’s been performed for many years.
Labs could be more effectively used in the curriculum to
support understanding the knowledge and integrating
that into skills. Students should be encouraged to
learn formulating skills, solving problems, analysing
alternatives, building strong technical case,
communication, team playing, collaborative thinking
and working skills. [5.b]

“It’s always amusing to see students
scoring 9.9/10 in Lab exams without
even knowing basic engineering
concepts in related subjects”.
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Transforming this one point of concern could greatly
impact engineering education to a larger extent.
Laboratory sessions should be used for true skill
building and inspiring passion for engineering in the
students.

Ideally industrial visit should be arranged during the
middle of a semester during the course of a subject to
visit any relevant industry where the classroom theory
could be connected with the practical engineering to
make the comprehension and learning better.

6.5 Industrial Visits and
Internships

If the ultimate purpose of industrial visit is to bridge the
gap between classroom theory and real engineering
field world, then the possibilities of indentifying
local industries closely related to the subject taught
could be of great possibility. Biggest myth to be
broken is industrial visit need not be only to a huge
manufacturing facility or a assembly plant, it could be
even a small or medium scale industry located locally
nearby.

Obviously industrial visit is an integral part of
engineering course during which students visit
companies to get in-depth and detailed insight
regarding the engineering, technology, operations and
various aspects of an industry. Primary purpose of
industrial visit is to understand and correlate the real
life engineering with the theory learned in classroom.
Regrettably industrial visit has been brought down to
a mere class picnic or annual tour where the major
focus is on fun and frolic but not about learning. [5.c]
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Nowhere in academia the real effectiveness of
industrial visits are measured and accounted into the
practical learning process.
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7.1 Conclusion
In this paper, we have sought to highlight the key
challenges ahead and how academic fraternity could
adapt their strategies and capabilities to remain
relevant in the future. We’ve also enumerated in
detail the various best practices from across the
world in Indian perspective of engineering education
transformation.

The real intention, strategic planning and active
involvement of providing quality education will alone
lead to better placements, innovation, research and
entrepreneurship. Smart institutions that decide to
inculcate forward thinking and build their strengths
based on the suggestions in this report will surge
ahead while leaving the competitors trailing behind.

The education scenario is undergoing fundamental
changes, young students and even parents are getting
more and more aware of what’s happening in the
engineering education world.

Next few years are going to be very critical for
engineering institutions that will eventually decide
even their existence and survival. Hence it’s is
inevitable for the academic managers to quickly
bootstrap and take quick actions to bring back focus
into the quality of engineering education.

There is no magic wand that will bring great admissions,
excellent placements, name and fame to the institution.
What is clear is that no longer the one page newspaper
advertisements, cinema hall ads, television sound
bites will get you where you aspire to reach.

Are you ready for the future of Engineering Education?
Questions that every stake holder in our Indian Engineering Education system should answer:
Are you in the process of creating passionate engineers or just graduates of engineering?
Are you creating the right academic environment that foster creativity, innovation and entrepreneurship?
Are you able to bring together best talent as faculty members and provide them will all support in becoming inspiring learning facilitators?
Are your strategic forecasts on engineering education accurate enough to make appropriate decisions for
the future?
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