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frequently by different experts of the field and suggested that health 
care system would be most benefited through it [3-13]. Like SB, 
numerous definitions are also available for SM, interested readers 
may consult the recent article written by Marc Kirschner, 2016. 
To us, SM is an implementation of SB approach to identify the key 
component(s) or mechanism(s) of the physiological system in an 
understanding of the pathophysiological state(s) transition, so that 
minimal procedure(s) can be adopted to maintain the sustainability 
of one’s life as long as possible with the ethical applications of all 
existing scientific knowledge. 

This area would specially be important for the multifactorial non-
communicable diseases (NCD), as NCD diseases are considered to 
be the major health burden. As per 2008 data, 36 million deaths each 
year are caused by NCD, whereas 6.7 million people died of infectious 
diseases. This has been reflected in the 2008 Action Plan of World 
Health Organization. Contrary to popular opinion, available data 
demonstrate that 80% of NCD deaths occur in low- and middle-
income countries [14-16]. Possibly this may be the reason for the 
development of e:Med research and funding concept by Federal 
Ministry of Education and Research, or recent announcement of US$ 
215-million N-of-1 project by US President Barack Obama [17,18]. 

The member states of SAARC (South Asian Association for 
Regional Cooperation) countries are Afganistan, Bangladesh, 
Bhutan, India, Nepal, the Maldives, Pakistan and Sri Lanka. SAARC 

Introduction 
Systems Biology (SB) is now considered as one of the most 

emerging field of science and has become the part of mainstream 
biology across the globe. It is very difficult to define this subject. 
Though numerous definitions are put by the experts; however, so far 
there is no consensus definition for the subject, rather each researcher 
in the field differs from other. Nevertheless, the experts in the field 
welcomed newer definitions of the subject so that newer ideas can 
penetrate into this area. Humbly, we would like to define SB as a 
quantitative approach or attempt to decipher the complex inter-
relationships between the biological components across the scales of 
an organism’s microcosmos to reveal the mechanism of sustainability 
of the life of that organism within this mesocosmos. Interested 
readers may consult the papers Kirschner, 2005 and Breitling, 2010 
[1-2]. Undoubtedly, through SB, the complex biological processes 
can be revealed in a better manner; however, in different occasions, 
one of its applicative area i.e., Systems Medicine (SM), is addressed 
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Abstract

Though the inevitable outcome of Systems Biology (SB) may be directed to seek answers to the 
medical problems; however, due to its expanding horizon and flexibility, different academic institutions 
across the globe focus on different aspects of SB in their educational curriculum. Hence, some 
European educationists propose for streamlining of different course curriculum. Here such issues are 
discussed with respect to their translation towards medicine and health care system i.e., Systems 
Medicine (SM) under the perspectives of developing countries. Conventional molecule centric high-
throughput technology driven practices of SB that are being carried out in Western world may not fit 
under the perspective of developing countries due to associated high cost. Streamlining approach for 
SB course curriculum would shift the multi-/interdisciplinary (MDID) framework of SB towards more 
rigidity and narrow down the scope for the development of the subject in developing countries. Since 
independence of India, policy was adopted so that field dependent (FD) cognition has got priority. 
Present educational policy makers are trained with that direction; hence, they remain ignorant about 
the importance of other facets of education. Still there is some unawareness regarding the long-term 
effect about the implemented policy for country’s development. Practice of SM is the need of time to 
address the regional and local problems. Development of domain knowledge and analytical methods 
should be prioritized for developing countries. This would invariably take an initiative towards further 
development of computational methods, information and web technology and automation; thereby its 
vastness and expanding horizons would be appreciated. Such activities may also shift the existing 
health care paradigm in near future. Learning process and education on SM through research could be 
the ideal path for the development of the subject. This, in turn, may blur the demarcating lines across 
and between the far disciplines and make a paradigm shift in the educational system across the globe. 
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comprises 3% of world area, 21% of world’s population and 9.12% 
of global economy as of 2015 [19]. As per World Bank income 
classification, all the member states of SAARC countries, except 
Maldives are considered within the low-income countries. More than 
80% of the world population lives in low-income countries. Among 
the SAARC countries, India has a large population (nearly 1.3 billion 
people that accounts for 17% of the world’s population) and holds the 
third economy ranks in terms of purchasing power (its gross domestic 
product based purchasing-power-parity, PPP valuation of country 
GDP is about $79996 billion) in world [20]. It also bears a worldwide 
reputated $100-billion information technology industry and 1013 
million US$ (in 2012) pharmaceutical industry and have a noticeable 
success in astronomy, space science and biology. As per FICCI 
Higher Education Summit 2014 report, “India is well-positioned to 
cater to the changing requirements of the labor market in domestic 
and international markets due to favorable demographics and large 
output of higher education graduates” [21]. India produced 90.5% of 
total biomedical publications generated by the SAARC countries [22]. 
All these may be the reasons to expect that India has the potentiality 
to become the “south Asia’s super-power” in science. As per 2013 
report, 5% of global shares of clinical trials is India’s share estimation 
[23,24]. Moreover, 80% of donor funded antiretroviral medicines 
in Africa come from Indian generic manufacturers [25]. The World 
share of biomedical research output is gradually growing from India 
along with China and Brazil [26]. Several problems in the health care 
system are also common for different developing countries across the 
globe [27]. Hence, development of science in Indian context could be 
an important issue as India could be the representative for the growth 
and development of science among different developing countries 
across the globe [28]. 

Total number of students and teachers in higher education in 
India are 33.3 million (23.6%) and 1,418,389 respectively with a pupil: 
teacher ratio of 24:1 in Indian universities. Among the total students 
enrolled 0.34% are Ph.D. students [29]. Major enrolment of students 
in undergraduates are in Arts (34%) followed by Engineering & 
Technology (19%), Commerce (14.5%) and Science (12%). There is 
no separate data for number of enrolled students for different science 
disciplines. As per NSF 2010 report, India’s priorities for research (on 
the basis of journal publication) in different disciplines are 28% in 
biomedical research, 67.7% in Physics and Engineering and rest in 
Social and Agricultural Sciences [30]. The total number of foreign 
students enrolled in higher education is 31,632. Highest share of 
students come from the neighboring countries, of which Nepal is 
17%, followed by Bhutan and Iran (7%), Malaysia and Afghanistan 
(5%) [31]. 

Though several facets of science has an enormous growth in India 
as reflected in terms of purchasing power, but it has some serious 
major pitfalls even among the SAARC countries [32]. For example, it 
holds the 7th position in terms of life expectancy (presently the value 
is 67 which lag after Bhutan, for Bhutan the value is 68) and only 69% 
of population enrol for senior secondary education (which is less than 
Bangladesh, for Bangladesh the value is 78%) [33]. These data signify 
that it has some major drawback to become the “south Asia’s super-
power” and hints to readdress the policy for the biomedical education 
and health care systems to meet the challenge [34]. 

Venture of SB in India and other SAARC countries
As per recommendation of the Fourth Meeting of the Working 

Group on Biotechnology (Colombo, 27 April 2011), SAARC, the 
National State-of-the-Art Reports on Biotechnology was uploaded by 
six Member States (except Afghanistan and Maldives) to the SAARC 
websites. In the uploaded report of none of the countries, there is no 
mention of SB activity. Web search using Google does not generate 
any hit on SB activity in each of the member countries of SAARC 
except for India. For Indian activities on SB, website of Indo US 
Conference and Workshop on Synthetic and Systems Biology, 9-12 
Nov, 2014, Jawaharlal Nehru University (JNU), New Delhi reveals 
some information on SB related activity in India.

Few Indian research groups have started work in different areas of 
SB in India. Though Indo US Conference and Workshop on Synthetic 
and Systems Biology, 9-12 Nov, 2014, JNU, New Delhi reported 
that National Centre for Biological Sciences (NCBS) has initiated 
SB activity as evident by wining of prize in IGEM competition at 
MIT [35]. However, in the same year, another group from Bengal 
Engineering & Science University, Shibpur (BESUS) (presently 
Indian Institute of Engineering Science & Technology) published two 
papers in the Journal of Biological Systems [36,37]. Other research 
groups from India namely at the University of Kerala, Bose Institute, 
Jawaharlal Nehru University, Indian Institute of Integrative Biology 
are working on the interface of Bioinformatics, Systems and Synthetic 
Biology. They are actively working on cell cycle, cellular signaling 
network, inter-cellular communications and cooperative behavior of 
microbes. 

Though the number SB research groups are growing in India; 
however SM is quite neglected in Indian context. About a decade ago, 
a research group from BESUS, the only SM research group from India, 
has suggested that developing countries would be most benefited 
with the practices of SM; however, unfortunately, SM has not got the 
deserving recognition in India. It is to be noted here that in recent 
time several suggestions were put forwarded by different research 
groups across the globe, for example, metronomic chemotherapy 
would be the ideal and effective alternative for the management of 
cancer or treatment of cancer for a dollar a day or drug repurposing 
or individualized Systems Medicine for cancer therapy - interestingly, 
all these were suggested a decade ago by the Indian research group 
while working on Cancer Systems Medicine [11,12,38-44]. 

The inherent reason may be due to its multidisciplinary and/or 
interdisciplinary (MDID) nature of SB; and the different limiting 
factors and its overcoming avenues for the growth of the subject 
is discussed in recent time [34]. In fact in the fifth Annual meeting 
of Global Research Council held from 25-27 May 2016 in India 
advocates for promoting interdisciplinary research [45]. Possibly, 
the growth of the subject is also an issue in the western world as 
well and development of newer strategies in the educational sector 
has gained importance [46]. In India, Jawaharlal Nehru University 
is conducting an M. Tech. course in Computational and Systems 
Biology under the umbrella of Computational & Integrative Sciences 
and Punjab University is conducting M.Sc. course on Bioinformatics 
& Systems Biology under the umbrella of biology program. Rest of the 
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teaching programs are being carried out as the part of Bioinformatics, 
Computational Biology and different biology educational programs 
in a few Indian universities. For example, University of Hyderabad 
is conducting course on Systems Biology as part of Biotechnology 
& Bioinformatics, in Bengal Engineering & Science University 
(presently, Indian Institute of Engineering Science & Technology) 
had conducted course on Systems Biology from 2006 to 2009 as part 
of Bioinformatics curriculum under the umbrella of Information 
Technology and in West Bengal State University, SB had been 
taught from 2009 to 2016 as part of Physiology curriculum under 
the umbrella of Science faculty. There is no dedicated department 
in country for SB [35]. But such conducted programs as well as 
several lacunae in higher education in general are the limiting factors 
for its proper growth. In the 12th Five Year Plan, Indian Planning 
Commission placed a report on “Synthetic and Systems Biology 
Resource Network (SSBRN)”. However, in that 44 pages report, there 
are only 3 lines mentioned on Systems Medicine and much emphasis 
is put on the Synthetic Biology that ultimately directed towards test 
tube based investigation. Although in that report, medical aspect is 
included with an emphasis on the communicable diseases but the 
management of persistent infection is ignored and/or not highlighted. 
As a result product based applications are overemphasized. It could 
not be irrelevant to mention here that many biomedical research 
advances are translated into medical improvements outside the 
realm of commercial product development [26,47,48]. Possibly in 
Indian scenario, Synthetic Biology research programs are easy to 
practice, as it is an extrapolation of in vitro biochemistry and mostly 
confined within lab environment [1,13]. The same sorts of policies are 
reflected in the 12th Five Year Plan (2012-17) that has been placed by 
the working group for Health research. In the 39 pages report, only 
the word ‘Bioinformatics’ is used a single time as a support system 
along with e-library and Biostatistics and there is no mention about 
SB or SM or Computational Biology. Interestingly, much emphasis 
is put to infectious diseases. In this connection the comment of Dr. 
Ala Alwan, Assistant Director-General, Noncommunicable Diseases 
(NCD) and Mental Health, WHO is important “Despite abundant 
evidence, some policy-makers still fail to regard NCDs as a global or 
national health priority. Incomplete understanding and persistent 
misconceptions continue to impede action. Although the majority 
of NCD-related deaths, particularly premature deaths, occur in low- 
and middle-income countries, a perception persists that NCDs afflict 
mainly the wealthy” [14,49]. 

Laboratory versus clinic 
In Indian context, the major limitation is that in most of the 

Indian universities, biomedical science is considered and practiced 
as a part of biology curriculum. Though biology helps in shaping the 
biomedical science; however, core biology curriculum is far away 
from clinical and/or medical problems of the real world. As a result, 
it is confined as an exercise of theory and lab based practices. This 
keeps away the trained personnel from real world deployment of 
their knowledge. Recently Cvijovic et al. 2016 [46], proposed some 
structure for the Systems Biology education curriculum. But its 
translation towards Systems Medicine (SM) is questionable and may 
be inappropriate for serving the health care sector in the global context, 

especially for the developing and poor countries. The prime reason is 
that in the proposed curriculum structure, major emphasis is put on 
the test tube based science and/or its associated computational skill. 
There is no scope to be witnessed for clinical cases and its exposure. If 
there is any scope, the trained personnel with the proposed European 
SB education strategy have to depend on the secondary source. Data 
capturing and gathering of clinical information is different from lab-
based environment, as in clinical environment most of the variables 
are beyond the control of the investigator. The main challenge of SM is 
to learn the synchronization and integration of data between lab and 
clinic. SB, especially SM do not have the objective interest of Physics 
or Chemistry, hence it requires a training and mind-set to capture 
and analyze the spatio-temporal variability in individual patients 
[1,11-13]. It is quite unfortunate that in Indian context, majority 
of the teaching faculties (of the biology programs) do not have any 
training regarding clinical scenario and all of their knowledge about 
human diseases are confined within either the secondary source of 
information, or animal or cell line based models. To cite an example, 
majority of the master’s degree biology students can give right answers 
and explanation to the questions on stem cell, pluripotency, totipotecy, 
placenta, placental hormones, fetal circulation; but majority of them 
get confused and remain unanswerable to the question “What is the 
fate of placenta after child delivery?” There is a prevailing tendency 
to ignore the dynamical and qualitative behavior of human diseases 
in most of the biology programs. With the proposed European SB 
educational strategy if followed, the gap between knowledge and its 
translation would enhance. 

Undoubtedly, training with the proposed European skill sets, 
personnel would be equipped for pharmaceutical and biotech 
industries, and possibly drug industry will shape its representation 
with new terminologies. As a result, the translational aspect would 
be inclined towards product development rather than biomedical 
concept development. This, in turn, hampers its development by 
making a wide gap between its true philosophical intentions and 
pursuing practices. This ultimately turns SB to another biotechnology 
discipline with a new nomenclature. 

Issues relating to disciplinary training in Indian 
scenario 

In Indian context, educational structures are rigid and under 
bureaucratic control, hence several forms of clerical assessments are 
imposed during faculty recruitment in higher education [50]. Till now 
there is almost no scope for getting jobs for personnel with SB skills. 
Majority of the cases such applicants are equated as bioinformatician 
or computational biologist or mathematical biologist [34]. Hence 
such streamlining effort would make it much more rigid. It is needless 
to mention here that in reducing time and cost of developing new 
drugs, systems approach is the utmost needed requirement for the 
reassessment of existing drugs. This seems to be impossible without 
witnessing the clinical problems. Though sensing technology is 
questionable regarding high-throughput science; however, India and 
other developing countries may not be able to pursue this aspect of 
SB and need to follow the Middle-out Rationalist Approach (MORA) 
[11,12,40,43]. In this connection it is to be noted here that high-
throughput science “made us aware that there is a world outside our 
laboratories” [1]. 
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SB or SM requires a MDID framework. To appreciate and 
understand the MDID framework a mature mind-set is needed. 
Possibly, an immature mind-set is not capable enough to adopt 
diversified philosophies and different inclinations associated with 
different disciplines. Philosophical understanding of one discipline 
plays a crucial positive role in appreciating and understanding of the 
philosophical inclinations of other disciplines. Within the scope of 
3+2 educational structure, only specific skill sets can be taught [51]. 
Curriculum teaching even with an admixture of some specific topics 
from diversified fields at an early educational carrier ultimately tends 
to be a unidirectional discipline. Such initiative may be referred as 
“disciplinary baptism” [52]. If any predefined educational framework 
for a subject with MDID nature is practiced, then its MDID framework 
will be lost and turned it into another hybrid subject. So the European 
perspective for streamlining proposal on SB educational curriculum 
would be ironic [46]. 

Thus far, biomedical science is descriptive and different disease 
problems are judged symptomatically through clinical investigation 
[13]. It is the trend that symptomatic understanding is generally 
disregarded as non-quantitative by the lab based scientists, but recent 
advancements of artificial intelligence and operation research may 
help to shift such issues into quantitative perspectives. It is interesting 
to note that a lot of lab based quantitative understandings, even the 
static nature of data are now being explained with these analytical 
techniques. Therefore, different lab based subjects are heavily 
dependent on these analytical methods. For providing better health 
care benefit, much emphasis should be put to cost-effective medical 
interventions at the expense of priority interventions with an address 
of social determinants [53]. For improving the health of poor people, 
traditional treatment procedures can be the important way-outs [27]. 
However, methods of evidence based medicine may not be effective 
in proper assessment of traditional medicines that are being practiced 
across the globe, as majority of such practices are based on symptoms 
of individual patients. Thus the same dose or drug formulation 
may not or difficult to be applied on large populations. Through 
SM, qualitative assessment as judged by clinical symptoms can be 
transformed into quantitative statements through use of multi-scale 
modeling, inequations and fuzzy logic. In this manner, traditional 
medicine can get the proper scientific judgment. In addition, service 
sector of health care system would be improved. Unfortunately there 
is no mention of different clinic based practices in the proposed 
European educational perspective [11,12]. European suggestion of 
SB education has its focus on product-based development, which is a 
form of commercialization and commodity practice. It is influenced 
by the macroeconomic policies applied across the globe, whereas 
the issues of development of service sector in health care profession 
remain ignored. Hence streamlining approach may not be the right 
way to address the different health related issues in developing 
countries. 

Uncoupling of teaching and research by focusing on mere teach-
ing curriculum with the assignment of a new name is an old trend. 
Similarly, teaching curriculum related to different disciplines of hy-
brid nature such as Biochemistry or Biophysics has already been de-
veloped long time ago. This is a strategy to drag funding from estab-

lishment and a survival strategy for educational administrators in the 
changing paradigm of learning and development of knowledge [2]. 

Across the globe, faculties are recruited in higher education 
based on their previous training. In India, previous training means 
an acquired degree in a particular discipline and to ignore research 
training. So, disciplinary training has a narrow sense in India and the 
sense is implied only to the training that one has acquired through 
classroom based teaching curriculum. The most detrimental part 
of such practice is that it not only makes restriction to allow newer 
dimension to discipline, but also makes a continuation of outdated 
practices [21]. Suppose a person gets his bachelor’s and master’s 
degree in Chemistry, thereafter gets a Ph.D. degree in Medicinal 
Chemistry with a work in the field of QSAR, for example. In Indian 
higher education structure (as per UGC guideline one has to have 
a Master’s degree in relevant subject), he never gets faculty job in 
the allied disciplinary department like Biochemistry or Pharmacy 
[54]. He can get his job only in the department of Chemistry. The 
“disciplinary baptism” has a narrow potentiality in Indian higher 
education. 

Though numerous evidences become available, but biomedical 
sciences and health care system do not accept any newer therapy 
or protocol based on mathematical rationality and still remain 
dependent on the population based evidences. This is in contrast 
to the disciplinary culture of physical sciences. Therefore, major 
SB activities are confined within lab-based practices with model 
organisms or cell lines. It is needless to mention here that research 
findings for MDID nature generally published in newer journals 
and in majority of the cases, such journals have no impact factor. 
Generally, the established journals with high impact factor do not 
accept research findings until it gets an experimental or clinical 
validation. SM requires long-term clinical data to fulfill the criteria of 
journals with high impact factor [11,55]. Contrarily, funding agencies 
and ethical committees do not allow for clinical trials until a research 
group has a high impact factor journal publication. This is especially 
important in the Indian context. It is also an undeniable fact that in 
developing countries, there are enormous chances of misguidance 
and exploitation of poor patients during medical care. So a ‘standard 
of care’ is needed for implementation of newer therapy or protocol 
[56,57]. For validation, some patients’ data are needed. For getting 
those data, development of standard patient care system is essential. 
And for development of such system, funding is essential. This makes 
a delay in appreciation and/or translation of newer findings of SM 
into treatment and clinical care. As a result, poor patients would 
suffer [53]. This is the major hindrance in the growth of the subject 
especially towards its implementation. Although, in 2011, European 
Medical Research Councils (EMRC) strongly recommended “The 
results of biomedical research should be rapidly and efficiently 
brought to the patient”; however the present scientific culture in the 
field of biomedicine makes a vicious cycle which is often criticized 
as “Assigning of well-defined skill sets with lab based practices is a 
ridiculous Marxist framework” [26,58]. Possibly this may be the 
reason that presently, majority of the clinical translations of SB 
are oriented towards high-throughput data collection followed by 
network analysis. Undoubtedly this area has diagnostic implications. 
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However, such works may remain confined within the static nature 
of data, dichotomy of states (disease versus normal) and SB is being 
projected as an extrapolation of the subject Bioinformatics [59]. 

Priority- teaching versus research 
To determine the priority between research and teaching for 

an academician, a long time debate exists in higher education. 
Undoubtedly in uni-disciplinary field, research may produce a 
specialist with a narrow skill set [60]. However, an opinion on the 
contrary says that a regular researcher can do teaching much better 
than a non-researcher due to his constant exposure to the expanding 
and emerging trend in the subject [61]. The former proposition 
prevails in Indian education sector. Moreover, due to budgetary 
constraint, majority of the universities’ departments are run with 
minimum number of faculty staffs [34,62]. As a result, majority of 
the Indian universities turn out to be the teaching universities. And, 
possibly these are the reasons as to why individuals with undergraduate 
teaching experiences (in substantive position i.e., position with some 
retirement benefit) get more preference than the individuals with 
substantial research experiences during recruitment for teaching 
positions in university. In India, most of the undergraduate teachings 
are conducted in affiliated colleges under respective universities. 
Although affiliating college system may be a major hurdle to maintain 
the global standard of higher education, but it constitutes a major 
part of Indian higher education [50,63]. However, for a subject with 
MDID framework, consideration of previous teaching experience 
may be insignificant, as there is no defined pre-requisite skill as for 
conventional disciplines. 

Implementation strategy 
We suggest that for SB, especially for SM, academic curriculum 

would be best suited after post-3+2 period. Additionally, learning 
on SB is possible only through research. Hence, development of 
new educational structure with a joint MD-MS program may be 
suitable. Georgetown University already started such MD-MS dual 
degree program in the field of SM [64]. Such program is needed to 
be designed with such a fashion that it would lead towards doctoral 
thesis. The eligibility should be of multidisciplinary nature in such a 
way that students from different faculty structures would be allowed. 
MD-MS program on SB/SM has a special relevance as it provides the 
trained personnel with a scholar-practitioner entity, which also has 
the relevance in global context. Presently, due to budgetary constraint 
in education sector, there is gross reduction in tenure-track faculty 
positions with the substantial growth of contractual faculty positions 
in different countries across the globe. Ironically in Indian context, 
tenure-track faculty position is synonymous with contractual position 
[63,65]. With respect to the vast population of India, there is an acute 
shortage of clinical staff and heath care professionals. 2015 National 
Health Profile report reveals that there is one doctor for every 11528 
people and one nurse for every 483 people [66]. Therefore, such SM 
training programs would be helpful in serving a greater portion of the 
population. A 2004 report reveals that in the world one billion people 
do not have access to health care facilities [27]. 

Learning through research is best suited for the subjects with 
MDID framework. Even in conventional medical education ‘Problem 

Based Learning’ is effective in different countries outside India [67]. 
However, it is difficult in the Indian context as teaching and research 
are not integrated in majority of the universities and classroom-
teaching activities are emphasized as academic activity [21,50,68]. 
In recent amendment of University Grant Commission (UGC, a 
regulatory body of Indian universities), classroom teaching workload 
is enhanced and the funniest thing is that hour workload for practical 
classes is equated as half compared to classroom teaching. This clearly 
signifies that much extra emphasis is given to information delivery, 
which is the major component of classroom teaching. However, this 
is really a major bottleneck in the development of majority of science 
disciplines in India [69]. Along with this, UGC took an initiative to 
make a list of journals in an assessment of research of a researcher 
[70]. This creates a further hindrance in the practice or venture into 
the emerging areas of the disciplines. It is globally acknowledged 
by the researchers involved in MDID framework that research 
communications of MDID nature is generally published in newer 
journals and most of them do not have impact factors. A considerable 
number of breakthrough researches have been published in several 
such newer journals. Moreover, assignment of higher priority to a 
select group of journals promotes a monopoly in publication business 
as no new journal or new publisher will come out in future due to 
a lack of viable market. There is little scope of learning through 
research or there is no scope of evaluation of students through their 
research performance and whatever exists, is either vaguely defined 
or confined within a very short span of time within the existing 
curriculum. 

Witness to reality – education in Indian context 
In Indian educational sector, many of us have witnessed several 

unique experiences. For example, a boy in school at 4th standard 
can easily handle to draw pictures through the paint program even 
in Linux operating system and he enjoys this. However, surprisingly, 
he failed to secure pass marks in his school examination with the 
syllabus covering on Paint. While finding the reason, it was found that 
examination system was based on pen and paper and there were some 
theoretical questions that he was unable to write answers correctly by 
making several spelling errors. While another boy who got more than 
90% marks in the same examination, when provided with a computer 
and asked to draw a picture using Paint program became perplexed. 
And, on being asked the reason for his problem, the latter student 
expressed that he did not know how to switch ON the machine. 
Similar experiences are also shared in some recent articles, where 
another little boy got less marks compared to other children of his 
class due to writing of an answer by his own instead of regurgitating 
answers that is present in his book [71,72]. Such experiences in 
other forms are also frequently seen in higher education in science 
where importance on practical training is ignored [73]. Continuation 
of such problem is plausibly due to the educational policy makers’ 
ignorance regarding science as reflected in the recent amendment by 
UGC where workload for practical class is considered as half to the 
class room teaching workload [69,74,75]. 

Since the independence there is no single Noble prize winning 
scientific or technological discovery from India; however, three 
Indian born scientists won Noble prize with their work done entirely 
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outside of India. In 2015-16, none of the Indian university could 
manage a rank within the top 200 universities of the world, although 
some national level research institutes hold rank within top 600 
position [23,76]. These data may hint towards some serious lacunae 
in Indian higher educational policy. Due to unavailability of reliable 
data, there is only some fancy ideas prevail towards raising the levels 
of higher education which rather leads to ad-hocism and chaos [50]. 
Possibly class room teaching, with a mere focus on development of 
professionals with single theme is not the solution for improvement 
of educational standard. Focusing on a single theme like technology 
or medicine or management is the major hurdle to get away from 
the global requirement of MDID activities in higher education [77]. 
Hence, a streamlining approach in SB, especially in SM, may bring 
detrimental effect for India as well as for other prospective developing 
countries. 

Experimental versus mathematical skill 
There is an overwhelming idea in the educational sector that 

biology students cannot acquire mathematical skills or Mathematics 
and Physics trained persons cannot acquire biological experimentation 
skills. But some of us are having different experiences while 
conducting teaching courses on SB (as part of Bioinformatics and/or 
Biology courses) for a decade in two major universities in the eastern 
part of India. Students irrespective of their previous trainings are able 
to learn and adopt different skill sets - experimental, mathematical 
or computational; but they face difficulty when they are asked for 
any real world deployment on clinical or human disease problem. 
With all the available resources in experimental, computational or for 
information on a particular disease aspect, students are generally able 
to make the right algorithm and computational programs; yet they are 
unable to produce any realistic sense regarding the dynamical pattern 
of human diseases. For example, when they are asked for Eigen 
analysis, they make perfect calculation; but when they are asked to 
apply it for a particular disease case, they are perplexed. The inherent 
reason is non-exposure to clinical conditions. The same Eigen analysis 
may be handled in a different way for different human diseases. In 
either of the two universities, there is no medical faculty structure and 
hence, there is no scope to give exposure to the students regarding 
clinical aspects. Even the educational curriculum and administrative 
structure do not support to proceed towards fulfilling this purpose. 
Hence, skill-sets with mathematical or computational jugglery, which 
are generally equated with higher academic potentiality, may not be 
the only solution to get a real solve for human diseases.

Acquiring process of education 
Learning process by the human mind may acquire knowledge in 

two ways – field dependent (FD) and field independent (FID) pathway 
and are domain specific [78]. So, some persons acquire knowledge 
in an abstractive pathway and some through realistic pathway [79]. 
Present day, computer helps persons to acquire skill sets to overcome 
the mathematical symbolism while abstractive pathway to model 
building gives an impetus to the realistic relevance. For SM practice, 
not only creative mind is required but also the realistic sense and a 
conscience regarding human suffering and social responsibility are 
needed. This is an utmost requirement not only for the development 
of the subject as well as for the management of human diseases 
[80-83]. These aspects remain mostly unexplored; possibly most of 

science educationists are unaware of the different facets of cognitive 
development of human mind. The requirements of SM may be 
difficult to understand by the conventional Indian educationists, 
as majority of them are unexposed to different facets of disciplines, 
implementation experience and medical or clinical scenarios. In fact, 
in India there is no separate policy for biomedical sciences; and are 
amalgamated and intermingled with biotechnology programs. As a 
result, different biologists, definitely with high academic calibers, are 
equated as biomedical professionals and hence, hold different crucial 
positions in different policy making bodies concerned with biomedical 
research. Interestingly, most of them do not have prior experience 
or exposure to clinical scenarios. Hence, in India, major notion for 
biomedical research becomes a mere academic pursuit. 

SM as higher education 
The major challenge of SM is not to bring different personals 

from diversified disciplines under the same platform, but the greater 
challenge is to bring different personals with different cognitive 
development. Possibly, practice of SM requires a unique blend of FD 
and FID cognitive patterns. And possibly practice of SM may also 
open up a new perspective in the practice of cognitive science [84,85]. 
With the advent of electronic computer, artificial intelligence and 
operation research, possibly algorithm may acquire the language of 
science especially in SM venture instead of mathematical symbols 
[34,86]. Likewise, automation along with robotic applications will 
make the biological experimentation skill sets insignificant [87]. In 
future, SB especially SM may change the whole educational paradigm 
into a new dimension and requires a different type of educational 
policy makers. 

Major intension of Indian education is on the development of 
professionals with some defined skill sets that has been adopted since 
the time of independence as part of the nation-building program. This 
is reflected in the fact that India has focused on the development of 
institutes with single theme like technology, medicine, management 
or general academics [34]. However, this approach is far away from 
the global requirement of educational standard and majority of 
Indian universities do not possess all the faculty structures [77]. As 
an effect, Indian educational system focuses much on information 
delivery through class room activities, examines the memorization 
function (which are being considered as concept and knowledge); as 
a result excellence is equated to the skill set to solve some predefined 
problems within a short span of time [71,73,88]. As a consequence, 
students are inclined to develop cognition to produce the right answer 
instead of logic or reasoning. This is reflected in the practices in 
several institutions, where examiners are asked to produce the solved 
or model answers even to the short or lengthy answer type questions. 
It is the general trend that common people are suspicious regarding 
continuous evaluation process. Major intention of Indian education 
system is to cater education to large number of people. Hence, 
classroom teaching is prioritized and it becomes synonymous with 
mass education. However, this method is invariably far away from 
the practices of dialectics. Ironically, dialectics are often projected 
as an insult to the core discipline. Hence, Indian higher education 
is primarily concerned to meet the domestic demand rather global 
demand [50]. Exposure to real life experiences and its analysis is not 
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being included in Indian education system. Talking on the extension 
to the core discipline through MDID framework are discouraged, 
mocked with some blunt and callous arguments and projected 
as an insult to the mother discipline especially by majority of the 
senior members of the discipline. It is also an undeniable fact that a 
newer dimension is difficult to accept or understand by those senior 
members who have been trained through a cognitive development 
and practiced some paradigm for more than 30 years. However, 
in Indian educational structure they are a part of and hold crucial 
positions in different policy making bodies. As a result, objective 
interest of educational framework is directed to develop personnel 
in FD oriented skills sets that are more suited with administration 
and technical skills. There is no appreciable difference in the practices 
between school level and higher education system. 

Such practices are in continuation due to occupancy of people 
with a FD cognitive style (this is due to the policy adopted since the 
time of independence). So, FD dependent skills are expressed with 
a feeling of pride. Importance of MDID framework is not generally 
understandable to general people and even to educational policy 
makers. Such ignorance levels is so much prevalent that people 
involved in educational policy making bodies do not have the sense 
regarding their opinion which may bring detrimental effect on the 
regional/national academics and ultimately to the nation building 
[88,89]. However, as per WHO recommendations, for providing 
better health care much emphasis should be put to analysis and 
rational policy making [53].

Knowledge generated in cognitive science, artificial intelligence 
and robotics indicate that majority of the administrative tasks can be 
handled by automation and machine; however, interestingly in Indian 
educational system administrators are projected as educationists. 
Major discussions on suspiciousness and an encouraging environment 
on the policing action among and between the colleagues prevail. 
Indirectly all these are for holding the local bureaucratic control. It 
is an undeniable fact that administrative powers are need to be more 
valued to maintain the bureaucratic control [23,50]. Interestingly, 
there are some tendencies among some faculty members to project 
themselves as pro-system to hold some administrative and regulatory 
positions in educational sector. Such practices are inevitably 
magnified at the national level initiative by UGC of making some 
gold standard for research publication. Though higher education 
requires diverse quality standards to meet a variety of needs of 
different stakeholders. This also enables individual institutions to 
experiment and innovate. Unfortunately, it is absent in the cognitive 
process of the decision makers of Indian higher education system and 
all are measured in same scale [50]. Due to unavailability of career 
prospect data, ad-hocism continues. In India, generally experts are 
selected on the basis of designation and not on the basis of research 
contribution. And designation depends on how many years a person 
spent in a substantive position. Hence there is absence of researcher 
or experts who have the orientation for MDID framework. In most of 
the cases, assessment is done on the conventional aspects and some 
irrelevant clerical assessments are made. So, due to absence of proper 
expert in MDID framework, accountability through external checks 
is meaningless. Moreover as major focus is on the development of 
FD cognitive process, so MDID programs including SB/SM program 
has been out of focus from the Indian higher education system [73]. 

SB as free discipline 
All biomedical science is heavily dependent on physical and 

mathematical sciences for capturing data and its analysis and decision-
making. Interestingly, over the last few decades, several mathematical 
optimizing techniques (mainly heuristic techniques) in operations 
research like Genetic Algorithm, Ant Colony Optimization, Neural 
Network, Particle Swarm Optimization etc. have been developed by 
borrowing concepts from biological systems. The foresaw of Karl 
Marx “Natural science will in time incorporate into itself the science 
of man, just as the science of man will incorporate into itself natural 
science: these will be one science” is aptly fit to the SM venture [90]. 

In our apprehension not only science trained personnel but also 
people with humanities and social science background may acquire 
required skill sets and knowledge for SB/SM and may be important 
for the management of human diseases in future. In a very recent 
document, it is reported that a person with a background with English 
literature, developed skill sets on brain anatomy, functional MRI and 
statistical interpretation while making research on the history of 
psychology and ultimately address a very important health issue that 
“why, in brain-processing terms, might culture be good for you (if it 
is)?” [91]. Realistically, it is difficult to predict how a researcher will 
address which question and how he/she will shape his/her research to 
address the problem and for that what sort of technical skills would be 
required cannot be pre-assigned. It may be quite possible that none of 
the technical skill sets as mentioned in European proposal would be 
required for a particular research problem, in the area of SM.

We apprehend that SM approach will blur the demarcating line 
between different far and unrelated disciplines in future and this is 
only possible while asking some serious health related problems. 
It is interesting to note that with the advent of computer and web 
technology, the concepts of industry and business have changed. 
Further open source movement, open access journals, scope of 
free blogs, different web based social and scientific media provide 
the necessary impetus to revolutionize the medium of knowledge 
exchange. Possibly through the practice of SM, with the help of 
automation, web and information technology the concept of health 
care system may change in future. In India, several universities have 
affiliating colleges and in those colleges there is almost no scope 
for research. So far different lab based subjects especially biological 
research is heavily dependent on laboratory infrastructure and grant 
money for research. Hence, some dissatisfaction prevails in research 
oriented undergraduate teachers. However, SB may provide the 
necessary opportunity to those teachers, as different facets of SB do 
not require any lab, grant money or infrastructure like conventional 
other biological disciplines; however, very important conclusions can 
be made with the applications of systems approaches in biology [92]. 
Moreover, some better understanding can be made in a quantitative 
terms through the use of computational methods rather empirical lab 
based practices of biology. For example, long-term effect of a drug or 
off-target toxicity cannot be predicted by lab-based experimentation 
[37,41,42,93-95]. 

Research in undergraduate medical education is also very poor 
in India. This has also been reflected in the comment of Indian 
Prime Minister Mr. Narendra Modi [96]. A report reveals that 
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India’s global share on medical research was only 0.714% [97]. On 
the basis of publication record during the period of 1999- 2008, 
India holds 12th rank among the productive countries in medicine 
research consisting of 65,745 papers with a global publication share 
of 1.59% [98]. In India a considerable amount of medical oriented 
especially biomedical researches are being conducted outside of 
medical faculties/education system. These aforementioned reports 
actually considered every fields of biomedical research and had not 
distinguished whether such medical research are conducted outside 
of the medical faculties/institutions or not. In 2016 report clearly 
indicates that in India only 25 medical institutes out of 579 medical 
institutions can actively do research and publish their research 
findings. Interestingly these 25 medical institutes share 40.3% of the 
country’s total research output [99]. Such poor condition is due to 
overwhelming clinical burden and lack of infrastructure in different 
medical colleges. Hence, in this situation, SM also helps to motivate 
a research culture in different medical colleges, as there is no dearth 
of patients’ medical data. Therefore, we apprehend that practice of 
SB, especially SM can make a change in the practice of education and 
learning process in the medical education system in near future. So, 
different awareness programs for undergraduate college teachers may 
be helpful for expansion of SB. 

Constraints and paradigm shift 
To include the clinical perspective in biology or practice of 

biomedical sciences is difficult and a paradigm shift in educational 
policy is utmost needed. In majority of the Indian universities 
budget allotment for different subjects are being same, sometimes 
science disciplines get the same amount of grant as the humanities 
or social sciences. And budgetary allotment depends on the number 
of students. Some unique arguments or aberrant proposition is 
frequently expressed by the administrators in academia with the 
concept of student teacher ratio [100]. To meet the MDID framework, 
inter-university faculty exchange programs or trans-institutional 
collaborations are good and can easily be implemented for theory 
or lab based subjects [23]. Though such inter-institutional research 
collaborations are prevented by local administrative control; but for 
clinic-based subjects such programs are more difficult to pursue in 
Indian context. This is because of not only different institutional 
administrative structures exist between medical education and 
biology education but also different educational system may be the 
major hurdle to make it operative. In India, Biology education is 
exercised in university education system under the Ministry of Human 
Resource & Development, whereas medical education is practiced 
in different medical colleges under the Ministry of Health & Family 
Welfare [26]. It is needless to mention here that SB or SM cannot 
be simply equated as basic science and needs different specialties 
but with same passion [13]. Hence, practices of SB especially SM in 
existing academic institutions may not be carried out and need some 
separate institutions with different type of administrative controls. 

MDID research with neighbouring (near) discipline is easy and 
is well practiced but MDID research with far discipline is a challenge 
and for SB/SM this is the most pre-requisite need [34]. Though such 
research activities are advocated by the Global Research Council to 

the different research granting agencies under Govt. of India, but in 
India such activity is either not encouraged or encouraged with some 
vague propositions [91]. 

Another problem of conducting research programs with 
MDID framework is due to persistence of ascribing Ph.D. degree 
with faculty nomenclature. Though across the globe, people from 
engineering disciplines are actively engaged in SB research and SB 
becomes the part of engineering curriculum, but policy makers of 
Indian engineering education systems are not aware about these 
facts [46,101-103]. Hence, in India this becomes a major issue in the 
recruitment policy especially in engineering discipline. It is of general 
trend that students generally avoid programs with MDID nature due 
to insecurity of getting jobs in future [34]. 

Practices in academia 
In Indian context, a good amount of money is utilized for 

conducting meetings in educational sector. To improve the condition 
of science in India, policy was developed for faculty exchange 
program [104]. A good number of people go for exchange program, 
make foreign visits. Undoubtedly, several good publications with 
very high impact factor are produced out of such programs, but 
the irony is that the same person cannot produce or fail to produce 
consistently even a low impact factor publication or even publication 
with ISBN/ISSN number after returning to home land and societal 
contribution or even national level contribution remains a distant 
dream. Even majority of persons with foreign doctoral degree unable 
to solve local problems, continuation of their researches is just an 
imposition of foreign problem to Indian context. Hence, “there 
are marked inequities in relation to the burden of disease and the 
geographic distribution of research” [105]. Development of several 
national level health research institutes with a single theme may be 
another cause of such discrepancies and/or recruitment policy for not 
selection of persons to his/her parent institutes. Contrary to lab based 
science practices, disease related research requires a pre-requisite of 
domain knowledge. Interestingly, the concept of domain knowledge 
is not understandable to Indian science policy makers and recruiters 
[34]. A good number of people in higher education survive by writing 
popular articles and getting involved in popularization of science. 
Popularization of science by higher education academicians is another 
peculiar inclination in Indian academics, possibly this provides a way-
out from real problems and/or some solace to the sensitive minds. 
The outreach societal activity of a university is commonly seen and 
encouraged as arrangement of seminars lectures with popular mode 
that invariably carries no sense of dialectics. It is commonly seen that 
majority of the persons involved in academic administration fail to 
maintain any consistency in research activity and whatever research 
publications they produce are either survey based work or as a part of 
another research group specially with foreign collaboration [71,105]. 
If they produce several research publications, but with an extent of 
huge grant money. To avoid such misutilisation of public money, 
only young people would be encouraged for exchange programs and 
web based technologies should be utilized for conducting meetings 
in academics. For choosing a person for different policy making 
bodies in educational sector, their present research ability should be 
judged and while judgment some parameters need to set with respect 
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to the amount of grant money utilized (like an investment) for each 
of the research output. If such activities are not implemented, then 
academics will suffer. It is needless to point out here that in India 
getting of research grant is questionable and discussed recently 
[34]. An alarming report is published in 2010 that a major grant is 
sanctioned to academicians “from six Indian science academies” 
based on a research proposal which is “simply cut-and-pasted text 
from a previous publication” [71]. From Chaos theory, it is now 
known that some local issues are vital in an understanding of a 
system dynamics. Human health is a dynamical system and hence 
its management can be better solved if there is an understanding of 
regional and local issues in a dynamical manner. But surprisingly a 
recent report indicates that there are marked inequities in relation 
to the burden of disease and geographic distribution of research 
[105]. This also indicates an anomaly of recruitment policy developed 
in an ad-hoc manner as discussed very recent time [34]. Hence, 
major emphasis should be given on research outputs that are being 
conducted within the homeland. Much emphasis should be given 
on collaboration within country, and for this, some administrative 
support and flexibility is needed. 

Undoubtedly a lifelong training is needed for venture into SB or 
SM work. In India, several faculty improvement courses are conducted 
as refresher courses that actually do not help faculties in their research, 
as majority of those programs curriculum are devoid of any hands-on 
training or applicative part. Most of the refresher courses are oriented 
with mere lectures that only provide information. Realistically, in 
today’s web based world, one can easily retrieve those information 
through web search if one wants to. However, attending some of 
those refresher courses is mandatory for university faculty members 
for getting promotions in job. Majority of the refresher courses are 
discipline directed and allow only discipline-based personnel, so 
majority of the participants (especially Ph.D. holders) almost know 
everything regarding methodologies behind the research topics that 
are being delivered in the refresher courses. In lieu of that a hands-
on training programs are needed to develop for venturing into the 
subjects with MDID nature especially in SB/SM. 

A review report published in 2005 also clearly indicates that 
NGOs can make strong and lasting inroads into reducing the disease 
burden of the world’s most affected populations through effective 
research action [106]. Since the time of pre-independence this had 
been practiced. The notable example is the development of Indian 
Association for Cultivation of Science by Dr. Mahendralal Sarkar 
and this society helped India to win only single Noble prize to Indian 
science by the Indian origin. Presently, in India, people generally 
become encouraged with the establishment directed academics, but 
scientific society or free type academics is unappreciated and regarded 
as waste of time. Several seminar sessions are being conducted in 
Society for Systems Biology & Translational Research on different 
topics having MDID nature; however, as there is no incentive, so 
very few people even from academics attend such seminar sessions. 
Though at present moment, people can understand and become pro-
active for any welfare society or politically directed society; however, 
scientific research society is not very popular in India. Such differences 
in attitude are due to penetration of only FD type of cognition. 

It is needless to point out here that a different cognitive style may 
be needed to explore in the areas of research with MDID nature and 
that is needed from early childhood. So we appreciate the European 
proposal of inclusions of systems level understanding of biology 
at the school level; however, with an inclusion in research/creative 
mode. An initiative of inclusion of one subject in school covering 
the methodology of retrieving information on different facets of 
MDID nature from web (not only SB/SM) may be beneficial for the 
development of mindset of the future generation towards MDID 
subjects. 

Concluding remarks 
The idea of Rainer Breitling, University of Glasglow “a generous 

openness towards new ideas is required to provide all the intellectual 
tools to sustain a research area with as wide a scope as systems biology” 
is more applicable for developing countries especially for India, and 
to avoid the criticism as “one of those hypes”, SM would be the 
inevitable outcome of SB venture. Imposition of European proposal 
on the streamlining approach of SB needs much more money; and 
India (and other developing countries) possibly cannot afford this 
due to associated sophisticated technology. With the commodity 
and commercialization approach towards health care, though some 
fragmented research can be produced; however, health care system of 
India may not be able to implement this aspect of SB due to associated 
huge cost, as existing medical cost is itself unbearable to the poor 
patients of India. This may be true for other developing countries as 
well. Even in the high income country such as UK, it is observed that 
within a country there is a gross difference in the average life-span 
by some 28 years, depending on whether a person is in the poorer or 
wealthier strata of society [53]. 

However, contrary to the western world, there is enormous 
possibility to get clinical data of Indian patients provided some 
administrative and managerial reforms in academics and health care 
systems are allowed. Proper implementation of SB, especially in SM, 
a research or problem oriented approach could be the ideal. In this 
connection, Sir Michael Marmot, Chair of the Commission on Social 
Determinants of Health, World Health Organization, may be noted: 
“The key determinants of health of individuals and populations are 
the circumstances in which people are born, grow, live, work and 
age, and those circumstances are affected by the social and economic 
environment. They are the premature cause of disease and suffering; 
that’s unnecessary. And that’s why we say a toxic combination of 
poor social policies, bad politics and unfair economics are causing 
health and disease on a grand scale.” Hence, India’s needs and 
experiences on SM would be helpful for the development of SM in 
other developing countries. Moreover, if once it is implemented in 
India, then generation of large public health database may be a good 
initiative for understanding of preventive medicine and sustainable of 
health care practices with low cost. 

It may not be irrelevant to note here that although sometimes 
used interchangeably, there is a sharp and fine difference between 
‘administrative reforms’ and ‘managerial reforms’. ‘Administration’ 
is a top-level determinative or thinking function, which is mainly 
concerned with the determination of major objectives and policies; 
whereas ‘Management’ is largely middle and lower level executive 
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function which is mainly concerned with the implementation of 
policies. Furthermore, administrative decisions are mostly influenced 
by public opinion and other outside forces and are not directly 
concerned with direction of human efforts. However, managerial 
decisions are mainly influenced by objectives and policies of the 
organization, and are actively concerned with direction of human 
efforts in the execution of plans [107]. To venture into SM, admixtures 
of creative talent with patients care management skill set are essential, 
and for this witness to clinical problems are the essential pre-requisite. 

For successful implementation of SM, funding from public sector 
is essential but without government control [23]. For developing 
countries already Middle-out Rationalist Approach (MORA) is 
proposed and a considerable number of research works with respect 
to cancer has already been done [11,12]. However, towards the trials 
of SM, new institutes are utmost needed with some fresh personals 
who are trained with creativity in human health care research directly 
but with an MDID framework in native land. We hope that such 
venture will make a paradigm shift in education and health care 
system and able to show some newer avenues to the world. 
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