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Changing profile of undergraduate level science teaching in India with
special reference to biology

Kambadur Muralidhar and B. K. Tripathi

In our country, undergraduate (UG) level
teaching in natural sciences, has been
based on two models. One of them is the
three-science domain (biology, chemistry
and physics) teaching model and the
other, popularly called Honors involves
in-depth training in one of the science
domains. In some parts of India, both the
models are followed. As undergraduate
degree course is sandwiched between
postgraduate course and the higher sec-
ondary school course, any changes in
curriculum at these two levels should
influence UG level training. Since the
last two decades, there have been many
changes in postgraduate (PG) pro-
grammes. Areas like genetics, molecular
biology, biochemistry, biotechnology,
ecology, limnology, etc. have been iden-
tified as independent PG courses but UG
courses largely remained unchanged
focusing on core disciplines like botany
and zoology. At present the UG level
training is being imparted in ‘life sci-
ences’ than in botany or zoology. Life
sciences means different things to differ-
ent universities. Honors model B Sc de-
gree courses have also been started in
functional areas of biology like bioche-
mistry, genetics, etc. The debate on the
relative content of basic versus applied
courses within biology has been periodi-
cally swinging either way, but these days
there is an increasing presence of applied
courses alone like biotechnology, seri-
culture, ete. at the UG level.

To keep pace with such UG and PG
course designs, the curriculum at higher
secondary school level needs suitable re-
structuring. The National Curriculum
Framework (NCF-2005) developed by
NCERT has recommended that the
learner should acquire knowledge and
skill through process learning with disci-
plinary approach at the higher secondary
level. The biology textbook at this stage
has been formulated to meet the require-
ment of the learner at the tertiary level of
education in biological sciences'. With
additional complications arising out of
implementation of integrated post-school
5-year M Sc courses or integrated PhD
(M Sc + Ph D) courses, the nature of B Sc
level training in biology has again drawn

attention in academic circles. A plea is
made for 3 or 4-year B Sc Honors type
course in integrated biology instead of
botany, zoology, biochemistry etc. This
can be the stepping stone to a host of
vocational and  higher educational
courses.

UG level education in colleges and
universities has always managed to draw
societal attention and political debate for
a number of reasons. The sad part of
these debates and discussions is that the
problems of the academic community, be
it school teachers or working scientists,
have overshadowed those of science
education in all such deliberations. The
consequence has been a total absence of
any educational reforms or restructuring
at the UG level. While some new institu-
tions like IISER and NISER have begun
functioning as part of the solution, there
have been no transparent public debates
through newspaper columns or seminars
on this issue. The lone exception is the
recent inter-academy initiative on 4-year
courses, which has been discussed at
various fora®. It is obvious that the major
stakeholders like the Government science
departments and UGC have either (i) no
interest, (i1) have no ideas, (iii) feel
intimidated by the enormity of the situa-
tion, or (iv) clueless about the adminis-
trative means to bring about envisaged
reforms. Therefore, we have to look at (i)
the statement of the problem(s) in the
existing systems, (ii) probable solution(s)
and (iii) the administrative mechanism(s)
by which reforms have to be brought into
operation.

UG education has to be of good qua-
lity and also accessible to everyone. Two
implications of this statement are that
one, we need more colleges so that the
student need not commute more than
5 km to reach the college. The college
should not be of residential type. It will
solve the problems of hostels in situa-
tions where supply does not meet the
demand; two, it should be broad-based
giving proficiency in one major natural
science (physics, chemistry, earth and
life sciences) or mathematics.

One of the suggested reforms to take
care of quality is longer duration of for-
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mal education. Currently, it takes 15
years of formal education to complete
the UG degree successfully. Professional
UG degrees (BTech, MBBS, BVSec,
etc.) take a total of 16—17 years of formal
education. If we add the years of post-
graduate and research level education,
one can see that a person becomes em-
ployable around 30 years of age. We
therefore face a situation where two
mutually exclusive forces are pulling
educational reforms in two opposite
directions. One of them being towards
vocational courses leading to employ-
ment for lateral exit, preferably early.
From demographic and socio-economic
considerations, this solution is not bad.
Sixty two years after independence, the
starting of new institutions to impart
quality science education at UG level is
itself an acknowledgement of the fact
that our UG and PG science education is
not of good quality. Hence, longer dura-
tion of formal education is not a solution
to our problems. A second reform has
been in increasing the learning load to
serve both quality and equity. It does not
take great insight to realize that quality
and equity are mutually exclusive.
Experimental science, being very cost-
intensive adds credence to this belief that
equity and quality cannot co-exist.

The following options should be avail-
able to improve the quality of education
in our country. (i) Ten years of formal
school education with lateral exit to-
wards vocationalization. Eighteen-year
olds today are smarter and better in-
formed than those of a generation or two
back. (i1) A three to four year under-
graduate degree ensuring a broad-based
training and skill building to create so-
cially responsible healthy citizens. How-
ever, it should be organized by clubbing
two years of higher secondary school
education and one or two years of pre-
sent UG level degree courses. Expertise
is not what we should be expecting in
those students at the end of this UG edu-
cation. The only quality to be assured, at
the end of UG level education, is em-
ployability and/or willingness to learn.
(ii1) A small percentage of UG, based
strictly on aptitude, talent and health can
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take up integrated M Phil-Ph D degree of
5-6 years duration with a provision for
lateral exit with an MSc or M Phil
degree. The difference between the two
would be whether one has done a project
(M Phil) or not (M Sc). The remaining
undergraduates should be able to find
employment after one year of additional
job specific training to become technical
staff or school-level teachers. Quality is
looked at from two perspectives. It can
be defined as either talent and aptitude
for higher academic pursuit or talent and
emotional maturity for immediate em-
ployment. Moreover, if parallel restruc-
turing is done in medical, veterinary and
engineering degree courses both in dura-
tion and the pre-requisites®, the same 3-
or 4-year UG degree holders can become
entry pool for professional courses also.
All professional courses should be of 3
years duration and of integrated type
leading to M D, M Tech, M VSc degrees.

Syllabus revision exercises in all uni-
versities and colleges invariably mean
adding more courses but never deleting
or changing or reorganizing the existing
course. Let us take a look at the content
of biology courses at the UG level. B Sc
level courses in zoology or botany were
to a large extent descriptive giving
details of fauna or flora classified into
taxa. This was essentially reflecting the
biological knowledge of those times.
There was a time when taxonomy, sys-
tematics and evolution were the only
areas which could be taught. The only
additions as time progressed were in the
areas of anatomy, histology, embryology,
behaviour, ecology and a bit of physio-
logy and microbiology. Most of the in-
formation in all these areas is acquired
by observation and description rather
than analytical experimentation. When
experimental botany, zoology and mi-
crobiology were established, functional
areas got established. These were bio-
chemistry, biophysics, genetics, physio-
logy, pharmacology, etc. Majority of the
biology departments did not absorb this
new knowledge. On the contrary, these
areas gave rise to different departments.
Most of them were offshoots of chemis-
try, physics or zoology/botany. Some
biological departments however absorbed,
to varying degrees, this new ‘modern bi-
ology’ by adding courses in biochemistry
(physiological chemistry), genetics, cell
biology or even molecular and develop-
mental biology. That is when problems
arose in the learning/teaching load. UG
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courses got stratified into one domain
‘honors’ courses and three domain ‘gen-
eral/pass’ courses. This single domain
‘honors’, later included functional arcas
like biochemistry, microbiology, etc. and
applied areas like biotechnology. These
developments were largely knee-jerk
reactions driven by personal egos or mar-
ket-demand perceptions. They did not do
justice to the nature of biology. Teachers,
students and parents were all confused.
More confusion was created by some
universities when they started PG
courses in ‘life sciences’ or ‘biosciences’
or ‘biological sciences’, etc. In many
places, this was an euphemism referring
to a mixture of sub-disciplines. The mix-
ture could be botany and zoology. It
could be behaviour, immunology, mo-
lecular biology, biochemistry, microbio-
logy, etc. It could also be cancer biology,
genomics, bioinformatics, molecular bio-
logy, etc. They were mixtures without a
philosophical backing. Most of them left
out ‘classical field biology’. There was
never an organic thread or theme running
through those courses. Meanwhile, most
of the departments based on functional
areas (biochemistry, genetics, plant mo-
lecular biology) began sensing a defi-
ciency in their courses and incorporated
teaching courses from sister departments.
They coined a term ‘inter-disciplinary
teaching’. There are some who have
taken it to such a ridiculous extent that
there is no ‘core course’. Every course
was from some other department. Fund-
ing agencies on one hand and employers
like public service commissions on the
other, further contributed to the ‘mess’
by making strange demands on essential
and desired qualifications. Meanwhile
there were serious debates in certain aca-
demic communities to restructure UG
courses to make them more broad-based
(the bottom line was away from the
single domain honors model) and in the
process accept ‘life science’ as a single
domain. Figure 1 diagrammatically re-
presents these various models at UG
level.

In model 3, life science course syllabi
are written as botany plus zoology but
not integrated. It is taught in IGNOU.
It is partially integrated within life sci-
ences. It has no separate courses in
chemistry. In model 4, there is again par-
tial integration but better than the
IGNOU course. This is followed in Delhi
University. Model 5 is not followed
anywhere. It is a modification of the

IGNOU model. Model 6 has vertical and
horizontal integration and is a UGC rec-
ommendation. Course titles however are
sub-discipline based. Model 7 has been
adopted by the S.V. College of Delhi
University. The philosophical underpin-
nings of this course and the course titles
have been discussed elsewhere”.

UGC CDC-Zoology has suggested
that if possible B Sc (Biology) course
should be implemented in Indian univer-
sities and colleges. The semester system
was recommended. A brief write-up on
the philosophy underlying such a course
was given. The duration of UG degree
course recommended was 3 years. It was
instructed in the form of 30 theory
courses and 6 laboratory courses, each
lasting a semester, i.e. 90 working days
or 15 weeks. Total credits assigned were
90 for theory and 108 for laboratory
work. 60% of the courses pertained to
biology, 30% to non-biology sciences
and 10% to non-science courses. This
was the first integrated biology UG pro-
gramme officially recommended in the
country’. The syllabus was suggested in
the form of sub-disciplines like bioche-
mistry, genetics, etc. The recommended
courses titles were as follows:

101 Mathematics for Biologists
102 Biodiversity-1

103 Biodiversity-2

104 English for Scientists

105 Cytology

100L-1 Laboratory course

106 Chemistry for Biologists
107 Regional Language/Sanskrit
108 Environmental Science
109 Genetics

110 Plant Anatomy

100L-2 Laboratory Course

201 Physics for Biologists

202 Biochemistry-3

203 Microbiology

204 Biostatistics

205 Ecology

200-L-1 Laboratory Course

206 Physics for Biologists
207 Chemistry for Biologists
208 Plant Physiology

209 Biodiversity-4

210 Plant development
200L-2 Laboratory course

301 Biophysics

302 Animal Physiology
303 Animal Development
304 Computer applications
305 Evolution

300L-1 Laboratory course
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Figure 1. Diagrammatic representation of various models.
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306 Biochemistry

307 Science and Society
308 Molecular Biology
309 Applied Biology
310 Cell Biology

300L-2 Laboratory Course

The inter-academy initiative on a 4-
year B Sc degree course can easily be
structured on either the UGC recom-
mended model or Delhi University model
by including two more semesters; one for
project work and another for instruction
in few more papers to focus on a major
sub-discipline within biology like bio-
chemistry, physiology, genetics, biotech-
nology, etc. Alternatively, a true research
project component can take the duration
of a semester.

Conclusion

Undergraduate education in science has
witnessed a range of structures and sub-
ject/disciplines such as honors degrees,
pass courses, postgraduate diplomas,
general degrees, etc. With regard to bio-
logy-related subjects, there are bache-
lor’s degrees given for medicine and
surgery as professional degrees; other

disciplines include zoology, botany, bio-
chemistry, biotechnology, microbiology,
biomedical science, etc. There are single
subject honors courses and 3-subject
general B Sc courses. Some variations,
like 4-subject B Sc courses also exist.

However, the philosophical underpin-
nings both from technical (discipline-
based) and from educational perspective
has not been seriously enunciated or
debated.

Biology is the science of life forms
and living processes. Over centuries, bio-
logical knowledge has led to many tech-
nologies benefiting humans, be it in food
security, health sector or national secu-
rity. One can name sericulture, medical
zoology, vaccines against viral, bacterial
and parasite diseases, diagnostic methods
for infections diseases, pregnancy, can-
cer or genetic and nutritional disorders.
Possibilities of application to human
welfare has driven growth of biological
knowledge; be it horticulture, biophar-
maceuticals, or emerging technologies in
communication.

Biology should be taught as a single
natural science domain at the UG level.
One can have many models differing in
course titles and degrees of integration
within biological sciences and among

natural sciences. All that is being pro-
posed here is to integrate the natural
sciences, conceptualize biology and
incorporate more physical sciences,
mathematics and computer applications
into biology curriculum and thus present
biology as an integrating natural science”.
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Teaching and research

S. C. Dutta Roy

In this article, I shall use the two terms
teaching and research together to mean a
single profession and for brevity, use
only ‘he’ to indicate both genders. My
aim is to (i) share with my senior col-
leagues the commonalities in our experi-
ences, and debate on the differences; (ii)
to advise my younger colleagues to
appreciate and enjoy the positive sides of
this profession, and provide them some
clues and suggestions to overcome the
negative sides, if they find any; and
(most importantly) (ii1) persuade research
scholars and other students to consider
teaching and research as a career or life-
style option.

*Extended summary of an ‘Institute Lecture’
delivered at IIT Kharagpur on 6 April 2009.
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Teaching, it is said, is a noble profes-
sion, because it comprises a lot of giving,
without expecting any return from the
receiver. A teacher gives his best to the
student, irrespective of his scope for
career advancements and benefits. The
teacher—student relationship is a unique
one, and is non-reciprocal, because it
comprises one way flow, which does not
have a parallel in any other type of
human relationship.

The freedom of time management is
one of the most attractive features of the
profession. A rough calculation shows
that during any semester, the actual time
needed for teaching, including prepara-
tion and assessment, hardly ever exceeds
20% of the total time available. You are
free to distribute the rest of the time in
any manner you like — amongst research,

— a lifestyle option and a lifetime experience*

innovative development, consultancy,
conference participation, book writing,
hobbies, etc.

A teacher should be active in research.
Teaching without research is likely to
make vyou stereotyped, outdated and
stale, however good you maybe as a
communicator. Updating knowledge for
the purpose of teaching is not enough — it
must be applied to seek and find undis-
covered truths. Being active in research
will also help you to innovate on teach-
ing methods, to see and show existing
knowledge in new light and inspire your
students to think anew and be creative.
Various awards and recognitions are
available for an outstanding researcher,
which are relatively easier to aim for if
you are in the teaching and research pro-
fession, as compared to others, because
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