Evol vi ng i deas of teaching and research in
engi neering institutions during ny journey
I n academ cs over five decades

B Yegnanarayana

1. Background

Being in the academic field for over 5 decades, | f elt that |
should write my views on teaching and research , especially in
engineering institutions, based on my experience. Frankly, |
have been collecting my thoughts on this subject ov er the past
several years, and | do express them in limited for ums, like in
my general talks | give while addressing th e students and
faculty in academic institutions. | am very hesitan t to put my
thoughts in writing, as it may invite criticism because many of

the ideas go against the currently held views by most
educational planners and administrators. Finally, | ventur ed to
write this, mainly expressing my personal views, ba sed on the
changes | have been observing in the education fiel d during my
5 decades of teaching and research in engineering institutions.

Please note that these are my personal views, many of which may

not be backed up by solid facts and figures.

I would like to emphasize that this article is only about
teaching and research, and not about coaching and t raining. |
feel that coaching and coaching institutions are me ant to
prepare for competition, like in games, and have limited or

short term goal. On the other hand, trai ning is for preparing
someone to ac  quire a skill, mostly for living with that skill.

But teaching is meant to prepare students for learn ing how to
learn. Research is meant mostly f or developing creative
abilities, especially to generate new ideas. Hence all these
four are for different groups of people with differ ent aims,
and there is no conflict or overlap among their rol es.

| am expressing these views in the backdrop of the fol lowing
developments in recent times. We often hear these d ays that we
should have over 1000 universities, producing 10000 PhDs per
year, and having online classes with over 100000 st udents per
class. We seem to excessively focus on the number o f PhD to be
produced, and making the PhD degree mandatory for p romotion
even in ordinary teaching colleges. Since research is measured
in terms of number of publications, citations and a wards,
people seem to be working towards them, instead of doing any
serious resea rch. The proliferation of journals and conferences

is testimony to this. Also, there is a growing beli ef
expressed by many planners and educators that teach ers
can/should be replaced by technology. In such an environment,
it is difficult to convince eve n the administrators of teaching

and research institutes that the real meaning of te aching and
research is different from what is happening in the ir places.

In this article | try to give one view of teaching and of
research, which many may not agree in pu blic, but accept it as

correct in private. This write- up also reflects my bias
acquired over the past 50 years of my teaching engi neering
students and also doing research in engineering ins titutions.

In the process of this writing | try to clarify the fiv e terms



relevant to this topic, namely, education, learning , knowledge,
teaching and research.

Let me assert that | am a teacher by choice, and no t by chance
or accident, and hence | kept away from administrat ive roles as

far as possible throughout my car eer. Based on my teaching
experience (this is my 50th year of teaching), | fe el that
teaching involves production, perception and learni ng of
patterns. Here teaching refers to teaching human be ings by
human beings, and hence the link to the biological neural
network (BNN), i.e., the human brain. The main fea ture of the
BNN is pattern processing, which includes the multi modal nature
of pattern perception and learning. The production part of
teaching is the ability of the teacher to produce m ultimodal
data of a concept, to convey the pattern to the listener

Note that the pattern exists in a high dimension sp ace of the
data, and it cannot be compressed. The listeners ca n then
perceive the pattern in the multimodal data and att empt to
learn by developing a ssociations or links to the patterns

already developed in the listeners' minds. The abi lity of
capturing the pattern in the data and associating i t with other
patterns in the brain is the process of learning. The teacher
enables this to happen by genera ting appropriate multimodal

data. Thus significant effort on the part of the t eacher is in
generating the multimodal data for a given concept. The
multimodal data here means the gestures through voc al, hand,
facial and the general body movements, besides the other data,

if any, such as slides, audio and video demonstrati ons.

The multimodal data need not be unique or precise. Actually
being precise (in the form of definition or unique description)

is not a virtue in teaching. Some variation helps the
lis teners to learn better. The pattern information in the
generated multimodal data is captured by the multim odal nature
of pattern perception and learning of the biologica | system,
i.e., BNN. Interestingly, teaching is also a conti nuous
learning process fo r the teacher, as while expressing the

concept through mult imodal data, the teacher comes up with

better ways of producing the data for the same conc ept, based
on his own feedback and the feedback from the liste ners'
reactions, in the form of gestures, qu estions and comments. A
good teacher is one who can produce such multimodal data to
convey the concept through the pattern information in the data.
Thus there could be good teachers or bad teachers ( initially in

their career), depending on the effort they put in. But
generally, there are no good or bad students. We wi Il also see
below that teaching almost becomes a prerequisite f or research.
Coming to research, it is common to mention that th ere is a
methodology for research, and that it can be descr ibe d or
discussed in a structured manner, as though it has some
beginning and ending. But in my opinion, research h as no
methodology or structure to describe. Research is a process and
not a product. It is for the process a person is cr edited with

a degree s uch as Doctor of Philosophy. The thesis examiners,

while recommending the award of the degree, usually mention
that the candidate has demonstrated his/her ability to carry
out independent research. In research, the candidat e should
demonstrate their abilit y to see the problems clearly, and in

the process of finding solutions, they may generate more
problems than solutions.

Research involves understanding and building links among the
components of the problem, rather than breaking up the problem
into sub problems , leading to destroying the problem itself.

One can appreciate what constitutes great research , by
recalling great research ideas, such as Maxwell's equations,
Sabine's formula, Shanon's information theory, Kalm an
filtering, to name a few in my domain of research. Ultimately,

both research and teaching are passionate endeavour s, and
cannot be done by mere training or coaching. In thi S context,

let us recall how ideas of teaching and research ha ve evolved



over the past several decades. First, we will consider
teaching.

Evol uti on of Teaching

In 1950s, some of the teachers in schools and colle ges used to
teach with passion. For example, it was language an d arts
classes that were more interesting than science and maths
classes. The teacher teac hing Shakespeare drama used to enact

the event in the play in the beginning of the class , and then
explain the English part of it. Likewise, teacher o f Telugu
poetry used to start the class with pleasant rhythm ical
recitation of the lesson, and then explai n the meaning of the
poem, along with several linked stories. | was fort unate to
have such teachers in my college. Where are those t eachers now?
In 1960s teachers try to prepare the lesson with a desire to
communicate the concept to the students. Textbook S were very
carefully and concisely written. Not many questions or worked
out examples were available in the books. Also, the teachers
did not focus much on working out examples in the ¢ lasses.
Since copies of the books were limited, students us ed to write
notes carefully in the classes and supplement with additional
reading material in the libraries. For some subject s, lab
experiments supplemented the classes. There were fe wer exams.
Students were credited for asking good questions. T here were
not many questions in the books, nor there were man y question-
banks. Mostly, the annual exams were used to assess the
candidates. The dynamic range of the performance o f the
students is indicated by the range of marks the cla ss gets,
mostly in the range of 0 to 70% m arks. In fact getting more

than 70% was rare and exceptional. Thus the studen ts know
where they actually stand in the class.

In 1970s, use of overhead projection of transparenc y sheets
started for class room lectures. Then the teachers were busy
prepari ng the transparency sheets, and thus in the class t hey
were not developing the concepts with illustrations . The
students tend to look at the projected material rat her than
watching the multimodal display of information by t he teacher
through his gestures, voice modulation, with on the fly
illustrations and stories. Question- banks for various subjects

were coming up, with even answers to some of the qu estions.
This helped the teacher to set question papers easi ly. It also
helped the students to follow the p attern of questions that the
teachers would ask. Thus the students slowly lost t heir ability

to make and ask their own questions. The teachers a Iso are
slowly trying to adopt to the pattern of the questi ons in the
guestion-banks, instead of trying to crea te questions based on

the interaction with the students in the class.

Slowly the credit system with electives also produc ed distance
between teacher and students in 1980s. Teach ers definitely lost

touch with students, as they meet/see the students from

different disciplines and departments assemble for the class
hour and then disappear. With the wide variety of the
background of the students, the teacher is forced t o dilute
the contents of the course, and als o lost time for providing

the background of the prerequisite courses for sig nificant
part of the course. Giving assignments and solutio ns to
problems, and also continuous evaluation through fr equent tests
and exams, resulted in transferring the load of e valuation to
teaching assistants, thus further reducing the cont act between
teacher and students. Also, the problems, questions , answers,
etc. all of them were tailored to enable the teaching
assistants to evaluate the students. In 1990s the c urriculum,
the course contents, teaching and evaluation became more
structured towards grading the students. The concept of
learning is either ignored or diluted. The craze for better
grades/marks due to competition among students has increased,
whichhas increased eve n the distance among the students, and

the distance with the teacher still further.



In the decade of 2000, drastic changes took place i n education

system, with computers becoming easily availa ble, and
communication through internet making the distant p eople
apparently closer, and the closer people distant. Many more
worked out examples, with easily implementable software
packages, have changed the way books are written. While it
helped a few motivated students with better access of these
resources, th e general attitude of the students is to get some

how good grades/marks and a good job after that. T her e is less
exposure to concepts in the classes any more. And the teachers

and the system also are tuning their activities to cater for

the needs of the students rather than educating them. For
example, the question papers are of objective type to tick an
answer among the alternatives.

The average grades of students are thus jacked up, with almost
making 70% or equivalent as a poor mark/grade, 90% is avera ge
and 99% or more as desired/required. Even the inst itutions
were evaluated based on how many students get such high grades.
Thus while it used to be difficult to get 70% or more up to
1970s, it turned out that it is now difficult to g et less than
70% or equivalent grade. With far lesser effort on the part of

the student, they are rated high, almost making it appear that

all the students are in a small dyn amic range at the top.
Because of this, grades/marks cannot be used for discriminating

the abilities of students any more. In addition, there are too
many activities focussed around internet and mobile, with no

time for concentration on learning. Learning is reduced to mere
acquisition of skills/data, which was provided outside the
classroom without teachers, like video lectures, online

courses, etc.

The decade starting with 2010, with the av ailability of smart
phones and internet connectivity, has changed the meaning of

student and studies. There is very little attentio n in
classes. Most lectures are reduced to mere projection of
slides, with the intention of pumping the students with data.
With online courses and mass learning classes, the purpose of
education became giving certificates, dipl omas and degrees. The
focus is only on tools and their usage, which is m ore like a
technician job. The emphasis on explaining and understanding
concepts is gone, and the basic subjects are replaced with

skill-  oriented subjects. Throughout this evolution, inst ead of
exploiting the technology for improving the quality of
education, we seem to let the technology drive the education
system. Thus education is viewed more from business point of
view, and several business models have evolved for imparting
education. There is very little learning in its tr ue sensea ny
more, at all levels starting from the primary level to the

university level. We have almost reduced the role of a teacher

to that of a facilitator/mentor, rather than that o f teaching
and learning.

Evol uti on of Research

Let us review how the concept of research is evolving over
time. In 1950s, there was hardly any serious talk about

research. Very few people opted to work for research degrees.

The few that were doing research were doing on their own
interest, without expecting any return out of it. There was
also very little support for doing research. Most people were
happy with a basic degree to make some living after that . In
1960s, people, especially in the teaching profession at elite

institutions, were doing research mainly for professional
growth. At that time, many lecturers were working for PhD under
the guidance of senior faculty, mainly at 1ISc and IITs. With

very little access to computing and experimental facilities,

they were able to do excellent research, as re flected in the
publications in peer reviewed international journals. It is

interesting to know that most of them did not know much about

those journals, except by their access through libraries,

usually 3 months or more after their release.



Availability of computing and experimen tal resources has

improved significantly in 1970s, leading to compute r- oriented
research, but still most of the research was experimental or
theoretical. This was the period when money for research was
being made available at some of the leading institu tio ns
through sponsored research projects, mainly from go vernment
agencies. The computer-oriented research took a big leap in
1980s, with the availability of pow erful (at that time)
mainframe computers at several leading institutions and

laboratories in the country. In that euphoria, less of
practical/experimental work was being carried out, as every one

was busy doing scientific programming for research.

In 1990s, the meaning of research is getting dwarfe d. As many
computer- oriented gadgets being made available, and doing wo rk
with computers becoming easier, all problems were oriented
towards computer modelling and simulation. Also, i t helped in
thinking of bigger problems with large number of parameters for

modelling and optimization. Setting up experimental facilities

for verification of results and thinking of such problems
reduced drastically. During that period, even writi ng abilities
were also affected due to extensive use o f word processing
tools. Most research was aimed at collecting more data for

analysis with computers.

In the decade of 2000, the experimental work i n most
engineering disciplines has practically vanished. Almost all
laboratories were filled with computers, with prominent display

of monitors and keyboards everywhere. It was almost difficult

to find out to which engineering discipline a lab belongs to.
Many of the research scholars did not have a feel o f the
values of the parameters in the real experim ental facilities.

On the other hand, for seni or researchers, the computational

facilities augmented their engineering skills acqui red through
experimentation. The 2000 decade also has seen the vanishing of
writing skills among students completely, as most r esearch
scholars spend their time in typing and editing, as dictated

by the tools such as Microsoft word.

As senior faculty, we were helplessly looking at h ow the
students are busy spending most of their time in f ormatting,
tuning the figures and tables for better display of the
document, but at the cost of understanding the contents of

their display. Research scholars spend all the tim e in front

of a monitor, pretending as though they are doing s erious
research, whereas they are only searching all the t ime
aimlessly. Due to fast switching, they also lost the ability

to focus on any topic or equation or figure. Writin g papers is
reduced to writing reports with casual English and poor
organization of the thought process in their minds. It is also
obvious during this and the previous decade, th at the aim was

on getting more papers published. There is also pro liferation

of journals and conferences to meet this demand. It became a
fashion/necessity that the conference deadlines dec ide on what
to submit, and then quickly manage to write a few lin es based
on some simulation work. It is no more that you ha ve
'something to convey' and hence write a paper. It h as become a
routine exercise to write something and submit. So me
organizations also insist on journal papers for fac ulty
promotions. To meet this demand, many online journals have

come up, making a mockery of research and its repor ting. With
emphasis on numbers and quantity, plagiarism has cr ept in, and
organizations proudly announce that they have acqui red
plagiarism detection software to che ck such happenings. What a
tragedy we have ended up with in the domain of rese arch.

We almost lost control on research in the decade be ginning
2010. Proliferation of the so called institutions of higher
learning, research universities, etc. with empha sis on number
of PhDs and research papers, rather than quality, working

towards awards and recognition, data- oriented computer based



research, all of this contributed to confusion on w hat is

research, and how to do it. It appears that, instea d of
unders tanding research, and then doing it out of passion for
it, it is routinely claimed that whatever any one i s doing is
research. Even the high school students or 1st vyear

undergraduate students talk of doing research, with out
understanding the meaning of res earch. | hate to think of what

is in store for us in the coming years.

It is unfortunate that the tremendous potential of the
developments of communication and information techn ologies is
grossly misused in teaching and research. Otherwise , these
develop ments should have significantly enriched our learni ng
and creative abilities through good teaching and re search, and
also should have produced excellent teachers and re searchers.
Unfortunately, we have mis used the technology, by making
teaching and research as business opportunities. Ma ny start- ups
and coaching centres (most of them have no idea of education)
approach us with propos als that they can help us with
tools/gadgets to improve our teaching and research abilities.

4. Current Practices Affecting Teachi ng and Research
4.1 Teachi ng

Absence of good teachers: Students are not getting the high

dimension pattern for absorbing the concepts.

Projecting ppt slides: Missing or destroying the pattern

information.

- Text books: Poorly written with too many distractio ns like
unnecessary colours, worked out examples, programs and
exercises.

- Worked out examples: No motivation for the student to think

about a solution.

Readymade programs: Students do not develop t he logic for

solving a problem.
Learning from examples: Not thinking about concepts and
logical reasoning.

Learning by doing: Without understanding principl es

- Too many distractions: Fast changing data, with no time to
absorb the pattern, if any.

- Too much emphasis on applications without learning concepts.

- Too much of technology and gadgets.

- Continuous evaluation with too much focus on assign ments and
exams in a semester: This results in short- time remembrance,
and forgetting them soon after the semester.

- Objective type questions: Working from the answer, and not
solving the problem.

- Grading system with high grade points or marks: Mis placed
emphasis and poor judgement of the standard of a student,
thus conveying false impression of accomplishment, talent
and abilities.

- Competition, rather than cooperation: Education is not a
zero-sum game.

- Too many competitive exams with focus on problems a nd their
solutions.

- Acquiring skills during school/college: This is a wr ong
notion, as education is meant for learning how to | earn, and
not how to acquire a skill. Skill development insti tutions
are different, like polytechnics.

- Too high exceptions of salaries and positions, with out really
deserving.

- Too much of societa | and parental pressure on the students:

Education is viewed as a business opportunity, and not as a
process for learning.

- Summer and winter internships: Doctors do these aft er their

studies, whereas engineers attempt to do it during their

studies, without consolidating the subjects they st udied.

4.2 Research

- Searching the web: Directionless most of the time



- Misplaced emphasis on research without passion
- Misplaced emphasis on degrees

- Poor writing abilities due to typing, cut and paste process,
editing tools, etc.

- Poor reading abilities due to lack of concentration , and also
due to poor quality of books

- Starting (catching them) young, especially for rese arch is
wrong, as it takes time to understand what researc h means

- Talking about research without knowing what it is

- Whatever one does is being projected as research, i nstead of
doing real research

- Proliferation of research universities, without any
significant research in them

4.3 Management Perspective

- Looking at education as a business opportunity, and applying
management principles, like for any zero-sum game.

- Aiming at products (students) for IT (information T echnology)
ready, skill equipped, technology ready, etc, is no t
appropriate for education.

- Should technology drive education, or education dri ve
technology?

- Generalizing from a few successful/failu re cases, as often
used as case studies in a business model, is not ap propriate
for education.

- Goal of education: Need to improve the average for the
prosperity of a nation, and not aiming at excellenc e in some
specific items and individuals.

5. Some Points for Good Teachi ng and Research

5.1 Points for Good Teachi ng

- Teaching refers to teaching human beings endowed wi th
biological neural networks (BNN) for pattern proce ssing

- Being precise is not a virtue in teaching: Learning takes
place only when there is some vagueness, as precision
involves only listing of facts.

- Multimodal nature of pattern perception and learnin g by BNN
requires that teaching should cater for it.

- Teaching is a continuous learning process.

- Learning is the ability to absorb the pattern in hi gh
dimensional space, and hence the teacher needs to c reate the
pattern in high dimensional space.

- Learning by doing works only when the process of le arning is

understood.
Reducing the problem to sub problems or divide and co
paradigm is not relevant most of the time in teach

it destroys the pattern information in the problem
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colleagues for comments and criticism.

- Research is a coop erative effort, and not competitive. IPR
(Intellectual Property Rights) issues need to be ad dressed
in this context, and not in a commercial context.

- Research involves developing and building links amo ng

patterns, and not breaking them up.

- Research n eeds concentrated effort without too many
distractions.

- Mere search inhibits research.

- Discipline in writing is essential, and hence the n eed to
focus on writing for journals instead of for confer ences.

- Research guide is like a coach for a game, a s his goal is to
act as a critique, and not as a promoter of the eff ort.

6. Sunmary, Concl usions and Reconmendati ons

6.1 Summary

In this article | tried to explain the evolution of teaching
and research over decades, and in the process we ca n get to
understand the meaning of the terms like coaching, training,
teaching and research. Coaching refers to taking th e student
along the path of the solution, like taking some one to a
destination by hand- holding. Obviously the student will not

know how to go by himself later when the need arise s. Training
refers to making the student to acquire a skill, so that he can
use that skill repeatedly in a job. It does not inv olve any
creativity or learning. Teaching refers to the proc ess of
generating a multimodal and multidimensional data t 0 convey a
pattern to the listener, which he/she can easily ab sorb due to
pattern processing ability of the human mind.

Research involves ability to create new patterns ba sed on the
patterns already acquired through learning. It is i mportant
that people understand the meaning of learning, kno wledge and
education. Learning involves perceiving patters in high
dimensional dat a, and developing associations with the existing

patterns in human mind. Knowledge refers to unders tanding the
constraints from examples, so that the legal variat ions are
captured within those constraints. Finally, educati on means
learning how to learn, w hich is made possible mostly by
teachers.

6.2 Concl usi ons

Despite the fact that over the past few decades we are
continuously making changes in the education system at various
levels, there is hardly any positive comment on the standards
of the educa tion system, especially in the teaching and

research domains. It is fashionable to compare us a nd our
system with systems in other countries, especially with China
and USA, in terms of papers published, number of P hDs, awards,
percentage gross domestic product (GDP) spent on research,

etc. But it is unlikely that even with increased in vestment to
higher levels, we can make any significant progress , as it
appears that we are moving in the wrong direction. In my
opinion, teaching and research are local and cultur e- specific.
Borrowing or copying other models will not work. A country's
progress should be measured in terms of (a) increas e in the
average level of education (b) increase in number o f good
teachers who will make it possible, and (c) researc h wil |
follow automatically. The effects of current fall in standards

of teaching and research may take us to such low le vels very
soon, that we may reach a point of no return in abo ut 5to 10
years, if corrective mechanisms are not put in plac € now.

6.3 Recommendati ons

- Make classroom teaching more purposeful and interes ting,
rather than dispensing with classroom and student- teacher
interaction. For this we definitely need more teach ers.



- Emphasize writing and
searching.
Make an effort to teach in a way that students le
Learning is an effort to understand legal variation
idea or concept, like construction of sentences wit
deviations from grammar/syntax.
Think about problems, not solutions. Write your t
express them and discuss.
- Solutions to problems are always worked out in mind
and the gadgets are useful mostly to verify those s
in mind. Otherwise, gadgets can reduce the degrees
freedom in our thought process.
- Search only with a purpose in mind. Otherwise, sear
distract and disturb our pattern formation and henc
research abilities.
- Restore the missing art of storey telling in engine
presentations and teaching over time.
- Recall great research ideas, processes and result

reading, not typing, editing

7. Final Renarks

Currently the tremendous progress in technology
communications is being grossly misused, thus reduc
abilities to do good teaching and research. This ne
corrected, and hence this article. Note that good t

research evolve with
cannot be created by a procedure or a rule. | stro
that a country's progress should be measured in ter
of teachers, especially good teachers, it produces,
terms of number of PhDs, o
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is because, each teacher can brighten the lives of
students in a class, some of them may become teache
years later. Note that teaching is not a zero-

the case of business. Here there is only gain, and
whatsoever. This is the beauty of teaching and rese
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focussed mostly on these books mainly from examinat ion point of

view. This has resulted in the erosion of class roo m teaching
of concepts completely, as the engineering educatio n system
geared up only for conducting exams and giving grades to
students. It appears as though whatever the student s learn is
from the example problems and solutions given in su ch books.

At this stage in the middle of the 2010 decade, it is difficult

for me to gue ss what is in store for engineering education by

the end of this decade. From this development, | co uld bring an
analogy of human learning vs machine learning. One of the
elusive goals of scientists and engineers is to mak e machines
learn like human beings , so that machines can be made to
perform tasks similar to those by human beings. But we seem to
have achieved the goal of making machines and human beings
similar in their learning abilities, by making huma n beings
also learn from examples, just as we mak e machines learn from
examples in machine learning. Thus we made both of them nearly
same by making humans do the way the machines do, r ather than
the other way. Can we call this as a great achievem ent in

education over the decades?



