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Abstract
Characteristic feature of 21st century engineering is joining of 
science, technologies, economics and humanities.
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I. Role of Engineering
Civilization cannot grow and progress in a world divided by wealth 
and poverty, health and sickness, food and hunger, communication 
rich and communication poor. Engineering will have a major role 
to play in these complex aspects with the assistance of many 
disciplines, like, humanities, economics, social science etc. In the 
decades ahead engineers will be the partners with the scientists in 
the great quest for understanding of many unanswered questions 
of nature projecting a better future for humankind.

II. Introduction
Throughout human history engineering has drawn advancement 
of civilization. The Early Stone Age, at least 2.6 million years 
ago, includes the most basic stone toolkits made by early humans. 
This helped humans not only for hunting but also to protect 
themselves from the attack of animals. The art of tool making 
helped humans to shipbuilding uniting world’s people to unite 
through trade and travel. During Renaissance we have observed 
Science Revolution that provided the seeds that germinated 
into sophisticated engineering helping civilization to grow. As 
civilization progressed the art of engineering also progressed. It 
helped developing tools for agriculture, sophisticated technologies 
for producing textiles improving the living conditions for humans. 
Invention of mechanical clock and printing press irrevocably 
changed civilization.  
The Industrial Revolution provided strong muscle power to the 
frail limb of humans through the development of machines that 
replaced human labor by machines. As a result improved systems 
for sanitation enhanced health, and the steam engine facilitated 
mining, powered trains and ships, and provided energy for factories 
that influence every niche of life. 
In the century just ended innovation topics, like, widespread 
development and distribution of electricity and clean water, 
automobiles and airplanes, radio and television, spacecraft and 
lasers, antibiotics and medical imaging, and computers, Internet, 
etc., it is seen that engineering revolutionized and improved 
virtually every aspect of human life. This clearly demonstrates 
that the 20th century was dominated by physical capital and lots 
of physical objects but also brought about Knowledge Revolution. 
The century ahead poses challenges as formidable as any from 
millennia past. The 21st century list of innovation topics seems 
to be dependent on providing knowledge resources through the 
Internet, and computers and communication devices, for example, 
weather prediction and control, traffic and logistics, terrorism and 
security, implanting human intelligence into the machine, etc., all 
depend on availability of vast sources of knowledge and rapid 
dissemination of this knowledge to the right, connected people. 
Thus, the 21st century will be dominated by intellectual capital 

and lots of virtual objects and virtual reality.
As the population grows and its needs and desires expand, the 
problem of sustaining civilization’s continuing advancement, 
while still improving the quality of life, looms more immediate. 
And products and processes that enhance the joy of living remain a 
top priority of engineering innovation, as they have been since the 
taming of fire and the invention of the wheel from the Paleolithic 
Age.

III. Typical Job Opportunity 
Mr. Ron Zarella, Chief Executive Officer of Bausch and Lomb 
explains: “Consider a product called “INTERPLAK”, the different 
parts of which are imported from different countries: 
1. The electromechanical design is done in Germany and Japan. 2. 
The batteries are supplied from Japan, 3.The motors are built in the 
Peoples Republic of China. 4. The charging base is made in Hong 
Kong. 5. The precision-made plastic pieces are manufactured in 
Atlanta, Georgia. 6. The brush head is made in Ohio. 7. The final 
assembly is done in Mexico”.
Hence, in the present age an engineer trained in one country works 
in another country with different cultures and different languages. 
Therefore an engineer needs to be flexible and competent, 
possessing excellent communication skill as well as soft skills to 
excel in the cosmopolitan scenario. “Communication is more than 
a vehicle for transmitting what we know; it also affects what we 
know”. He/she has to transcend all cultural and linguistic barriers 
to prove him/her worthy of being a true 21st century engineer. 
He/she has to adjust in a dynamic multicultural setup just like the 
“Interplak” product that enjoys its many foreign parts to become 
one single omnipotent whole.

IV. Definition of Engineers Redefined
Engineers with strong foundation in science and excellent 
communication skill having divergent thinking ability and ability 
to synchronize with cultural diversity are ideally suitable for 21st 
century. 
“Scientists investigate that which already is; Engineers create that 
which has never been.” - Albert Einstein
It is very important to note: 
“The B. Tech degree should be considered as a pre-engineering or 
“engineer in training” degree. M. Tech degree can be recognized 
as the engineering “professional” degree (National Academy of 
Engineering, USA)”

V. Divergent and Convergent Thinkers
The acquisition through education of humanities and social 
sciences cannot be regarded just as an extension of knowledge 
capital. It provides professional engineers with means of new way 
of critical thinking and inquiry. Hudson in a study of humanities 
and engineering graduates found that humanities students had 
highly developed divergent thinking skills helping them to think 
innovatively or creatively, and to think uniquely and artistically. 
They are extraordinary thinkers having exciting and interesting 
ideas. Whereas engineering graduates were more convergent 
thinkers, who think in a similar way as any one does. Such 
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thinking lacks unique way of interpreting ideas and therefore 
are ordinary and monochromatic individuals having no out of 
the box thinking. These thinkers are easily accepted in society 
than divergent thinkers. Divergent thinkers are more effective 
in conceptualizing an issue into a problem which itself could be 
further conceptualized. Convergent thinkers, on the other hand, 
were less conceptual but more effective in setting the parameters 
of the problem and, in a mechanistic way, solving it. 

This reminds me of the beautiful poem by Robert Frost “Stopping 
by Woods on a Snowy Evening” where the last four lines sums 
up the venture of a 21st century engineer: 
The woods are lovely dark and deep,
But I have promises to keep,
And miles to go before I sleep,
And miles to go before I sleep.
Daring to venture into the dark and the unknown is what makes 
an engineer conquer the world and places him away from the 
ordinary.  Therefore an engineer in its true sense needs to acquire 
a substantial amount of knowledge in Humanities and Social 
Sciences. In fact combination of convergent and divergent thinking 
is a good representation of techno-science. 
“When a tree falls in a forest and
no one is there to hear it, does it
make a sound?” -  Kant

VI. Applied Science: Basics of Advanced Engineering 
Systems

Fundamental studies on pendulum by Galileo in 1602 led to 1. 
the development of clocks.
Fundamental studies on electromagnetic fields by Maxwell, 2. 
Hertz and J C Bose led to the development of radio and 
television.
Maiman built the first laser in 1960 borrowing the fundamental 3. 
idea of stimulated emission of Einstein. This led the widespread 
commercial uses, such as optical communication, medical 
imaging, etc.
New quantum computers are emerging from the use of trapped 4. 
Bose-Einstein condensates of atoms.
Genetic engineering emerged from determination of DNA 5. 
structure.
The world’s first cure of influenza (Releza) arose from 6. 

the X-Ray crystal structure determination of enzyme, 
neuraminidase used by the influenza virus to get into cells.
The principle of nuclear magnetic resonance (NMR) led 7. 
to medical imaging technology widely used for medical 
diagnosis.

As a matter of fact this list can be extended to any length.

VII. Testimony to the Ingenuity and Skill Needed in 
Engineering Education
The Pharos of Alexandria, the pyramids in Egypt, the Hanging 
Gardens of Babylon, the Acropolis and the Parthenon in Greece, 
the Roman aqueducts, Via Appia and the Coliseums, Teotihuacán 
and the cities and pyramids of the Mayan, Inca and Aztec Empires, 
the Great Wall of China, the Brihadeshwara temple of Tanjavur 
and tombs of India, Tajmohal,  Mobile Communication, Internet, 
Firing of Rocket, Laser, MRI,  Launching of Satellites among 
many others, stand as a testimony to the ingenuity and skill needed 
in engineering education.

VIII. Engineer and Practical Work
It is painfully observed that in underdeveloped countries there is 
a trend to avoid laboratory teaching in engineering institutions 
in contrast to those in developed counties. Security to laboratory 
teaching in engineering colleges is a major concern, I believe. Let 
us recapitulate the meaning of the word “Engineer”. 
The American Engineers’ Council for Professional Development 
(ECPD, the predecessor of ABET) has defined “engineering” 
as:
The creative application of scientific principles to design or develop 
structures, machines, apparatus, or manufacturing processes, or 
works utilizing them singly or in combination; or to construct or 
operate the same with full cognizance of their design; or to forecast 
their behavior under specific operating conditions; all as respects 
an intended function, economics of operation or safety to life and 
property. One who practices engineering is called an engineer, 
clearly emphasizing the need of practical work: 
Laboratory and practical work are characteristic features of an 
undergraduate degree programme in any engineering discipline. 
In the UK, laboratory teaching can account for up to 50% of the 
contact time and, additionally, much of students’ study time is 
taken up writing and researching for practical and project reports, 
with possibly 20–30% of marks at each level awarded on the 
basis of assessment tasks associated with practical work. Many 
academics and authoritative bodies would claim that a significant 
level of practical experimental activity in the laboratory is essential 
to the formation of technologists.
Laboratory work is a prominent feature of education in Science 
and Technology based subjects. In the laboratory students can 
explore their understanding of the subjects being taught by placing 
their learning in context. Good laboratory and practical work can 
also help students develop expertise in critical enquiry, problem 
solving, experimental design, data analysis and presentation, and a 
long list of important academic and professional abilities. Students 
can also be motivated to learn in the laboratory context if they 
can feel a spirit of excitement when investigating a scientific 
phenomenon, or when creating something that actually works. 
Students will tend to remember an occasion where a laboratory 
class was particularly enlightening, although may also remember 
many hours of tiresome exercises which seemed to teach them 
very little.
Laboratory experiences can be powerful tools in the engineering 
and polytechnic education system, since the laboratory is the 
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primary location to develop the skills and competences that 
industry requires. A student is expected to work in a laboratory for 
40-50% of the time. Thus, the laboratory has become an extremely 
important place of learning.

Furthermore, Language Laboratory classes make an engineer 
more dynamic and efficient. The role of a language teacher can 
fill up the gaps and lacunae left at the engineering laboratories. 
Only a dedicated language and a soft skill teacher can fulfill the 
goal of making a 21st century engineer fit into the multicultural 
set up through his acquisition of knowledge and development of 
his/ her personality. Developing ones personality in the language 
laboratory is done by giving students abstract group discussion 
topics and through such topics an engineer blooms out successfully 
through his divergent ideas and thinking. His/ her ideas during the 
discussion are original, creative and mind blowing. He or she does 
not survive on borrowed ideas and concepts. Therefore a sincere 
language teacher prompts his / her students to think differently 
and give logical deliberations during the GD sessions.

IX. Postlude
 “Throughout human history, engineering has driven the advance 
of civilization. From the metallurgists who ended the Stone Age to 
the shipbuilders who united the world’s peoples through travel and 
trade, the past witnessed many marvels of engineering prowess. As 
civilization grew, it was nourished and enhanced with the help of 
increasingly sophisticated tools for agriculture, technologies for 
producing textiles, and inventions transforming human interaction 
and communication. Inventions such as the mechanical clock and 
the printing press irrevocably changed civilization. In the modern 
era, the Industrial Revolution brought engineering’s influence 
to every niche of life, as machines supplemented and replaced 
human labor for countless tasks, improved systems for sanitation 
enhanced health, and the steam engine facilitated mining, powered 
trains and ships, and provided energy for factories.” Implanting 
human intelligence into the machine for the benefit of humankind 
will be a major challenge of the 21st century engineering.
Let us remember that we are living in an age of limitation 
and infrastructure is aging and is falling. Engineers will have 
to cater to innovating systems and methods for rebuilding the 
infrastructure within the constraint of limitation. As we all know 
without innovation there will be stagnation and the root cause of 
stagnation is not having divergent thoughts. Therefore I would 
like to end this way:

Learning and re-learning and out of box thinking… Are the 1. 
prime works of a student of Engineering
Creating and re-creating are the tasks of a divergent thinker. 2. 

That makes an engineer the greatest 21st century seeker.
Bursting with originality and artistically innovative, the 3. 
divergent thinker therefore is inquisitive.
What does a 21st century engineer needs to view? It is to 4. 
conquer and dismantle the old for new.

Wisdom and not knowledge alone is the most important and vital 
raw material for 21st century engineering. We should now go 
beyond syllabus centric teaching basically loading the students as 
much as knowledge as possible – virtually based on the principle 
of “one-size-fits-all”. This reminds me two quotations - one from 
T S Elliot and the other from Rabindranath Tagore:

“Where is the wisdom we have lost in knowledge?”
	 	 	 	 	 ―	T	S	Elliot

“The small wisdom is like water in a glass: clear, transparent, pure. 
The great wisdom is like the water in the sea: dark, mysterious, 
impenetrable.” 
    ―	Rabindranath	Tagore

Finally, it is my feeling and conviction that we will not be 
able to compete with the western world in terms of the use of 
sophisticated instrumentation, but we will be able to compete 
with the western world with our brain and intelligence as our 
forefathers has established. For example, Aryabhata inventor of 
“zero”, Varahamihira inventor of trigonometric relations, J C Bose 
inventor of wireless communication, Satyen Bose inventor of 
“Boson”, C V Raman inventor of SRS microscopy, R Srinivasan 
inventor of laser surgery, and so on. My students should not 
think that they are “Job-seekers” only, but they have the ability 
of becoming “Job-givers” instead. This is the way of advancing 
our country.
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