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Abstract
Engineering technology is evolving rapidly in the Information Age, much faster than institutions of learning can upgrade 
their programs and syllabi. India has developed more engineering programs that dwell on mathematical analysis, theory and 
an understanding of the science rather than engineering technology programs which focus on application of science to solve 
real-world problems. Industries rely on innovation which is all about making incremental modifications to existing solutions 
with the intention of adding value or improving the efficiency. Thus there is a fundamental disconnect in the expectation 
of industry from graduating students and the focus of engineering programs. In this paper, we will consider the aspect of 
industry-readiness of graduating engineers, focusing on three areas of engineering, namely, electronics and communication 
engineering, Electrical Engineering, and computer science. The objective of the paper is to identify the gaps and suggest 
ways to fill this gap.
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Introduction

Engineering and engineering technology are often used as 
synonymous terms and there is not much difference between 
undergraduate or graduate programs offered in the country 
in either discipline—employers do not particularly consider 
whether a student has a degree in Engineering or Technol-
ogy. However, a majority of the employers who visit cam-
puses for hiring may be looking for potential employees 
who can apply engineering principles. In other words, these 
employers are looking for students with a degree in technol-
ogy. As identified by Accreditation Board for Engineering 
and Technology (ABET), engineering undergraduate pro-
grams include more mathematics and higher-level math and 
focus on theory as compared to technology programs. Tech-
nology programs focus on application. At the work place, 
“engineering graduates may be expected to spend their time 
planning, while engineering technology graduates spend 
their time making plans work (Wikipedia 2020a).” There 
is a fundamental disconnect in the demand and supply—a 
majority of engineering colleges in India offer degrees in 

engineering. GATE, which is considered a mandatory exam 
for both engineering and technology programs in the country 
is called Graduate Aptitude Test in Engineering. Students 
who enter an undergraduate program in engineering spend 
about a third of their time studying mathematics, physics, 
and chemistry. Most colleges employ lecturers with a degree 
in mathematics, physics or chemistry to teach these courses; 
these teachers are rarely able to connect the principles being 
taught in the class with their engineering applications. An 
example is the treatment given to solution of differential 
equations; a student of electronics, communications, electri-
cal engineering and computer science rarely require the tech-
niques that are taught for solving second-order equations. 
I cannot recall a good example of second order equation 
with variable coefficients or an excitation other than DC or 
sinusoidal; yet, text book examples in mathematics tend to 
be unnecessarily complex and distract the student from the 
main purpose. As a matter of fact, the response of an RLC 
circuit to a sinusoidal excitation is an excellent example, 
but mathematical text books do not consider such examples, 
probably because the intention is to avoid examples from any 
one particular branch of engineering. Thus, when teaching 
circuit analysis, the instructor will likely repeat the math-
ematics behind solution of a second-order linear differential 
equation with constant coefficients.
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Even when text books carry excellent examples on appli-
cations, they are left out from the syllabus. A good example 
of this is linear algebra—while numerous text books have 
been written to emphasize the applications of linear algebra, 
students are rarely exposed to the applications. Modern text 
books emphasize on the use of computer software tools such 
as MATLAB to solve problems, but colleges overlook this 
suggestion and expect students to use calculators to solve 
numerical problems. As a result, the numerical problems 
are unrelated to any practical application. Even the courses 
pertaining to engineering disciplines include significant 
amount of mathematical analysis. As noted earlier, engi-
neering teachers end up repeating mathematical concepts 
such as Fourier analysis, Laplace/Fourier Transform, prob-
ability theory, and poles and zeroes of a complex function. 
The same can be said of engineering chemistry and phys-
ics. There is merit in redesigning the curriculum to include 
the math, physics and chemistry on an “as needed” basis in 
the core courses of engineering disciplines. Text book writ-
ers always include the mathematical concepts required for 
engineers as an integral part of the text to aid the teachers. 
Taking such an approach will free up significant amount of 
time in the first year of the engineering curriculum, which 
can be used to emphasize on concepts that are more relevant 
today, as discussed in later sections of this paper.

The topic of industry-readiness of graduating engineers 
has been discussed in numerous forums and I have organized 
many such panel discussions in various conferences. Often, 
these discussions turn into a blame game, where representa-
tives of industry and academia begin to call out their expec-
tations from the other and express their anguish that the 
other party is not doing enough towards industry readiness. 
In this paper, we will consider the disciplines of electron-
ics and communication engineering (ECE), electrical engi-
neering (EE) and computer science (CS) and consider what 
industry-readiness means in each of these disciplines. The 
sudden growth of the Information Technology (IT) sector 
in India in the 1990s, the subsequent growth in the number 
of multinational companies led to a skew in the demand for 
talent. Easier availability of jobs in the IT sector prompted 
engineering students from all disciplines to opt for these 
positions. This imbalance adversely impacted research and 
development (R&D) in a number of sectors.

A number of educational institutions began to consider 
closing down programs in branches other than CS or IT. 
Since students graduating from disciplines other than CS 
and IT were also getting placed in jobs related to IT, the 
college management questioned the investment in running 
programs other than CS and IT. Interestingly, CS and IT 
departments did not need much infrastructure, since most 
students could afford to have their own personal computers 
and began to use open source software tools. With an eye on 
jobs, students began to take elective courses related to CS 

and IT; as a result, electives offered by the home department 
faced a setback. Students who would otherwise have carried 
out projects in their major field of study began to look for 
projects in CS and IT. This left an impact on the research of 
faculty members.

Needless to say, it is myopic to dis-invest in other pro-
grams due to a boom in one sector. There are several pre-
decessors to this phenomenon from where we can draw a 
lesson. In the 1980s, the arrival of the microprocessors, DSP, 
and microcontrollers triggered an unprecedented interest 
in digital electronics, so much so that analog electronics 
became marginalized. But in the 2010s, there was a revival 
of interest in analog semiconductors and the semiconductor 
companies found themselves in a dire situation looking for 
students who had a good background in analog integrated 
circuit design; in fact, most colleges had no or very few 
teachers to teach concepts in analog design. Companies had 
to invest significant amount in retraining students in analog 
design. A second example is the disappearance of courses 
such as power electronics and electronic measurements 
from the ECE curriculum. Formation of departments such 
as Electrical and Electronics and Electronics and Instru-
mentation may have resulted in a decision to remove such 
courses from ECE. In the past decade, there is a renewal 
of interest in power semiconductors thanks to integration 
of power management blocks in integrated circuits. Simi-
larly, the emergence of the Internet of Things (IoT) has led 
to an increased usage of measurements and smart metering. 
IoT end devices are equipped with sensors that can measure 
medical signals, electrical power consumption, water flow in 
a pipe, speed of a car, and so on. Since power electronics and 
measurement techniques have been neglected in undergradu-
ate and graduate curricula, companies find it hard to find 
engineers who have a strong background in these domains.

This paper is organized as follows. In “Expectations of 
Industry”, we will begin by looking at the general expecta-
tions of industrial corporations from graduating engineers. 
In “Electronics and Communications Engineering”, we will 
examine the growth of the Electronics and Telecommunica-
tion sector and consider the gap between industrial practices 
and the instructional curriculum that is in vogue in Indian 
institutions. We will do a similar exercise in “Electrical 
Engineering” for the field of Electrical Engineering and in 
“Computer Science” for the field of Computer Science. Dis-
cussions and some conclusions are presented in “Discussion 
and Conclusions”.

Expectations of Industry

In this paper, I will only focus on industries related to elec-
tronics, electrical, and computer engineering. Every com-
pany that hires engineers will look for two kinds of skills 
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from students—(1) technical skills and (2) soft skills. Unlike 
experienced engineers who are hired for a specific job and 
are expected to possess specific technical skills, college 
graduates are hired for a broad role and are expected to have 
foundational knowledge and aptitude for the role. Compa-
nies offer opportunities for technical development for the 
new hire to gain the right skills to perform a specific role. 
Technical development (TD) may take the form of training 
sessions led by an instructor or may take the form of on the 
job training. The success of technical development opportu-
nities offered by engineering colleges as well as the company 
is measured by how fast a new hire can ramp up to perform 
his/her job. There are differences that must be noted between 
TD opportunities offered in an academic setup versus those 
that are offered in a corporate setup. College courses are 
spread over a semester and the total duration of instruction 
of about 30–40 h is divided into classes that are an hour 
in duration. In contrast, company trainings are offered as 
crash courses which are 3–5 days in duration, with up to 8 h 
of instruction/lab time each day. Corporate technical train-
ings demand tenacity and concentration from participants. 
In the work from home situation enforced by the COVID-
19 pandemic, corporates have switched to on-demand and 
self-paced trainings which have eased the situation consider-
ably. The self-paced trainings make use of a variety of tech-
niques such as videos, self-evaluation quizzes, and product 
demos. Some virtual training platforms also offer the ability 
for participants to comment on content and share their own 
videos, demos, or comments with others. The expectation 
from corporate management is that a new hire will make use 
the learning opportunities and quickly master the tools and 
techniques required to perform his/her job.

A variety of soft skills are required for new hires to inte-
grate themselves with the company as well as the specific 
team in which they will perform. It is important for a new 
hire to be a team player and work towards the success of 
the project. In a college setting, students are taught to be 
competitive. The only opportunity that a student gets to col-
laborate with peers meaningfully is in the final project which 
is often carried out by a group of students. Students must 
make use of this opportunity to learn team playing skills. 
One of the members of the project team must act as a project 
manager and be responsible for keeping the project on track. 
If a team member is not taking the project seriously or if two 
members of the team have an ego clash, the project manager 
must sort out the issues. The faculty supervisor of the project 
may play the role of a superior manager and encourage the 
team to practice project skills such as project planning, risk 
taking and management, project execution, project reviews 
and project reporting.

Work ethics are expected from all employees. Each organ-
ization clearly defines its own values and code of ethics. 
Plagiarism is a problem in academic institutions world-wide 

and there are incidents of plagiarism in reputed institutions. 
In technical conferences being held today, the technical pro-
gram committee has the additional burden of running pla-
giarism checks. Students who do not understand the laws of 
copyright or intellectual property protection may consider 
it harmless to reproduce a figure from a published paper 
in their own thesis. If they continue this after they join a 
company, unpleasant outcomes are bound to occur. Copying 
ideas or data on which we do not have intellectual property 
rights (IPR) is a punishable crime and there are numerous 
examples in the corporate world of such incidents (New 
York Times 2020). It is desirable that colleges include a 
module on engineering ethics in their curriculum. It is not 
necessary to include a course to teach ethics; such concepts 
can also be taught through posters, videos or seminars.

Communicating with peers is an important skill. Gaps in 
communication can result in misunderstanding at the per-
sonal level and execution delays at the project level. Such 
gaps can arise when a professional either forgets to com-
municate or intentionally does not communicate an impor-
tant piece of information. With the goal of achieving a good 
grade, a student may intentionally not communicate a bug 
or a limitation in the project. Similarly, a student may know-
ingly or unknowingly not report that A variety of communi-
cation media are available today, such as e-mail, voice calls, 
text messaging and social media groups. Due to the ease of 
electronic communication, it is often abused and often we 
have to deal with an overwhelming amount of communi-
cation. Both written and spoken communication skills are 
important. Communicating succinctly, unambiguously and 
effectively is a skill that must be developed in order to avoid 
communication gaps and to be heard above the din of spam. 
Mail filtering, sorting and filtering techniques can also help 
in reducing the mail clutter. It is also important to follow 
communication etiquette when conversing with colleagues, 
vendors and customers. In a multinational company, com-
munication will cut across national borders. When commu-
nicating with colleagues from other countries, a professional 
must deal with foreign accents and idioms.

Presentation skills are important in every engineering 
role. One may be called on to present technology overviews, 
tutorials, project proposals, project plans, project updates, 
or “lessons learnt” from a project. A good presentation must 
take into account constraints such as the background of the 
audience and the allotted time. The presenter must address 
the questions from the audience and provide justifications. 
While making slides for presentation is an art by itself, in a 
corporate setup, it may become necessary to present slides 
prepared by a colleague.

Time management is a soft skill that all professionals 
must learn as early in their career as possible. Understand-
ing the importance of tasks and scheduling them, using 
a calendar to guide our daily activities such as meetings 
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and phone calls, the ability to schedule meetings, being 
punctual in meetings and responding to mails, avoid-
ing activities that waste time—all these are important to 
achieve work-life balance. During COVID-19 pandemic, 
when many professionals are working from home, time 
management is even more important. Without a calendar 
to manage daily activities, employees will feel burnt out 
by work which transcends all barriers.

A value that most companies expect from their employ-
ees is curiosity. In a world that constantly seeks inno-
vation to bring down cost, reduce power and improve 
performance parameters, engineers have to continually 
master new concepts and acquire new skills. New hard-
ware platforms, new software tools, new programming 
languages and new paradigms are arriving on the scene 
more frequently than before. Without a sense of curios-
ity for new ideas, we can be left behind. The following 
dialogue between Alice and the Queen of Red Hearts in 
Alice in Wonderland is an allegory for what we witness 
in today’s technological world.

“Well, in our country,” said Alice, still panting a 
little, “you’d generally get to somewhere else–if you 
run very fast for a long time, as we’ve been doing.”
“A slow sort of country!” said the Queen. “Now, 
here, you see, it takes all the running you can do, 
to keep in the same place. If you want to get some-
where else, you must run at least twice as fast as 
that!”

There are numerous examples of companies that contin-
ued to do business as usual without concern for the chang-
ing consumer habits and were caught off-guard, leading to 
major losses or even bankruptcy. Kodak, a very success-
ful company whose business model was to sell camera 
film and the chemicals required for developing pictures 
filed for bankruptcy in 2012 due to popularity of digital 
cameras and integration of cameras in mobile phones. 
Surprisingly, the first digital camera was developed in 
Kodak, but the company chose not to make digital cam-
eras fearing that it will impact their film and chemical 
business. Nokia, which had a monopoly on the cell phone 
market, did not recognize the importance of a better user 
experience through third-party applications and a better 
operating system and ended up losing the market to com-
petitors (Valuer 2019). In corporations, the word tunnel 
vision is used to describe the tendency to focus only on 
the job at hand and failing to see the big picture. Many 
new hires tend to become complacent in their initial role 
and do not recognize that breadth is as important as depth 
for growth in an organization. While companies can pro-
vide learning opportunities, it is equally important for 
engineers to make use of these opportunities.

Electronics and Communications 
Engineering

In the 1980s and 1990s, a large number of multinational 
semiconductor companies saw the opportunity of estab-
lishing R&D facilities in India. This was because of the 
existence of good engineering colleges in India that pro-
duced engineering graduates with the right background 
for carrying out IC design and test activities. In the early 
days, semiconductor companies could not find enough tal-
ented engineers and resorted to poaching talent from one 
another. An industry-sponsored special M.Tech program 
on VLSI Design, Tools, and Technology (VDTT) was first 
instituted at IIT Delhi in the mid 1990s and I was part of 
the team that was responsible for its definition and execu-
tion for several years. Semiconductor industries offered 
higher scholarship and several perks to students who were 
selected in the program with the goal of attracting top 
talent. As the founder of an annual symposium called 
VLSI Design and Test (VDAT), I introduced VLSI Edu-
cation Day as part of the symposium to provide a forum 
for teachers from engineering colleges to come together, 
present their work, learn from peers, and participate in dis-
cussions. Government of India set up a special manpower 
development project (SMDP) to scale up the production of 
graduates well versed in concepts of VLSI design and the 
use of professional CAD tools. In the past 20 years, a large 
number of colleges in India have set up M.Tech programs 
in VLSI design. Several training institutes have emerged 
to offer tool-based training in different aspects of VLSI. At 
present, semiconductor companies do not face the short-
age of manpower in VLSI; ironically, we have an excess 
of underqualified manpower to select from. This problem 
has been created due to the rapid evolution of the field in 
VLSI, as explained below, and the inability of the M.Tech 
programs to upgrade their curricula.

Lack of a commercial IC foundry in India has been a 
point of discussion for several decades. Numerous attempts 
have been made by multiple players to bring a commer-
cial foundry services similar to TSMC to India, but they 
have not met with success. Dependence on an external 
service provider can be a problem in the long run for 
national defense and space programs. China has invested 
heavily in setting up foundries, as it prepares to compete 
with the United States of America in high-tech industries 
such as defense, space, and supercomputers. Lack of an 
Indian foundry also limits the opportunities for employ-
ment to students who graduate with a Master’s degree in 
VLSI, with specialization in device fabrication. In any 
semiconductor company, there is a need for engineers who 
are skilled in device physics and fabrication technology. 
Good knowledge of device physics and interconnects is 
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essential in analog design. As a result, students who carry 
out projects in device physics may have to reskill them-
selves in areas such as analog design and testing. Lack of 
a fabrication in India is also a limiting factor for academic 
research. Researchers who wish to fabricate their designs 
often depend on satellite programs from European found-
ries; these services are expensive and time-consuming.

Rapid Evolution of Semiconductors

The first transistor was invented in 1947 at Bell Labs and 
since then there has been no looking back for the field of 
semiconductors, which has propelled itself forward through 
the invention of new devices and manufacturing technolo-
gies. Bipolar transistors, which became popular in the 1950s, 
was used in the creation of many analog and digital circuit 
blocks which found use in defense, space, and later in con-
sumer applications. With the intention of miniaturization 
and improving the reliability of electronic circuits, especially 
in defense applications, there was a need to integrate both 
active devices and passive interconnect into the same “solid-
state” platform. This dream was realized in 1958 by Jack 
Kilby. Integrated Circuits have since evolved continually and 
rapidly. An aggressive target was provided in 1965 by Gor-
don Moore who predicted that the device densities in inte-
grated circuits will double every year. The semiconductor 
industry drove many innovations in manufacturing and 
design in order to keep this prediction true. The transistor 
sizes were scaled by a factor of 1

√

2

 every year for over 30 
years, bringing down the cost of integrated circuits, reducing 
their power dissipation, and improving their speed perfor-
mance. However, in the 1990s, transistor scaling began to 
throw up many challenges. Interconnect delays became com-
parable or even larger than switching delays in transistors, 
making it difficult to design integrated circuits. Earlier, there 
was a clean separation between front end (compilation of 
circuit descriptions written in hardware description lan-
guages into gate-level descriptions and mapping the gates to 
cells in a cell-library) and backend (placement of the circuit 
components on a planar surface and interconnecting them 
using wires implemented in metal and polysilicon. Similarly, 
power density of large integrated circuits became excessive. 
The use of complementary MOS transistors was originally 
invented to reduce power dissipation of digital gates, but 
when the number of transistors is in hundreds of millions, 
even the static power dissipation is significant. As a result, 
techniques for reducing leakage power reduction in circuits 
were invented in the 1990s. The third major problem in 
design was that of variability of process parameters, tem-
perature and operating voltage from one transistor to another 
in the same die. Statistical variation of parameters is natural 
in an IC that contains millions of transistors. It is a challenge 

for the semiconductor vendor to produce chips that do not 
show unacceptable amount of statistical deviation in perfor-
mance parameters, despite the on-chip variation of process 
parameters, temperature and voltage.

When samples of a manufactured IC arrive, they are 
subject to various measurements for the purpose of char-
acterizing the device. Before the product is manufactured 
on a mass scale, it is mandatory to validate if the IC’s per-
formance parameters are as per the specification. It is also 
important to test if Testing of manufactured integrated cir-
cuits is necessary to preserve the quality of the product by 
eliminating the defective ICs. If a defective part escapes the 
tests and gets used in an end application, it may result in a 
system malfunction and cause loss of life and/or property in 
applications such as automotive electronics and industrial 
electronics. The ability to tolerate a certain number of faults 
and still operate safely is desirable in such applications. In 
these applications, an IC must not fail in the field during its 
life-time. This is referred to as reliability of the IC. Tem-
perature stress testing is used to accelerate the failure of an 
IC that may have reliability issues. Such tests are expensive 
and applying them to every manufactured part will cause a 
steep increase in the price of the product. Sampled testing 
is one solution to this problem. Another alternative is to 
continually test the device during its lifetime and estimate 
the remaining life of the device.

Telecommunication

Electrical/electronic telecommunication has also come a 
long way since the invention of the telegraph and the tele-
phone. Interestingly, wireless communication has its roots in 
India; J.C. Bose explored millimeter wave communication in 
his experiments with carriers of 60 GHz frequency and used 
semiconductor junction diodes to pick up radio waves about 
125 years ago. Early electronic communication systems 
were based on vacuum tubes. Semiconductors were widely 
adopted by communication industry after the invention of 
the BJT and the development of the integrated circuits. Like 
Gordon Moore’s law for device density in integrated circuits, 
a law stated by Phil Edholm (Wikipedia 2020b) predicts that 
the bandwidth of communication systems doubles every 18 
months. Indeed, the rate of communicating information has 
grown from bits/second to terabits/second in accordance to 
Edholm’s law thanks to semiconductor revolution. Initially, 
communication of information was through analog signals 
passing over wires; digital communication is a more reli-
able form of communication and wireless communication 
provides great flexibility.The ability to exchange multimedia 
information over long distances in real time is made pos-
sible by technologies such as communication satellites and 
long-distance underwater optical cables. Establishment of 
local area computer networks (LAN) allows computers in a 
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room or a building to communicate one another, making col-
laboration and sharing of resources such as printers possible. 
Communication with computers in distant locations is possi-
ble with metropolitan area networks (MAN). All the world’s 
circuit-switched telephones are integrated into a single pub-
lic switched telephone network (PSTN) through a variety of 
communication media such as telephone lines, optical fibre 
cables, microwave links, submarine cables, etc. Similarly, 
the Internet connects virtually all the computer networks 
across the world today. Due to availability of high-speed 
networking, e-commerce became a reality. In the “client-
server” model, personal computers have turned into “clients” 
and computing, storage, e-mail etc. have become available 
as “services” from a “computing cloud”—servers that may 
be located in some distant part of the world.

Virtually all services are now available on-line and 
we have become used to cashless transactions and paper-
less offices, especially during the COVID-19 pandemic. 
Thanks to sensors, electronic communication technologies 
and cloud-based computing, it is now possible to connect 
anything to the Internet and track its behavior. This con-
cept is called Internet of Things (IoT)—e.g. an electronic 
doorbell can be on the Internet, allowing the owner of the 
house to find out who is at the door of the house and speak 
to the guest/intruder even when the owner is away from 
home. Devices which are equipped with sensors and can 
be connected to the Internet are often referred to as “smart” 
devices.

Signals such as voice, images etc. must be obtained 
through sensors and must be amplified and filtered to remove 
noise. Communication of information across long distances 
is prone to corruption by channel noise. Similarly, security 
of communication is an important consideration, since sen-
sitive information such as passwords may be stolen. Since 
the number of users making use of communication channels 
grows continually, there is also the need to use the avail-
able bandwidth efficiently by making use of compression 
techniques. Both analog and digital signal processing are 
therefore essential part of communication engineering.

ECE Education

As explained in this section, the field of electronics and 
communication has grown vastly and has impacted every 
aspect of human life. In an undergraduate degree that spans 
4 years, it is difficult to cover all aspects of electronics or 
communication engineering. There have been two schools 
of thought in building an undergraduate curriculum. In some 
IITs, the undergraduate program is called Electrical Engi-
neering. Foundational topics are covered in the first two 
years and there is some scope for specialization in the third 
and fourth years. In many engineering colleges, there have 
been attempts to develop specialized programs in sub-areas 

such as telecommunication and embedded systems. There 
are numerous Masters’ programs connected to electronics 
and communication engineering, such as telecommunica-
tion, VLSI, Robotics, Signal Processing, etc. The rate at 
which curriculum is revised and the rate at which technology 
is advancing are mismatched, resulting in the curriculum 
becoming outdated quickly. Having participated in many 
curriculum update meetings, I have noticed the resistance 
from college teachers in modifying existing courses. For 
example, in one revision of an M.Tech curriculum, the sug-
gestion to introduce course on Design Verification was met 
with much suspicion since there were no text books on the 
topic at the time. Similarly, industry representatives who 
participate in curriculum revision meetings tend to provide 
inputs which are highly industry-specific and often difficult 
to implement. Lack of the right text books and lab infra-
structure are also reasons for not updating the curriculum. 
In a University with hundreds of affiliated colleges, even 
small changes in curriculum may be difficult to make. Lack 
of faculty training is also a major contributor to the gap in 
what is taught and what is expected to be taught.

Almost any modern topic related to electronics or com-
munication is multidisciplinary in nature. Curriculum 
revision committees may have to take a deeper look at the 
available number of h and propose a set of courses that will 
provide the student the inspiration required to pursue a 
career in the area of specialization. Teachers can make use 
of the vast amount of free online resources to guide students 
in the right direction. We must persuade teachers and stu-
dents to think outside the box of a “standard text book” and 
“solved problems.”

Electrical Engineering

Historically, electrical engineering was about electrical 
power generation, transmission and its end usage in lighting, 
heating and running motors. Over the years, electrical engi-
neering diversified considerably and electronics emerged as 
a subdomain. Electronics engineering further diversified and 
computer science and computer engineering emerged as its 
domains. Today, even computer science and engineering 
have diversified and subdomains such as AI (artificial intel-
ligence), ML machine learning and big data analytics have 
been identified. Technologies such as embedded computing, 
sensors, AI, ML, and data analytics have added new dimen-
sions to the field of electrical engineering. There is increased 
push to tap renewable energy sources rather than depend on 
thermal power and improvements in solar power harnessing 
has added a further dimension to electrical engineering.

Solar power plants can be small or large. Surplus power 
generated by a household solar plant can be used to feed an 
electrical grid. Smart meters allow consumers to track their 
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electricity usage and the electrical supply company to collect 
data over a period of time and analyze this data. Analyzing 
usage data can help the supply company plan better, reduce 
misuse and theft, and introduce suitable tariffs. Consumers 
can similarly gain insight into their own usage of power and 
improve their own usage pattern to reduce cost.

Wireless charging has entered the commercial market 
and devices to charge mobile phones, laptops and other 
smart devices are available today. This is a growing market 
segment and standards are beginning to evolve. There are 
attempts to bring wireless charging to electric vehicles. Elec-
trical vehicles and hybrid electrical vehicles can reduce the 
pollution considerably. We often hear the remark that mod-
ern cars require more electronics and electrical engineering 
than mechanical engineering to build them. Battery manage-
ment in such vehicles is a major concern. The temperature 
and voltage level of the battery must be continuously moni-
tored to avoid accidents and extend the battery life. WiFi 
connectivity in the car helps in monitoring the charging of 
the vehicle from the car owner’s mobile phone. Building bet-
ter batteries is also a research area in electrical engineering, 
since storing energy generated from alternate sources such 
as wind and solar energies is an important aspect.

The multidisciplinary nature of projects in Electrical 
Engineering can be daunting (Nordström et al. 2014). Col-
laboration between departments of Electrical Engineering, 
Computer Science, and Electronics is essential for success. 
It is widely accepted today that there is a dearth of well-qual-
ified graduates with a strong interest in traditional subjects 
such as Power Engineering. Academic programs are unable 
to attract top-ranking students to such branches and special 
programs may be necessary to rebuild competence in these 
areas (Bell et al. 2012).

Computer Science

Historically, computer science departments were spun 
off from Electrical Engineering or Electronics Engineer-
ing departments. In the early days, computer science was 
mainly concerned with programming, computability and 
complexity, correctness of programs, development of effi-
cient algorithms, data structures, analysis of algorithms and 
counting techniques. As computer architectures evolved, 
courses related to computer organization and architecture 
were introduced. Courses on Operating Systems and Sys-
tems Programming, including assemblers, linkers, loaders 
and compilers, were added. The earliest application of com-
puters included scientific programming. As a result, For-
tran was taught as a programming language. Availability 
of digital computers was not widespread and there was no 
concept of computer labs. Data processing emerged as the 
next big application, spinning a number of jobs for COBOL 

programmers and data entry operators. When computer net-
works evolved, it became traditional to offer a course on the 
topic. Other applications of computers, such as Computer 
Graphics, Artificial Intelligence, Expert Systems, and Real-
time computing evolved.

Growth of information technology has had the biggest 
impact on the way computer science education has shaped in 
India. Across India, engineering colleges introduced under-
graduate and graduate programs in computer science and 
engineering. Unfortunately, however, the observations from 
leaders of IT industry about the employability of graduat-
ing students is dismal. N.R. Narayana Murthy of Infosys 
has gone on record stating that about 80% of youngsters are 
not trained for any job (Zee News 2018). A company called 
“Aspiring Minds” that develops and conducts psychomet-
ric tests for potential employees has said “6214 engineer-
ing institutions (from India) which are enrolling 2.9 million 
students and releasing 1.5 million students into job market 
every year. Only 7shows the number Indian graduating stu-
dents with a major in Computer Science during 2006–2013, 
a time period during with hiring from IT companies was at 
its peak. We see that the number doubled in about 4 years, 
but the growth rate began to slow down after 2010 (AICTE 
2020) (Table 1).

Despite availability of CS majors, many IT companies 
look for talent in non-CS departments such as ECE and EE. 
Lack of aptitude in the CS student is a major reason; often, 
students enter the CS program for reasons such as paren-
tal pressure and the prevalent notion about ease of finding 
jobs. Some students prefer CS over ECE and EE because CS 
courses have less mathematical content. With the announce-
ment of revised educational policy by the Government of 
India, we are beginning to see mushrooming of businesses 
that claim to offer coding experience to students of 6th grade 
and above. In most state schools, there is not even a good 
text book for students who opt for Computer Science as a 
specialization. The same can be said for engineering colleges 
as well. Many technological universities mandate programs 
such as internships to improve the exposure of students to 
industrial practices. However, mushrooming of companies 
that offer internships and project opportunities for a fee has 

Table 1  Computer science graduates in 2006–2013 period

Year # of Engineering Colleges # CS graduates

2006–2007 1511 181,320
2007–2008 1688 200,160
2008–2009 2388 286,560
2009–2010 2972 356,640
2010–2011 3222 386,640
2011–2012 3393 407,160
2012–2013 3498 419,760
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defeated this purpose. Lack of rigor, outdated curriculum, 
lack of qualified teaching staff, lack of research programs, 
lack of faculty development programs and lack of skill-based 
education are some of the top reasons for a vast number 
of CS students not being able to find suitable jobs after 
graduating. When we look at companies that work in the IT 
sector, we get some insight into why engineering colleges 
do not invest in research programs or faculty development 
programs. Top hiring firms in CS are into IT services and 
not R&D. These companies often provide their own exten-
sive training programs, since they may recruit students from 
non-CS departments. Availability of ready answers through 
search engines to most common problems through sites such 
as Stack Overflow on the Internet adds to the lack of motiva-
tion from learners. Programming languages such as Python 
provide powerful data structures and operations and they 
are further enriched with libraries; as a result, it is rarely 
required for a programmer to know the “internals” of imple-
mentation, such as the use of “pointers” for implementing 
lists.

After machine learning, big data analytics, artificial 
intelligence and neural networks have gained popularity in 
the last few years, many institutions are beginning to intro-
duce undergraduate programs in these areas. At present, 
premier institutions such as the Indian Institute of Science 
and several IITs have introduced such programs. However, 
it can be anticipated that soon a plethora of such programs 
will be offered by a large number of engineering colleges. 
The preparation in colleges for offering such programs is 
inadequate. While these areas are speculated to herald the 
next big wave of job placements for students, whether such 
is the case is still unclear.

Discussion and Conclusions

A look at the syllabus of Graduate Aptitude Test in Engi-
neering (GATE), which is used as a yard stick to measure the 
readiness of engineers to undergo a Masters program shows 
that it has not been updated to reflect the research areas in 
Electrical Engineering, Electronics, or Computer Science. 
Engineering institutions with some autonomy or those that 
are deemed universities have some flexibility in modifying 
their engineering curriculum. However, other than introduc-
tion of some elective courses, we do not see many attempts 
to introduce new programs that will produce the kind of 
engineers that are needed in the years to come. Some IITs 
have introduced undergraduate and graduate programs in 
AI. A frequent complaint which is heard from engineering 
institution is the core industries do not recruit their gradu-
ates for performing core functionality. For example, MS and 
Ph.D. students who carry out research in specialized areas 
such as smart materials or nanotechnology may not find jobs 

in India. Some of them take up postdoctoral positions to 
continue their research. Others take up industry jobs that 
may have little to do with their specialization. At the same 
time, core industries often complain about losing talent to 
IT sector and the gap that exists between what they expect 
from graduating students and what colleges offer. This prob-
lem can be solved to some extent when industries initiate 
programs for special manpower development. We saw an 
example of the VLSI Design, Tools and Technology program 
that was started at IIT Delhi in the 1990s, whose success 
also led to a number of M.Tech programs in VLSI across 
the country as well as the special manpower development 
program (SMDP) in the area of VLSI by the Government of 
India. Texas Instruments initiated an MS program in Analog 
Design at IIT Madras to address the gap it perceived in the 
skill level of analog designers.

When a single company is unable to initiate such pro-
grams, the consortium model may be the solution. For exam-
ple, companies in the area of semiconductors supported a 
research program at IIT Kharagpur for many years, which 
led to manpower development in specialized areas. An 
equally important step is the initiation of specialized con-
ferences in India where research students can publish their 
work and find opportunities to network. The VLSI Design 
conference held annually in India since the 1990s started 
as a small event but has steadily grown into a prestigious 
event. I started the VLSI Design and Test Workshops in the 
1990s and within a few years, it saw increased attendance 
and quality; the workshops were renamed VLSI Design and 
Test Symposium and this event continues to draw researchers 
from both academia and industry in large numbers. I had ini-
tiated a program called VLSI Education Day as part of this 
symposium to exclusively discuss topics in VLSI education 
and promote industry-academia interaction. In the recent 
past, the International Test Conference has been holding a 
ITC India, allowing Indian researchers to present their work 
in the areas of semiconductor testing and validation. When 
I was the secretary of the VLSI Society of India, I was able 
to conduct highly specialized workshops in areas such as 
Design Verification, Memory Design and Test, Signal Integ-
rity, and so on. The trend that we see today is for colleges to 
conduct highly generic conferences on topics. These confer-
ences tend to attract a very broad audience. Lack of rigor in 
the selection of papers and conducting the technical sessions 
has brought down the value of such conferences. These con-
ferences will be valuable if they become specialized and are 
steered by a committee of experts.

The projects which students carry out as part of their 
course work are very important towards their learning pro-
vided they are executed with rigor and are taken seriously 
both by students and the teachers. Selecting projects that 
are relevant to industry can help students as well as fac-
ulty 0. A number of colleges allow their students to spend 
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6 months or more in an industry in an internship program. 
Industries view the internship program as a part of their 
staffing initiative; students who do well in the internship are 
hired. Those who did not well in their projects or those who 
did not display aptitude for engineering may not be hired, 
but benefit from the exposure to industrial practices. An 
objection to the internship model from academic institutes 
is that it takes away the opportunity from students to pursue 
academic projects that can lead to research publications. 
The internship program can be meaningful when the student 
has a member of the college faculty as a co-supervisor for 
the project along with a supervisor from the industry. The 
internship project can be a win–win proposition when all 
the three parties work in harmony and have common goals. 
The industry must clearly state rules about how the rights 
for any intellectual property that may be developed during 
the project will be shared. Colleges and industry must both 
appreciate the value that the other party brings. What the 
industry brings to the table are the access to commercial 
tools, collateral know-how, rigor in testing and availability 
of test data. What an engineering faculty brings to the table 
are the ability to provide an abstraction to the project and the 
ability to write a technical paper. Such collaborations are the 
need of the hour to infuse life into industry-academia inter-
action. The internship model is not scalable and industry 
must think of ways to encourage industry-relevant projects 
in colleges (Gol et al. 2001). Availability of open-source 
software tools and remote access to lab equipment has made 
such projects viable. Colleges can permit students from mul-
tiple departments to collaborate on such projects to improve 
their quality. Industries can do their due diligence by mak-
ing benchmark data available to colleges, compiling a list 
of relevant projects, actively participating in “open house” 
events conducted by colleges, providing review comments 
on projects, rewarding good projects.
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