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Educating 21st Century Engineers in India
Educating 21st century engineers has become highly demanding nowadays as
engineers are key professionals whose skills, knowledge, training, experience,
competence and initiatives are known to be responsible for national development,
prosperity, security and influence on the world scene. Moreover, engineering
education worldwide has been undergoing major transformations in recent years.
Of late, India has also been witnessing these developments/trends. As BITES can
play a key role in transforming engineering education to fulfill the expectations
from 'Technical Professionals in the 21st Century' outlined in an earlier BITES News Letter (Vol.15,
2009), the Guest Editorial is devoted to this theme.
Engineering Education
Major academic transformations witnessed in engineering education since the 20th century cover:
l
UG hands-on/practical skills (<1950s) to increasing science/analytical emphasis (1950s).
l
Problem solving/design/projects/research emphasis, UG and PG (1960s,'70s).
l
Learning/social concerns/quality/educational outcomes/accreditation*(1980s,'90s).
l
Expanding role of information technologies in engineering education*(2000s).

(*Continuing unabated in the 21st century also)
Major 21st century challenges observed to influence engineering education in India include:
l
Increasing influence of S&T on society and shrinking time scale of S&T developments.
l
High rate of obsolescence of old practices and seeking IT-based solutions to problems.
l
Globalization of employment sector leading to high level of competitiveness.
l
Growing need for keeping pace with S&T advances as knowledge driving progress.

As a result, the desirable competencies of 21st century engineers cover:
l
Knowledge of basics of science/engineering with command over specialization subjects.
l
Applying the knowledge/skills acquired to innovate, develop new products/processes.
l
Analysis, design, modeling, simulation skills and integrating ICTs in professional work
l
Rational/logical/orderly/objective thinking &leadership, tolerance, patience, team work.

Present Expectations
Education being a social process, the faculty role in educating 21st century engineers expected to:
l
Team up with students in class-room work as their mentor, advisor, motivator& friend.
l
Decide on what, how much and how to teach and helping them to learn more.
l
Educate them to explore alternate pathways and initiate in thinking skills/creativity.
l
Inculcate innovation, research culture and strive for excellence in all their activities.

The above expectations demand faculty competencies, like being:
l
Well qualified, experienced and motivated with skills in teaching and research.
l
Experts in teaching/learning/assessment practices and in leading R&D teams.
l
Conversant with social/professional issues with ability to take up extension activities.
l
Able to conduct relevant R&D/consultancy with research publications and/or patents.

These will be of much help to faculty in gaining the confidence, respect and admiration of students. At
the same time, the students' profile to become 21st century engineers needs to emphasize:
l
High merit, talent, motivation with aptitude for taking up engineering careers.
l
Competence in science/technical subjects with interest in both theory and applied work.

And the institutional profile for educating 21st century engineers needs to cover:
l
100% Academic autonomy and accreditation status at a high level.
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l
Financial/administrative/managerial autonomies to the extent possible.
l
Strong leadership and good governance with openness and transparency.

Situation in India
Massive expansion of engineering education in recent years with wide range of diversities:
l
Ever increasing intake capacities (currently ~1.7 million) for student admissions.
l
Many Universities (~800) with varieties-General, Technological, Deemed, Private, Elitist.
l
Large number of Colleges (~3900), many varieties -Affiliated, Constituent, Autonomous.
l
Wide range of locations like metro/urban/semi-urban/rural leading to cultural differences.
l
Many

types of funding approaches: Government, Govt. Aided, Private, Not-for-profit

Company.
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But, major concern: Only limited number of Institutions (<10%) having academic autonomy and ready
for educating 21st century engineers. Urgent steps needed to correct the situation with new strategies
like:
1. Speed up progress in pockets of excellence:
Identifying institutions having high level of autonomy and enabling them to excel through governance,
financial, administrative, managerial and technical support/initiatives, followed by:
l
Bench-marking their academic/research/extension with those at elite institutes e.g.,IITs.
l
Undertaking regular curriculum up-gradation/revision and academic audit/accreditation.
l
Encouraging faculty to take up research, guiding projects, publications and patenting.
l
Rational faculty time/effort breakdown: Teaching 40%, Research 40%, Extension 20%.

2. Enhance the level of UG/PG courses in all other institutions:
Here, eligible institutions need to be enabled to get autonomous status from their Regulatory Bodies
soon for enhancing the quality/standard of their academic programmes so that they can:
l
Set

up state-of-the-art learning environment and adopt international teaching/learning

practices.
l
Establish Internal QA Cells for taking up academic audit and going for accreditation.
l
Encourage faculty to attend FDPs regularly for orienting them to face the challenges ahead.
l
Increase research/projects supervision and improve record of publications/patents.

Besides, institutions covered under both the strategies
need to:
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l
Provide better teaching: learner-centric, interactive, problem solving and homework.
l
Supplement face-to-face teaching methods by Internet, e-learning and new technologies.
l
Reform assessment for better achievement testing of knowledge and learning acquired.
l
Take up sponsored R&D and consultancy work to assist in internal revenue generation.

These strategies are expected to enhance national capabilities for educating 21st century engineers so
that they are self-reliant/self-sustaining professionally with contemporary learning
experience/expertise in their chosen subjects, have2 concern for real-life/social issues and are ready for
exciting careers ahead. We visualize BITES playing a stimulating role in this endeavour.

Prof B S Sonde

3

From Chairman's Desk

The Fourth Industrial Revolution
The Theme for the recently concluded World Economic Forum in Davos was The
Future of Jobs : Employment, Skills and Workforce Strategy for the Fourth Industrial
Revolution. The dataset that forms the basis of the Future of Jobs Report was the
result of “an extensive survey of CHROs (Chief Human Resource Officers) and
other senior talent and strategy executives from a total of 371 leading global
employers, representing more than 13 million employees across 9 broad industry
sectors in 15 major developed and emerging economies and regional economic areas”. It seeks to
understand the current and future impact of key disruptions on employment levels, skill sets and
recruitment patterns in different industries and countries.
The Fourth Industrial Revolution is referred to as Industry 4.0 and facilitates the vision and execution of
a "Smart Factory". It is a collective term embracing a number of contemporary automation, data
exchange and manufacturing technologies. The term was first used in 2011 at the Hannover Fair. In
October 2012 the Working Group on Industry 4.0 chaired by Siegfried Dais (Robert Bosch GmbH) and
Kagermann (Acatech) presented a set of Industry 4.0 implementation recommendations to the German
federal government. There are six design principles in Industry 4.0: Inter-operability, Virtualization,
Decentralization, Real-time capability, Service orientation and Modularity.
The first industrial revolution mobilised the mechanization of production using water and steam power.
The second industrial revolution then introduced mass production with the help of electric power,
followed by the digital revolution and the use of electronics and IT to further automate production.
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The Fourth Industrial Revolution, which includes developments in previously disjointed fields such as
artificial intelligence and machine-learning, robotics, nanotechnology, 3-D printing, and genetics and
biotechnology, will cause widespread disruption not only to business models but also to labour markets
over the next five years, with enormous change predicted in the skill sets needed to thrive in the new
landscape. It describes the revolution as following steam, electricity and electronics, and involving a
joining of “extreme automation” and “extreme connectivity”. Low-skilled jobs will be affected, and middle
class roles will also be increasingly automated out of existence. “Middle skill” employees would feel the
“greatest disruption”. “Inequality increases not just between developed and developing and emerging
countries,” explained UBS chairman Alex Weber, according to Sputnik News. “It's also within our
society. It will have an impact not only between the rich and the poor but also the young and the old.”
Tech Republic notes that an increase in aggregate worldwide unemployment, however, is not modeled
in the research, with workforce productivity increasing and new jobs being created. Also anticipated is a
reshoring of manufacturing to higher-wage countries, driven by robotics, automation and 3D printing.

Prof. R. Natarajan
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Two Day Faculty Development Workshop on
Embedded System Design using ARM Controllers
Venue: Srinivas Institute of Technology
Date: December 4 & 5,2015
Trainer: Prof. Harish V Mekali & Prof. Surendra H H, Electronics and
Communication Department, BMSCE Bangalore.
No. of Participants: 50

ARM (Advanced RISC Machine) is the mostly wised used architecture in the embedded industry. It finds
its application ranging from basic control systems to large servers. Currently most of the mobile phones
are powered by ARM architecture.
ARM Ltd., the company that designs and licenses ARM architecture, trained few faculty of BMS College
of Engineering (BMSCE), Bengaluru to propagate the importance of the ARM. Among the faculty that
were trained, Prof. Harish V Mekali and Prof. H.H. Surendra were the resource persons for the said
workshop at SIT, Mangalore.
The workshop started with an Inaugural function presided by Prof. Suresh. Then Prof. Harish Mekali
started the session with an Introduction to Embedded systems, introduction to Android devices, Android
Architecture, Setting up the development environment, Eclipse Usage, Create and Manage Android
Virtual Device, DDMS, Creating and Managing Projects.
Then in the afternoon session, training started with building and running 'HelloWorld Application'. After
this, there was an elaborate session on Anatomy of Android Application, Development Tools and
Android Application Fundamentals.
On day 2, the participants were asked to build a simple application based on the knowledge they gain on
the first day. After that there were sessions on Initiating Call, Configuring Android Applications Using the
Android Manifest File, Working with Permissions, Defining on Click Listener, Adding an Activity, Linking
Activities and developing an application to understand Activity Life Cycle.
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In the afternoon session, the participants were trained to develop Quote Application, Media Player
Application, Quiz Application and importing existing application.
The trainers ended the workshop explaining how to explore online resources for the development of
apps.

Two Day Faculty Development Workshop on
Responsive Web Applications
Venue: NMAM Institute of Technology, Nitte- 574110
Date: February 4 & 5,2016
Trainer: Mr. Sudhakar Y R, Seasoned Software Engineer, Bangalore.
No. of Participants: 50

Until relatively recently, websites could be built at a fixed width, such as 960 pixels, with the expectation
that all end users would get a fairly consistent experience. This fixed width wasn't too wide for laptop
screens, and users with large resolution monitors merely had an abundance of margin either side. But
now, there are smart phones. Apple's iPhone ushered in the first truly usable phone browsing
experience, and many others have now followed that lead. Unlike the small-screen web browsing
implementations of yesterday, that required the thumb dexterity of a Tiddlywinks world champion to use,
people are now comfortably using their phones to browse the Web. In addition, there is a growing
consumer trend of using small screen devices (tablets and netbooks, for example) in preference to their
full screen brethren for content consumption in the home. The indisputable fact is that the number of
people using these smaller screen devices to view the Internet is growing at an ever-increasing rate,
whilst at the other end of the scale, 27 and 30 inch displays are now also commonplace. There is now a
greater difference between the smallest screens browsing the Web and the largest than ever before.
Thankfully, there is a solution to this ever-expanding browser and device landscape. A responsive web
design, built with HTML5 and CSS3, allows a website to 'just work' across multiple devices and screens.
And the best part is that the techniques are all implemented without the need for server based/backend
solutions.
Responsive web design is an approach to web design aimed at crafting sites to provide an optimal
viewing and interaction experience – easy reading and navigation with a minimum of resizing, panning
and scrolling across the wide range of devices.
The resource person started the first day with Introduction to Web application, Deployment Architecture,
Boot Strap and a CSS3 Frame work. In the afternoon, he explained the concepts with simple examples
and the asked the participants to look into the software which was uploaded and play around the
software and observe the changes in the sizing and contrast.
The next day, he started introducing the Web client application, Java Script- Frame work Angular JS. He
also introduced Note JS with simple examples and in the afternoon, he introduced simple examples
which were solved by the participants.
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Two Day Workshop on “OBE: Teaching, Learning & Evaluation”
Sponsored by NAAC, Bengaluru
Date: 14th & 15th February 2016
Venue: BMSCE, Bangalore
Inaugural Address by Prof. R. Natarajan
Topic: Relevance of OBE to Washington Accord

In engineering education, the outcome based approach has been mandated as compulsory for
accreditation of an engineering program for signatories of the Washington Accord. The main problem
with implementation of outcome based education is the broad definition of outcome based education
itself. While it emphasizes the achievement of outcomes, this also refers to the achievement of learning
outcomes (LO) for a particular course. The concept of OBE also does not provide for any specific
procedure or follow a single idea in achieving the outcomes which led to confusion as to how best to
implement OBE curricula. The original concept of OBE includes the cyclic continual improvement with
meaningful revision of teaching and learning pedagogies, delivery and assessment methods.

Difference between Traditional Learning and OBE
In traditional learning, the outcomes are mostly labelled as learning objectives which encourages the
construction of LO being direct translation of course contents objectives.
In OBE, the outcomes should be significant achievements which stretches beyond the achievement of
particular course contents and contributes to the behavioral attributes of the students.
The ultimate aims of outcome based education in engineering education is to equip the undergraduates
of an engineering program with the attributes necessary for them to transition themselves into
professional career as a global engineer. The utilization of Bloom's Taxonomy, Cognitive Domain,
Psychomotor Domain and Affective Domain is implemented across all courses in each assessment
inclusive of final exam, tests, assignments and projects.
Soft skills such as lifelong learning, project management, awareness on sustainability issues and social
responsibilities as an engineer as well as engineering ethics are embedded in the assignments, case
studies and projects. The attainment of soft skills is difficult to measure. The assessment of soft skills
must be conducted in several courses across the discipline to be proof of acquired skill.

Revisions of ABET Criteria 3 –Proposal:
In an effort to keep the criteria relevant, fresh and compelling. Criterion 3: Student Outcomes.
Criterion 3: to ensure that the outcomes are richer and measurable, but above all realistic The EAC was
receiving requests from constituent groups for additional outcomes to be included in Criterion 3.
Domestic undergraduate and graduate engineering programs, industry, and professional societies are
the members of the Task force.
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Shortcomings Revealed by Reviews and Feedback: Shortcomings were reported in all 11 of the (a)-(k)
components of Criterion 3, mostly at the weakness or concern level. The data collected revealed that
programs had the most difficulty in determining the extent of outcome attainment with components: 3(d)
(ability to function on multidisciplinary teams), 3(f) (understanding of professional and ethical
responsibility), 3(h) (a broad education to understand engineering solutions in global, economic,
environmental, and societal context), 3(i) (recognition of the need for and ability to engage in lifelong
learning), and 3(j) (knowledge of contemporary issues).
The Criterion 3 task force concluded that some of the (a)-(k) components were interdependent, broad
and vague in scope, or impossible to measure. As a consequence, program evaluators were
inconsistent in their interpretation of how well programs were complying with Criterion 3.
Some constituent groups independently informed the EAC that important outcomes were missing from
the (a)-(k) list and they proposed additional outcomes. Communications with constituent groups took
the form of email, letters, presentations, and position papers. Suggested additions to the list of
outcomes brought the total to 75. The Task Force grouped the suggestions into six topic areas that
would drive a possible major change to Criterion 3.
This possible change would also serve to align ABET criteria more closely with Washington Accord
graduate attributes including project management and finance. The Criteria Committee examined and
catalogued all inputs received. Further discussions in 2014-15 resulted in addition of a seventh topic
area, so that the following topic areas would be addressed:
The Seven Topic Areas: 1. Engineering problem solving, 2. Engineering design, 3.
Measurement, testing, and quality assurance, 4. Communication skills, 5. Professional
responsibility, 6. Professional growth, and 7. Teamwork and project management
The Criteria Committee will be collecting and analyzing all input received before June 15, 2016.
Based on feedback received and realizing the importance to engage as many perspectives as possible,
the EAC has agreed to extend the deadline to June 30, 2016 for public comment.

BITES is not responsible for the views expressed by the contributors
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