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Martin Cooper (94 years), father of the cellphone said “in the future, we
can expect the cellphone to revolutionize education and healthcare”

https://ourworldindata.org/technology-long-run







Total global spending on research and development (R&D) from 1996 to 2022 (in billion PPP U.S. dollars) @ Statista





https://en.wikipedia.org/wiki/List_of_countries_by_number_of_scientific_and_technical_journal_articles



https://dashboards.sdgindex.org/map/indicators/expenditure-on-research-and-development/values
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Where is science heading? 
Ancient Science Modern Science 21st Century Science

Motivation (researcher) Inquisitive Inquisitive | Interest Inquisitive | Interest | Career

Motivation (funder) Patron Endowments | Corporates Governments | Corporates | 
Endowments

Areas of research A few Several Multitude

Number of researchers Hundreds Thousands Several millions

Geographical distribution 
of researchers

Local Local | Regional Local | Regional | Global

Connectivity of 
researchers

Local Local | Regional Global

Dissemination of 
research

Slow Gradual (via printed books) Instant (via digital infrastructure)

Qualification of 
researchers

Apprentice Higher education Higher education| PhD

Knowledge | Skillset of 
researcher

Inclusive Poly-disciplinary | 
Monodisciplinary

Monodisciplinary | Specialized in 
a narrow domain

Pace of research At own pace At own pace Hustled

Research funds Sporadic Sustained Professionally managed
DOI 10.1080/07373937.2023.2205799
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Jose, R., Ramakrishna, S. Humanity’s Top Ten Existential Concerns. Mater Circ Econ 4, 26 (2022). https://doi.org/10.1007/s42824-022-00068-0





Journal of Energy Chemistry 59 (2021) 688–705, https://doi.org/10.1016/j.jechem.2020.12.005

Carbon Neutral Pledges by Nations

India
2070

Singapore 2050

Depollution: Zero carbon by 2050 pledges by the countries

Australia
2050







Schmitz, O.J., Sylvén, M., Atwood, T.B. et al. Trophic rewilding can expand natural climate solutions. Nat. Clim. Chang. 13, 324–333 (2023). https://doi.org/10.1038/s41558-023-01631-6
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Rindermann, H. (2018). Human Capital, Cognitive Ability and Intelligence. In Cognitive Capitalism: Human Capital and the Wellbeing of Nations (pp. 40-84). Cambridge: Cambridge University Press. doi:10.1017/9781107279339.004
Gwenith G. Fisher et al Chapter 2 - Theories of Cognitive Aging and Work, Editor(s): Boris B. Baltes, Cort W. Rudolph, Hannes Zacher, Work Across the Lifespan, Academic Press, 2019, Pages 17-45, https://doi.org/10.1016/B978-0-12-812756-8.00002-5.

Fluid intelligence is the ability to reason, analyze and solve novel problems in unique and novel situations.
It is highest relatively early in adulthood and starts to decline in one’s 40s.

Crystallized intelligence is the ability to use knowledge gained from past learning and experience. And
because it relies on building on years of an accumulating body of expertise and knowledge, it tends to
increase through one’s 40s, and does not diminish until very late in life.



https://www.straitstimes.com/opinion/how-old-is-too-old-and-when-do-you-call-it-quits-from-work





Smirnova Lena, et al, Organoid intelligence (OI): the new frontier in biocomputing and intelligence-in-a-dish, Frontiers in Science, 1, 2023, DOI=10.3389/fsci.2023.1017235    

Human Brains Vs Computers
Human brains are slower than machines at 

processing simple information, such as 

arithmetic, but they far surpass machines in 

processing complex information as brains deal 

better with few and/or uncertain data. Brains 

can perform both sequential and parallel 

processing (whereas computers can do only 

the former), and they outperform computers 

in decision-making on large, highly 

heterogeneous, and incomplete datasets and 

other challenging forms of processing.



https://en.m.wikipedia.org/wiki/Patrick_Aebischer



Artificial brains | neurons grown on chips

https://www.straitstimes.com/tech/brain-in-a-dish-learns-to-play-pong-and-offers-a-new-way-to-discover-drugs
Smirnova, Lena & Morales Pantoja, Itzy Erin & Hartung, Thomas. (2023). Organoid intelligence (OI) - The ultimate functionality of a brain microphysiological system. ALTEX. 40. 191-203. 10.14573/altex.2303261. 



https://www.nature.com/articles/d41586-023-00890-9



Tamil Selvan and Seeram Ramakrishna, Sustainability for Beginners, World Scientific Publishers; https://www.uschamberfoundation.org/circular-economy-toolbox/about-circularity/circularity-vs-sustainability 

https://buildingcircularity.org; https://wedocs.unep.org/20.500.11822/34184

History of Human Civilization denoted by Materials Age
For millennia, thousands of materials have been sourced | synthesized | developed and employed in the

service of humans. They are grouped to denote their historical significance, and to appreciate enabling

science and technological advances. Current circumstances of the world and advances in science and

technology set the stage for imagining future directions of materials, i.e. Intelligent Materials and

Sustainable | Low-carbon Materials.









Seeram Ramakrishna (2022) Celebrate poly-disciplinary minds, Drying Technology, DOI: 10.1080/07373937.2023.2158266

Many challenges and needs of 
human beings, which include 
climate change, extreme weather, 
biodiversity loss, food supply, 
nutrition, health care, security, 
urbanization, sanitation, clean 
water, clean energy, resources, 
shelter, transportation, and 
circular economy demand poly-
disciplinary efforts.

 Hence, poly-disciplinary minds 
and pursuits to be encouraged.
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Table 2 The main challenges before today’s scientists
High Income 

Countries
Middle Income 

Countries
Low Income Countries

Government Support Research is a priority of the 
governments, hence tend to 
change research priorities 

Research investment levels are 
below the global benchmarks

Governments do not invest in 
research

Industry | Corporate 
Support

Co-creation of innovations. 
Researchers pressured with 
short-term agendas

Wide gap between academia-
industry. Researchers mostly 
perform consultants role

Non-existent

Quantitative assessment 
of research

Over emphasis of bibliometrics (number of journal papers; impact factor (IF); citations; H-index;
patents: etc.) in research performance assessment is a source of stress for the researchers

Research funds Akin to pressure cooker. Low 
success rates of winning a 
grant causing researchers to 
spend enormous time in 
grantsmanship instead of 
doing research

Mindless bureaucracy in 
accessing and using research 
funds

Procedures are not well 
established

Research funds Securing sustained research funding over long research career i.e. 30 to 50 years is a very challenging 
task

Flow of research funds Skewed towards established 
groups and research themes

Skewed towards national labs, 
and applied | mission programs

Case by case and intermittent
(TBC)DOI 10.1080/07373937.2023.2205799



Table 2 The main challenges before today’s scientists
High Income 

Countries
Middle Income 

Countries
Low Income Countries

Research infrastructure Capitalist nature of access to 
research infrastructure

Only available in certain places, 
and access is time consuming

No | minimal research 
infrastructure

Research human capital Over supply, and hence 
downward pressure on the 
opportunities of researchers

Varied quality of research human 
capital thus affecting the global 
competitiveness of research

Inadequately trained | skilled 
human capital to rely on by the 
lead researcher

Interdisciplinary research Fewer opportunities and encouragement for conducting interdisciplinary | multidisciplinary research

Translation of research Researchers are expected to demonstrate impact via translation of their research into real world 
solutions.  However, their ecosystems lack resources | opportunities to do so

Collaboration Competition trumps 
cooperation

Competition trumps cooperation Minimal opportunities

Mentorship Researchers lack access to good mentors who can guide them to navigate complex research 
ecosystem. Research enterprise is dynamic with multitude of players | stakeholders

Career path Post-PhD career path is ill defined; fewer tenured | permanent positions; and lack structured 
opportunities for reskilling along the way.

Family aspects The choice of pursuing a strong career in research vs  prioritizing a family; Deciding on the best 
moment for establishing a family.

Meritocracy Meritocracy among researchers is often plagued with pedigree, race and gender (TBC)DOI 10.1080/07373937.2023.2205799



Table 2 The main challenges before today’s scientists
High Income 

Countries
Middle Income 

Countries
Low Income Countries

Pace of research Fast paced underpinned by 
technology disruptions, high 
density of researchers

Laggard

Publishing in high quality 
journals

Pressured to publish in high 
IF journals independent of 
their research areas

Often unable to pay high 
publication charges

Journal peer review process is 
stacked against the researchers 

Publishers Unscrupulous practices of peer review and publishing due to intense competition among the 
publishers.  This is exacerbated by the profit only minded publishers

Research ethics and 
integrity

Cut throat competition | monetary rewards | allure of fame affecting the ethics and integrity of 
researchers (black sheep!)

Mental stress Competitive research is demanding. Work-life balance is a challenge. Salary packages are not 
competitive. Mental stress and burnout among the researchers need due attention

Over regulations Research is often subjected to over regulations.  Religiosity is a factor in certain areas

Geopolitics | 
International funding

Lack of international research funding, and geopolitics | language barriers impeding the cross-border 
research cooperation and mobility of researchers.  

Commercialization of 
research enterprise

Commercial interests impeding sharing of knowledge, which is necessary for further advancement of 
scientific knowledge

DOI 10.1080/07373937.2023.2205799









https://www.ip-paris.fr/en/about/governance/members-international-scientific-advisory-board-isab



1. Find the next big funding...if the funding 
topic has changed, find how to connect 
one's topic with that

2. Find how to increase H-index and be 
relevant within the community.

3. Find the next good student who is 
committed to his/her work



Schwarz, H. On the usefulness of useless knowledge. Nat Rev Chem 1, 0001 (2017). https://doi.org/10.1038/s41570-016-0001







Auto-grouping encoded in the
DNA of living beings?!



Good | capable mentors to navigate the research enterprise over long career span 

Standing on the shoulders of giants

https://en.wikipedia.org/wiki/Standing_on_the_shoulders_of_giants





Summary
 Current time is dubbed as the most comfortable period in the history of humankind. The

median life spans of human beings are inching up around the world. Global population
passed the eight billion mark recently. Modernisation, education, and urbanisation are
ubiquitous around the world.

 We are witnessing increasing competition among the nations for influence, technologies,
and resources. Higher education institutions and their products in terms of graduates,
thought leadership, creative innovations, and diverse research outputs are increasingly the
focus of global competition.

 Social media | ubiquitous digital technologies shaping the current generation different
from the earlier generations.

 Humans are an integral part of nature. Our well-being is tied to the health of its species
and the natural functioning of its ecosystems.

 Addressing grand challenges such as climate change, extreme weathers, resources
depletion and lack of their equitable access, pollution, biodiversity loss, rising sea levels,
food shortages, water shortages, mental stress, human health effects, and growing
income, education and technology inequalities require sustained and creative
cooperation. Aforementioned developments compelled us to conceive the seventeen
United Nations sustainable development goals (SDGs), which are aimed at the well-being
of every person in every nation. Thoughtful and well-balanced competition as well as
cooperation augur well for the humankind as well as all other living beings on the one
and only planet Earth.

DOI 10.1080/07373937.2023.2205799



Jose, R., Ramakrishna, S. Humanity’s Top Ten Existential Concerns. Mater Circ Econ 4, 26 (2022). https://doi.org/10.1007/s42824-022-00068-0

Summary







https://unesdoc.unesco.org/ark:/48223/pf0000380519

 Major challenges require new approaches, or inter-
and transdisciplinarity across academic silos. Complex 

issues like the drivers and effects of climate change require 
insights from across various disciplines and all branches of 
sciences, and horizontal structures across scientific 
disciplines must be established.

 Universities need to open up to diverse ways of knowing. 
It is imperative that HEIs promote knowledge that 
comprises a diverse range of traditions, institutions and 
epistemologies to promote a truly global knowledge base 
for the SDGs, yet clearly not one that opposes rational 
thinking and scientific insights.

 Need for a more proactive presence of HEIs in society 
through partnerships. HEIs should aim not only to 
transform their own activities for addressing the SDGs, but 
also in relation to different sectors of society: the 
government, private sector and civil society as well as 
social organizations and communities. The role of 
universities and HEIs in this context will be even more 
important as lifelong learning becomes more prevalent.



| 2The world of research is becoming more competitive

• More researchers
+output growth

• Emerging research
nations
(China, India, 
Brazil)

• Economic • R&D budgets
development

• Faster pay-offs
• Accountability &

transparency

TrendsExpectations

Needs

 Identify strengths and shortcomings to inform research 
decisions  Accelerate collaboration  Secure more funding

 Retain and hire best-in-class researchers
Reference: International Comparative Performance of the UK Research Base 2013
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Reference  
Manager

Networking
Tool

Library

Document  
Manager

Research 
Information 

Management 
System to 
streamline 
research 

administration

Customized 
analysis, 

reports and 
services to 
meet your 
research 

management  
needs.

External view

Analytical tool 
to explore 
research 

performance 
globally

Internal view Custom 
analysis

Researcher  
productivityRich data 

assets

The largest 
abstract and 

citation 
database of 

peer-
reviewed 
literature; 
research.

Elsevier Research Intelligence portfolio

Aimed to improve your ability to Establish, Execute and Evaluate research strategy.
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What is SciVal?

Research

Performance

Management

Tool

Publications – Articles, conference 
proceedings, review articles, etc.

Productivity and “impact” as reflected by 
metrics and indicators

Informs decision-making about policy, CPIs, 
funding distribution, incentives, recruitment

Combination of metrics, various output 
methods, visualisation of results
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Different use cases

SciVal supports the needs of a broad range of institutional users by providing
ready-made, at-a-glance snapshots for flexible, institution-specific insight

Find moreusecasesonourwebsite:https://www.elsevier.com/research-intelligence/case-studies

Executive
Management

Research 
Administrators

Department  
Heads

Researchers

• Create management-level reports
• Accelerate collaboration
• Data to support and win large grants

• 360 degree Overview
• Identify institution’s strengths and short-comings

• Evaluate researchers
• Model-test scenarios

• Highlight achievements
• Expand networks
• Locate collaborators and mentors

https://www.elsevier.com/research-intelligence/case-studies
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Basket of Metrics

Productivity metrics
Scholarly Output
Outputs in Top Percentiles 
Publications in Top Journal 
Percentiles

Citation Impact metrics 
Citation Count
Citations per Publication 
Cited Publications
Number of Citing Countries
h-indices (h, g, m)
Field-Weighted Citation Impact

Collaboration metrics
Collaboration (geographical) 
Collaboration Impact (geographical) 
Academic-Corp Collaboration 
Academic-Corp Collaboration Impact

Disciplinary metrics 
Journal count
Journal category count

Views &
Patent-citations

Snowball Metric: www.snowballmetrics.com/met rics

Filter by: document type, subject limited, normalized, self-citation, 
absolute numbers vs percentages

http://www.snowballmetrics.com/metrics
http://www.snowballmetrics.com/metrics
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• Access to pre-defined 6300+ 
institutions, 250 countries and groups 
(i.e. EU28, US states, German 
Bundesländer, Russell group and 
more)

• Ability to create any desired grouping 
of entities, researcher groups or 
documents

SciVal pre-defines 6,300 institutions and 250 nations, and allow users to
group those institutions and entities on-demand.

Ready-to-use & Create your own

Predefined and customised entities

Institutions (+ groups)

Countries (+ groups)

ResearchAreas

• Search terms

• Entities

• Competencies

Researchers (+ groups)

Publication sets (+ groups)



https://predatoryreports.org/news/f/is-impact-factor-a-good-measure-of-quality-citation-manipulation?blogcategory=Impact+Factor



https://predatoryreports.org/news/f/web-of-science-de-listed-82-journal-including-15-from-hindawi



QS World University Rankings: Sustainability
Social Impact

• Equality 
• the proportion of female students, and female faculty, women in leadership
• the availability of public equality, diversity and inclusion policy, and disability 

support available.
• Quantity and quality of research in SDG5 (gender equality) and 10 (reduced 

inequalities)

• Knowledge exchange 
• commitment to knowledge transfer in collaboration with less-economically-

supported institutions, 
• inclination to partner with other institutions and organizations. 
• partnership with industry 

• Impact of education 
• research into SDG 4 (quality education),
• alumni impact in education and academic reputation in relevant social subjects, 

and 
• how free students and academics are in pursuing their research without 

censorship.   

• Employability and opportunities 
• gives each university an employer reputation score and an employment outcomes 

score, based on how prepared students are for successful careers. 
• research into SDG8 (decent work and economic growth), and SDG16 (peace, 

justice and strong institutions), 
• rate of unemployment within the country they’re based in.  

• Quality of life 
• commitment to wellbeing within and outside of the university
• research activity into SDG1, 2, 3, 6 - quality of life, health options on campus and 

air quality in the region, for example.

• In 2022, the QS World 
University Ranking 
introduced its first 
sustainability rankings.  

• The QS World University 
Rankings: Sustainability 
provides students with a 
unique lens on which 
institutions are 
demonstrating a 
commitment to a more 
sustainable existence. 

• The Ranking has two 
categories: 
Environmental Impact 
and Social Impact. Each 
of these categories is 
worth 50%, which is then 
combined.

Environmental Impact
• Sustainable institutions 

• whether a university holds membership in officially 
recognized climate action or sustainability groups, 

• has a publicly available sustainability strategy, 
procurement / investment policies, and energy 
emissions report,

• alumni impact in promoting sustainability in corporate 
sector

• has student societies focused on environmental 
sustainability, and 

• a published commitment to becoming NetZero.  

• Sustainable education 
• academic reputation within earth, marine and 

environmental sciences courses, 
• alumni impact in sustainability in non-corporate sectors 

– NGOs, think-tanks etc.,
• availability of courses that embed climate science 

and/or sustainability within the curriculum. 
• if a university has a research centre dedicated to 

environmental sustainability   

• Sustainable research 
• assesses the university’s research activity around the 

United Nation’s Sustainable Development Goals and 
• Quantity of research and citations, and quality of 

journals published
• SDG7 (affordable energy), 9 (sustainable 

infrastructure), 11 (safe human settlements), 12 
(responsible consumption), 13 (climate action), 
14 (life below water), 15 (life on land)

• whether the government is funding research and 
development in this area. 



Social Impact

Environmental Impact

QS World University Rankings: Sustainability



Times Higher Education (THE) Impact Rankings

• The Times Higher 
Education Impact 
Rankings assess 
universities against 
the United Nations’ 
Sustainable 
Development Goals 
(SDGs). 

• It provides 
comparison across 
four broad areas: 
research, 
stewardship, 
outreach and 
teaching.

• The 2022 Impact 
Rankings is the 
fourth edition and 
the overall ranking 
includes 1,406 
universities from 106 
countries/regions

Definitions of areas

Research: the most obvious and traditional way 
that a university might help to deliver the SDGs is 
by creating research in relevant topics.

Stewardship: universities are custodians of 
significant resources; not just physical resources, 
but also their employees, faculty and students. 
How they act as stewards is one of the key factors 
in delivering the SDGs.

Outreach: place is critical in higher education, and 
the work that universities do with their local, 
regional, national and international communities is 
another key way that they can have an impact on 
sustainability.

Teaching: teaching plays a critical role, both in 
ensuring that there are enough skilled practitioners 
to deliver on the SDGs, and in making sure that all 
alumni take forward the key lessons of 
sustainability into their future careers.

SDGs included in ranking

The ranking takes into account all 17 SDGs. 

Universities can submit data on as many of these 
SDGs as they are able. Each SDG has a series of 
metrics that are used to evaluate the performance 
of the university on that SDG. 

Any university that provides data on SDG 17 and at 
least three other SDGs is included in the overall 
ranking.



• How is the ranking created?

• A university’s final score in the overall table is 
calculated by combining its score in SDG 17 with 
its top three scores out of the remaining 16 
SDGs.

• SDG 17 accounts for 22 per cent of the overall 
score, while the other SDGs each carry a weight 
of 26 per cent. 

• This means that different universities are scored 
based on a different set of SDGs, depending on 
their focus.

• The score from each SDG is scaled so that the 
highest score in each SDG in the overall 
calculation is 100 and the lowest score is 0.

• Scoring within an SDG

• There are three categories of metrics within each 
SDG:

• Research metrics are derived from data supplied 
by Elsevier.

• Continuous metrics measure contributions to 
impact that vary continually across a range – for 
example, the number of graduates with a health-
related degree.

• Time frame

Times Higher Education (THE) Impact Rankings
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