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Abstract

The Indian Institutes of Technology (IITs) are vital to India’s research ecosystem, advancing
technology and engineering for industrial and societal benefits. This study reviews the research
performance of top I1Ts—Bombay, Delhi, Madras, Kharagpur, and Kanpur based on Scopus indexed
publications (1952-2024). Research output has grown exponentially, supported by increased funding
and collaborations. 1IT-Kanpur excels in research impact, while 1IT-Bombay and 1IT-Madras are
highly productive but show slightly lower per-paper impact. Internationally, 11Ts collaborate robustly
with the USA, Germany, and the UK, alongside Asian nations like Japan

and South Korea, with IIT-Madras leading inter-1IT partnerships. Research priorities align with SDG
3 (Health), SDG 7 (Clean Energy), and SDG 11 (Sustainable Cities). Despite strengths in fields like
energy, fluid dynamics, and materials science, challenges persist, including limited collaboration with
newer IITs and gaps in emerging fields. Strengthening specialization and partnerships is crucial for
addressing global challenges and advancing sustainable development.

Introduction

India, as an emerging global power, has recognized the importance of research and
is making concerted efforts to strengthen its academic and scientific ecosystem.
Government initiatives such as increased funding for higher education, the
establishment of research-centric policies, and global collaborations reflect this
commitment (Raaj, 2024).

Research not only advances scientific understanding but also delivers tangible
benefits to society, such as sustainable energy solutions, improved healthcare, and
technological innovations. In addition, impactful research promotes economic
development by creating industries, generating employment and addressing pressing
social issues such as poverty, inequality, and climate change (Saini and Chaudhary,
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2020). The ability to translate academic insights into real-world applications directly
improves the well-being of communities and strengthens the global standing of the
nation (Jalal, 2020).

India’s premier institutes, the Indian Institutes of Technology (IIT), have been
consistently at the forefront of cutting-edge research. These institutions are known
for their contributions to diverse fields such as artificial intelligence, clean energy,
biotechnology, and advanced manufacturing (Ghosh, 2021). 1ITs have not only
produced groundbreaking research, but have also cultivated an innovation ecosystem
that has led to startups, patents, and technology transfer (Nair, Guldiken, Fainshmidt
and Pezeshkan, 2015). In Indian education, 11Ts symbolize excellence in education
and research, often being considered centers of intellectual and technological
prowess.

Research conducted by 1ITs creates a ripple effect on innovation, driving
comprehensive growth by seamlessly connecting academic exploration with
industrial applications. From designing affordable healthcare solutions for
underserved communities to pioneering green technologies that address
environmental issues, IIT research exemplifies how academia can contribute
significantly to society’s welfare and national development (Chatterjee and
Sahasranamam, 2014). As India aspires to become a global leader in science and
technology, the role of IITs in the advancement of impactful research and the
promotion of innovation remains critical, contributing not only to the country’s
economic growth, but also to its social transformation (Cheah, 2016).

Literature Review

Indian Institutes of Technology (11Ts) have consistently been recognized as leaders
in innovation, research, and academic excellence. The study by Chaurasia and
Chavan (2014) provides an insightful evaluation of the productivity of research and
the impact of IIT Delhi over a decade. The study concludes that IIT Delhi’s research
during this period demonstrated significant growth, with increasing contributions to
science and technology. Collaboration and interdisciplinary research emerged as key
strengths that enhanced the institution’s academic reputation, with an emphasis on
international partnerships to boost research impact.

The bibliometric study by Awasthi and Sukula (2020) highlighted the key role of
IITs in India’s scientific growth and global research, emphasizing quality and highly
cited and influential publications. The study by Siddaiah, Gupta, Dhawan and Gupta
(2016) analyzes the research output and the impact of the citation of eight newly
established 11Ts during 2010-2014. Although relatively new, these 1ITs
demonstrated an increase in research productivity, focusing on engineering, physics,
and materials science. Collaborative efforts, especially with established 11Ts and
international partners, greatly improved the impact of citations and the visibility of
research. The study highlights the competitive quality of research from these
institutions and recommends strengthening research infrastructure and
collaborations to further their contributions to the scientific landscape of India.
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Pradhan and Sahu (2018) conducted a bibliometric analysis of IIT research
publications indexed in Scopus, highlighting trends in productivity, citation impact,
and collaborative patterns. The study reveals a significant growth in the publication
output, with engineering and technology leading the research domains. International
collaborations and high-impact publications underscore the global relevance of IIT
research. Ramesh and Pradhan (2017) conducted a scientometric analysis of
engineering research at II'T Madras and IIT Bombay from 2006 to 2015. The study
also reports a constant growth in research output, higher shares of engineering
disciplines, and a high citation impact. Both institutes had wide international
collaborations, which gave high relevance and visibility to their research output. The
authors underline the strategic partnership and funding as main drivers for sustaining
research excellence.

Unique contributions of every individual 1T in research must be studied in depth,
while understanding their strengths and weaknesses, their standing in terms of global
competitiveness, and their national priority linkages. It also fosters accountability
and informs policy decisions related to funding, collaborations, and resource
allocation. II'T Bombay has been a leader in database systems and data management
research since the 1980s, contributing significantly to information retrieval and data
mining (Chakrabarti, Ramakrishnan, Ramamritham, Sarawagi and Sudarshan,
2013). The IIT Bombay Developmental Informatics Lab focuses on leveraging ICT
(Information and Communication Technology) to improve access to information in
rural India, addressing critical needs such as agriculture and tribal education
(Bahuman, Bahuman, Baru, Duttagupta and Ramamritham, 2007). Hasan and Singh
(2015) provide a scientometric analysis of the research output of the leading IITs
over five years. The research output of the five best performing I1Ts accounted for
9. 32% of the total Indian research output, with a maximum of 22 27% articles
indexed in 2013. Das, Mandal, Rath and Das (2022) have studied that 11T Hyderabad
(26%), with an increase in open-access publications, is the top research institute in
India for open-access journals. Ghosh (2021) conducted a bibliometric analysis of
research productivity in physics, chemistry, and mathematics at 11T Kharagpur from
2001 to 2020. The study highlights significant growth in publication output, with
physics leading in productivity and impact of citations. Collaborative research, both
national and international, played a key role in enhancing research visibility and
impact. The findings underscore the importance of interdisciplinary collaboration
and sustained support for research in fundamental sciences. Bhui and Sahu (2018)
conducted a bibliometric study of publications by faculty members in the
Department of Humanities and Social Sciences of IIT Kharagpur. The analysis
highlights the research output trends, with a focus on journal articles and conference
papers. The study reveals increasing interdisciplinary research and moderate citation
impact, emphasizing the growing contribution of HSS to IIT Kharagpur’s academic
landscape.

Similarly, other higher education institutes such as IISER, NIT, etc. were also
analyzed in terms of their performance. Solanki, Uddin and Singh (2016) evaluated
the research competitiveness of IISERs through publications and citations,
highlighting their rapid growth and notable contributions in chemistry, physics, and
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biology despite their status as relatively young institutions. (Bala and Kumari, 2013)
analyze the research performance of the National Institutes of Technology (NITs) of
India from 2001 to 2010 using bibliometric methods. The study underscores the
consistent growth in research output, with engineering and technology leading the
publication domains. Collaborative efforts, both nationally and internationally, have
markedly improved the impact of their work.

[1Ts collectively exhibit significant research contributions in Computer Science, with
robust bibliometric indicators such as citation rates and h-index scores, reflecting
their global impact (Singh and Singh, 2019; Arif and Badshah, 2015). Krishna and
Chandra (2009); Chandra and Krishna (2010) examined the role of 11Ts in fostering
university-industry collaborations and cultivating an entrepreneurial culture, thus
improving India’s innovation ecosystem (Prathap, 2018) compared the impact of I[I'T
research with leading global institutions in engineering. Boshoff and de Jong (2020)
analyzed the social impact of research by presenting it through results, outcomes,
and larger societal benefits. They highlight that such research drives progress in
public health, education, and economic development while promoting behavioral
changes and improving quality of life.

In line with the 17 SDGs of the United Nations, the research output of 11Ts has
contributed substantially to the tackling of critical global challenges, including
healthcare, clean energy, sustainable cities and climate action. These institutions play
a central role in the advancement of knowledge, the driving force of technological
innovation, and the implementation of sustainable solutions to meet the demands of
national and global sustainability agendas Priyadarshini and Abhilash (2020); Singh,
Kanaujia, Singh et al. (2022).

Research Gap

Although numerous studies have examined the research productivity and impact of
I1Ts, key aspects are still not adequately explored. Previous literature has
predominantly focused on overall productivity, citation metrics, and thematic
strengths, often overlooking nuanced areas such as the role of interdisciplinary
collaborations, the impact of newer IITs, and the alignment of research with
emerging global challenges. Furthermore, there is limited exploration of the
contribution of 11Ts to the achievement of sustainable Development Goals (SDGS).

Unlike previous studies that focus on short-term productivity, this study examines
seven decades of research output, capturing historical growth trajectories and
transformative periods. Our findings also highlight the gaps in collaborative
networks, showing limited partnerships between older and newer 11Ts. By aligning
[T research contributions with SDGs, the study provides information on their role
in addressing global challenges along with their international partners. These
contributions offer a deeper understanding of 11T research while addressing critical
literature gaps, guiding strategies for enhanced collaboration, emerging trends, and
social impact.

Research Objectives

e Analyze the growth trajectory of research publications in the five holder I1Ts
(Bombay, Delhi, Madras, Kharagpur and Kanpur) from 1952 to 2024.
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e To examine productivity trends and measure citation impacts of publications
for each IIT.

e ldentify patterns of inter-1IT and international collaborations and their impact
on research outcomes.

e Uncover unique research themes and interdisciplinary approaches among the
ITs.

e Evaluate the contribution of 1T research to the achievement of the SDGs.

Methodology

Data for the Indian Institutes of Technology (IIT) collaboration analysis were
sourced from Scopus, a leading database for peer-reviewed academic literature. The
query was constructed using unique Scopus affiliation IDs for 1IT-Bombay (11T-B),
[1T-Delhi (11T-D), IT-Madras (I1T-M), 1IT-Kharagpur (IIT-KGP) and 11 T-Kanpur
(IIT-K) to specifically capture publications authored by researchers affiliated with
these institutions. The search was further refined to include only three types of
documents, articles, reviews, and conference papers, as these represent the core
academic outputs that reflect substantial research contributions. The query was
executed in September 2024, ensuring that the dataset contained the most recent
publications available at the time. The resulting dataset included metadata such as
publication titles, authors, affiliations, collaboration details, publication years,
document types, etc. Figure 1 demonstrates the data downloading and filtering
process.

Scopus Query: Affiliation ID
IIT-B, IT-D, IIT-M, lIT-KGP AND IIT-K

|

Total Papers = 256,301

Filtered on Doc Type: Article,
Review, and Conference
Papers

Accepted Rejected
94.8% 5.2%

Final Paper Count= 243,177

Figure 1. Data downloading and filtering flowchart.

Table 1 provides a data description of research publications from five 11 Ts. Details
the year of establishment, affiliation 1D, the total number of papers published, the
filtered papers, and the percentage of papers accepted and discarded. IIT-KGP
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(1951), the oldest institute among the five listed IITs, and 1IT-D (1961) is the
youngest among five. Publishing in open-access journals often requires article
processing charges (APCs), which may not be fully covered by institutional funding,
leading to lower open-access publication percentages. Table 2 shows data on the
number of research papers published by various 11Ts and their accessibility. Across
all institutes, a smaller percentage of papers (around 10-12%) are open access
compared to non-open access, suggesting that most research output is not freely
accessible. For 1IT-B, open-access papers have a higher citation rate than non open-
access papers, suggesting that they might be reaching a broader audience or have
higher visibility. In general, non-open-access papers have slightly higher citation
rates than open-access papers, possibly because they are published in journals with
established academic readerships.

Table 1. Data description.

Estb|Affiliation Total |Filtered 26 %
Year] 1D |PapergPapers|AcceptedDiscarded

Institute Name Abbv.

Indian Institute of

I1T-B [1958|60014153| 50257 | 47785 | 95.08 4.92
Technology-Bombay

Indian Institute of
Technology-Delhi
Indian Institute of IIT-M|1950| 60025757 | 52386 | 50027 | 95.50 | 4.50
Technology-Madras

Indian Institute of HT-
Technology-Kharagpur KGP

Indian Institute of IIT-K |1959| 60021988| 40703 | 38585 | 94.80 | 5.20
Technology-Kanpur

I1T-D |1961|60032730|56775| 53548 | 94.32 5.68

1951/60004750(56180 | 53232 | 94.75 5.25

Table 2. Distribution of open access and no open access publications of top 5 HITs.

Institute| Total Open Access No Open Access

Papers|Paper|%Paper| Total | Paper- |Paper| 26 | Total | Paper-
Count| Count [Citations| Citation|Count|Paper|CitationsCitation
Ratio Ratio
11T-B | 47785 | 6200 | 12.98 | 133807 | 21.58 |41585|87.02| 732458 | 17.61
11'T-D | 53548 | 5898 | 11.01 | 115373 | 19.57 |47650 [88.99| 947281 | 19.88
1IT-M | 50027 | 5926 | 11.85 | 98505 16.63 | 44101 |88.15| 756223 | 17.14
1T- 53232 | 5499 | 10.33 | 109076 | 19.83 |47733|89.67| 973355 | 20.39
KGP
11 T-K |38585| 4035 | 10.46 | 70731 17.53 | 34550 |89.54| 741105 | 21.45

Table 3 presents data on the distribution of academic papers from five 11Ts. The data
is divided into three categories: Articles, Reviews, and Conference Papers. Articles
form the majority of publications in all institutes, contributing approximately 70—
77% of the total articles. Reviews constitute a much smaller fraction, around 2—3%
of the total papers. Conference Papers make up a significant portion, about 20—27%,
depending on the institute. 1IT-D leads with 55,348 total published papers, and 11T-
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K has the lowest total, at 38,585. IIT-KGP and I1T-M are close in total papers, with
IIT-KGP (53,232) slightly ahead of 11T-M (50,027). 11T-B ranks fourth with 47,785
total papers. While all 11Ts show strong research output, I1T-KGP excels in terms of
overall research impact (citations), particularly in articles and reviews. 1IT-D and
I1'T-M show balanced contributions across all categories, while I1T-B demonstrates
a strong focus on impactful conference papers. 1IT-K, although it has published
fewer papers, maintained a steady presence and had potential for growth in impact.

Table 3. Distribution of papers as per document type: article, review, and conference
paper.

Institute | Total Article Review Conference Paper

Papers|Paper oPaper| Total |Paper| % | Total |Paper| %% | Total

Count| Count |Citations|Count |Paper |Citations|Count|Paper |Citations
IIT-B | 47785 | 33474 | 70.05 | 718661 | 1224 | 2.56 | 71349 |13087|27.39 | 76255
IIT-D | 53548 | 39316 | 73.42 | 874685 | 1748 | 3.27 | 107347 | 12484 | 23.31 | 80622
IIT-M | 50027 | 36904 | 73.77 | 735398 | 1102 | 2.2 | 61304 [12021]|24.03 | 58026
HT- 53232 | 41017 | 77.05 | 930932 | 1452 | 2.73 | 89064 |10763|20.22 | 62435
KGP
1IT-K | 38585 |29353| 76.07 | 696738 | 881 | 2.28 | 58597 | 8351 | 21.65| 56141

In addition, IIT-KGP has the highest overall citation-to-paper ratio (22.04), driven
by its strong performance in articles and reviews. The citation-to-paper ratio provides
an indicator of the average impact of each paper, measuring how frequently each
paper is cited. The citation-to-paper ratio highlights 1IT-KGP as the leader in
research impact, particularly in articles and reviews, while 11T-D excel in reviews
and conference papers.

Results and Discussion

Publication trend analysis

Figure 2 shows the long-term growth trajectory of research outputs from major IITs.
This demonstrates the yearly trend in the number of research papers published by
five 1ITs from 1952 to 2024. IIT-KGP led in research output initially, as it was
established earlier (in 1951). Other IITs, such as IIT-B and 1IT-D, show a slower
start in research publications, likely due to being established later. All 11Ts show
steady growth in research output, moving from dozens

to hundreds of papers per year. 1IT-KGP maintained a leading position during this
period, but other 11Ts began to close the gap. By the late 1980s and early 1990s, IIT-
B and IIT-M had established themselves as competitive research institutions,
reaching publication levels similar to 1IT-KGP. This period marks a consistent
increase across all 11Ts, reflecting their expanding research focus and resources.
There is a notable increase in the number of publications across all 11Ts, especially
from 2000 onward, indicating a surge in research activity. By 2008, the publication
output for each IIT reaches more than 1000 papers per year, reflecting enhanced
research funding, resources, and collaborative projects. The logarithmic scale
emphasizes how each IIT has grown from publishing a handful of papers annually
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to publishing thousands, marking a substantial rise in their global research
contributions.

| —— IIT-M
IIT-K
IIT-B
IIT-KGP
IIT-D
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Figure 2. Year-wise publication trends of top 5 ITT’s: Madras, Delhi, Bombay,
Kharagpur, and Kanpur.

Figure 3 gives a comparative view of research growth in major 11Ts over the decades.
This shows the trend in the percentage of research papers published by five 11Ts from
1951 to 2024. From 1951 to around 2000, the number of papers published by each
1T remained relatively low and showed only a slight increase. This period reflects
the early growth stage of research publications in these institutions. In the 2001-
2010 decade, the publication percentages for each IIT began to increase more
noticeably, indicating a growth in research output. This decade shows a sharp
increase in the number of published papers, with the five 11Ts reaching their highest
publication percentages around 2011-2020. IIT-B, in particular, reached the highest
percentage of around 45%, leading the group.
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Figure 3. Decade-wise publication trends of top 5 ITT’s.

In addition, Table 4 provides a decade-wise distribution of the total number of
publications and total citations for the five IITs in the top five from 1951 to 2024.

1344



Each row represents a decade, showing both the number of published papers (Total
Papers) and the cumulative number of times, these papers were cited (Total
Citations). All 11Ts show a marked increase in both publications and citations over
time, with particularly rapid growth in the 21st century. IIT-B and IIT-M have
become leaders in both publications and citations, especially in the last two decades.
However, 11Ts such as 1IT-K and 11T-D, despite lower publication counts, have
higher citation-to-publication ratios, indicating impactful and highly regarded
research. Although 1IT-KGP initially led both in publications and citations, 11T-B,
[1T-M, and IIT-D have caught up and, in some cases, surpassed I1T-KGP in recent
decades, highlighting the dynamic nature of research productivity across IITs. This
suggests that, although 11T-K publishes fewer papers compared to some other IITs,
its research is highly influential. 11T-KGP follows closely with a ratio of 20.33,
showing strong influence and a significant number of citations per paper. IIT-D has
a ratio of 19.85, indicating impactful research, slightly lower than I1T-K and IIT-
KGP. I1T-B and I1T-M have relatively lower ratios, at 18.13 and 17.09 respectively.
Although they have high total citations and publication numbers, their average
citations per paper are slightly lower than those of 1IT-K, IIT-KGP, and 11T-D.
Figure 4 shows the word clouds from five different 11Ts. Each word cloud represents
prominent research themes at each institution, with the size of each word indicating
its relative prominence. All 1ITs share interests in computational methods,
optimization, and materials science, each institute has unique specializations that
reflect its strengths and research priorities. 11T-B has a balanced focus on materials
science (photoluminescence and microstructure) and computational methods
(machine learning and optimization), with additional interest in environmental
themes like climate change. IIT-D emphasizes energy (Solar Energy, Power
Quality), sustainability, and materials science, along with advanced computational
methods. 1IT-M shows strong interest in fluid dynamics (CFD), materials
(microstructure), and computational techniques (Finite Element Method,
Optimization). 1IT-KGP has a diverse range of themes, but places emphasis on
adsorption processes, mechanical properties, and machine learning. 11T-K focuses
on corrosion, mechanical properties, and materials science, with a significant
presence of computational methods such as finite element analysis. Das (2002)
revealed that I1T-Delhi has been actively researching and developing low-emission
hydrogen powered engines for nearly two decades, with significant advancements in
performance, emission and combustion characteristics.
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Table 4. Decade-wise distribution of number of publications and total citations for

five IIT’s.

Decade 1HT-B 1HT-D HHT-M IHHT-KGP 1HT-K
Total| Total |Total| Total |Total| Total |Total| Total |Total| Total
Papers/Citations|PapersiCitations|Papers/CitationsPapers/Citations|Papers/Citations

1951-60 4 126 0 0 4 0 93 915 1 33

1961-70| 158 1788 | 307 1811 234 1509 | 424 | 3713 601 | 10558

1971-80| 838 9382 | 1636 | 16961 | 1324 | 13513 | 902 | 8960 | 1696 | 31879

1981-90| 1872 | 22801 | 3580 | 56129 | 2551 | 28480 | 2226 | 30658 | 2244 | 31866

1991- 3509 | 89725 | 4309 | 94486 | 4528 | 96939 | 4177 | 85433 | 3524 | 97981

388(1)-10 8438 | 242567 | 9733 | 321868 | 8849 | 249262 |10841| 358269 | 7954 | 294720

2011-20| 21740 | 438399 | 20856 | 477319 | 21089 | 403278 |22624| 508498 | 14616 | 299083

2021-24| 11226 | 61477 |13127| 94080 | 11448 | 61747 |11945| 85985 | 7949 | 45356

Total | 47785 | 866265 | 53548 | 1062654 | 50027 | 854728 |53232|1082431|38585 | 811476
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Figure 4. Thematic analysis of research produced by all 11Ts.
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Inter-11T collaboration

Figure 5 displays the collaboration counts between five 1ITs - Bombay, Delhi,
Madras, Kharagpur and Kanpur and other I1Ts. Each bar plot represents the number
of collaborations between a specific IIT and other 1ITs, sorted in descending order.
Across the five 1ITs (Bombay, Delhi, Madras, Kharagpur, and Kanpur),
collaborations are strongest with each other (the older 1ITs). IIT Bombay, Kanpur,
and Delhi frequently appear as top collaborators in different 11Ts. 1ITs Roorkee and
Guwabhati also have significant collaborations, particularly with Delhi, Madras, and
Kharagpur, but tend to have fewer collaborations with newer IITs. HITs like
Gandhinagar, Ropar, Jodhpur, and Mandi generally have fewer collaboration counts,
indicating fewer interactions with the more established I1Ts.
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Figure 5. Collaboration of top 5 11Ts with other 11Ts.

IIT-Bombay has its strongest collaborative relationships with 1T Kanpur, Madras,
and Delhi, indicating a concentration of joint research or projects with these
institutions. 11T-Delhi has its highest collaboration with II'T Roorkee, suggesting
strong ties. Its collaborations are relatively well distributed among other major 11Ts,
with lower interaction with newer or smaller IITs. IIT-Madras has strong
collaborative links with 11T Bombay, Guwahati, and Kharagpur. There is less
collaboration with newer 11Ts like Ropar and Indore. 11T-Kharagpur collaborates
most frequently with 11T Kanpur, Delhi, and Bombay, showing a strong connection
with the older IITs. ITs like Gandhinagar and Jodhpur have relatively fewer
collaborations with Kharagpur. 11T Kanpur has its highest collaboration with 11T
Bombay, which shows a strong link. The lower collaboration counts with newer 1ITs,
like Mandi and Ropar, indicate a preference for working with the established 11Ts.
Overall, this analysis shows a pattern in which older and more established I1Ts
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(Bombay, Delhi, Kanpur, Kharagpur and Madras) tend to collaborate more with each
other, probably due to historical relationships, larger research output and available
resources. Collaborations with newer 1ITs are generally lower, which could be due
to geographical distance, newer research programs, or differing research focuses.

Authors team size analysis

Teams of two authors make a significant contribution, with 11T-M (35. 18%) and
IT-K (32. 57%) being the highest contributors. IIT-D (29.98%) and IIT-KGP
(29.9%) are close, while 11T-B has the smallest percentage for this category (28.5%).
The team comprising 3-5 authors is the most dominant category, with percentages
exceeding 50% for all 1ITs. IIT-D leads with 55.51%, followed by I1T-M (50.85%)
and 1T-KGP (54.15%). This suggests that most academic papers in these 11Ts are
written collaboratively by mid-sized teams. Extremely large teams (100 authors)
contribute a negligible percentage in all I1Ts, with values not exceeding 1%. IIT-B
(0.96%) contributes the most in this category, followed by IT-M (0.67%). In
general, 11T-B appears to have the most diverse team size distribution.

Authorship position distribution

In research, it is often assumed that the first author plays a leading role in the research
and writing process (Persson, 2001; Zbar and Frank, 2011). Figure 6 shows the
distribution of contributions of authors in different authorship positions (e.g. single
author, first author, middle author, last author) in five 11Ts. The largest contribution
across all institutes is made by first authors and middle authors consistently
contribute a moderate percentage (around 15% to 17%

across institutes). The contribution of the Last Authors is relatively consistent across
institutes, hovering around 9% to 10%. The single authored paper contributed by all
I1Ts is a small proportion with values in the range of approximately 3% to 6%.
Overall, the distribution of author positions highlights the hierarchical nature of
academic contributions in these institutions, where the first authors play the most
significant role.
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Figure 6. Distribution of papers based on authorship position.
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Top authors as per publications

Prof. B.P. Singh from I1T-D has the highest number of publications among all top
researchers followed by B. K. Panigrahi from 11T-D, also. Top two authors from I1T-
B and IIT-D are from Electrical Engineering, 11T-M and IIT-K are from Chemistry
and Electrical Engineering, respectively, and IIT-KGP from Mechanical
Engineering and Materials Science & Engineering.

Country collaboration

Figure 7 shows the bar charts of international collaboration counts between five 1ITs
and other top collaborating countries. Each bar graph highlights the number of
collaborative research publications between each IIT and different countries, sorted
by the most frequent collaborators. The USA is a major collaborator, significantly
more than other countries, which suggests that 11 T-Bombay has a strong relationship
with American institutions. Europe also has a strong presence, especially Germany
and the UK. IIT-Delhi also has strong collaborations with the USA, UK, and
Germany, although the volume with the USA is less than that of 1IT-Bombay. The
collaborations are similarly diverse, covering a wide range of countries in Europe,
North America, and Asia. I1T-Madras has a strong link with the USA, and Germany,
but there is also considerable collaboration with Japan and China, which may
indicate research areas where collaboration with Asian countries is important. Unlike
other 11Ts, IIT-Kharagpur has a strong preference for collaboration with the USA.
The distribution is slightly less diverse, with fewer collaborations in East Asian
countries compared to other IITs like I1T-Madras. 1IT-Kanpur shows a similar
pattern, with the USA as the primary collaborator, followed by Germany and the UK.
East Asian countries have lower collaboration counts, which may indicate a focus on
collaborations with North American and European countries.
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Overall, the USA is the top collaborator for all 11Ts, with counts significantly higher
than those for other countries, showing a strong reliance on American research
institutions and funding sources for collaborative projects. Germany and the UK
consistently appear among the top three collaborators for each IIT, suggesting a
strong relationship with European institutions. Australia, Japan, and China are
important collaborators, particularly for 11T-Bombay, 11T-Madras, and 11 T-Delhi,
indicating their participation in diverse international research networks.
Collaborations with countries such as South Korea, Italy, and Russia vary between
[1Ts, with some showing relatively low counts, especially 11T Kanpur and IIT-
Kharagpur. Each 11T shows some variation in its international collaboration patterns,
but the overall trend emphasizes North American and European partnerships, with
emerging collaborations in Asia. This pattern may reflect differences in research
funding, faculty exchanges, and focus areas across IITs.

Proportion of authorship position in top 3 countries

Figure 8 represents a comparison of authorship position top five I1Ts with their top
three collaborating countries: the USA, the UK, and Germany. Each bar is further
categorized into three authorship positions: First, Middle, and Last. In the USA, 11T-
KGP and 11T-K leads in the first authorship position and 11T-B and IIT-D in second
authorship position. The last authorship position consistently has the lowest
contribution. In the UK, 1IT-B has the highest percentage of the middle category,
and I1T-K leads in the first authorship position, while the last category remains
minimal, with 1IT-B at just 6.99%. In Germany, IIT-KGP dominates the first
authorship position and 11T-B leads the second authorship position. Overall, with
USA collaboration, first authorship position dominates, with UK and Germany its
mix of both first and middle authorship position, and the last authorship position is
lowest with all country collaboration.
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Figure 8. Distribution of authorship position for top three country collaborators.
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Collaboration in different regions and continents

Figure 9 shows the distribution of research output across continents that shows
consistent patterns among the five 11Ts, with Europe dominating collaborations. I1T-
B shows the highest collaboration with Europe at 48.7%, followed by I1T-M (40.
6%), IIT-K (37. 4%), IIT-D (37%) and 1IT-KGP (37%). North America plays a
secondary role in collaborations, contributing around 24-30% for most IITs, with
[1T-K and 11T-D showing slightly higher engagement. Asia

emerges as the third significant collaborator, with 11T-M (27.1%) and 11 T-D (23.8%)
exhibiting the highest partnerships in this region. Australia, Africa, and South
America collectively account for smaller percentages, typically less than 5% each,
reflecting existing but limited partnerships in these regions. IIT-B and 1IT-M show
slightly stronger collaborations with South America and Australia compared to the
other 1ITs. This comparative analysis highlights Europe and North America as
dominant contributors to IITs’ research networks while pointing to potential growth
opportunities in Asia and emerging collaborations in underrepresented regions like
Africa and South America.
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Figure 9. Research output distribution by continent across 5 I1Ts.

Funding analysis

Funding is essential for academic and scientific growth, especially in research-
intensive institutions such as I1Ts. Funding drives research growth by enabling
advanced infrastructure, attracting talent, supporting innovation, fostering
collaborations, and improving research quality. It benefits society by addressing
critical issues and boosts institutional reputation, creating a cycle of improvement
and impact. Table 5 shows results on the research output supported by various
prominent funding bodies across five 11Ts). The table provides the number of papers
funded by each organization at each 11T and the total number of citations received
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by the papers funded by each organization at each IIT. Each IIT has different levels
of support from various funding agencies, reflecting their specific research focuses.
DST India and IIT internal funding are the most prominent funding sources, with the
highest research output and

impact across all 1ITs. IT-KGP shows strong collaboration with NSF, leading to
high impact, while other 11Ts vary in NSF-supported research. Funding bodies like
CSIR, SERB, and UGC provide broad and consistent support across IITs, while
bodies like MEITY and DRDO have smaller impacts.

Table 5. List of prominent funding bodies in India.

Funding 1HT-B 1HT-D HT-M HT-KGP 1HT-K
Bodies #Papers| TC #HPapers) TC #Papers) TC #Papers| TC #Papers| TC
DST 2851 |43262| 3084 |49121| 2885 |47621| 2688 |50037| 2163 |45432
::!?Ia 1223 |15077| 751 |12140| 1400 |15492| 1244 |21622| 1663 |22909
CSIR 1080 |20475| 1259 |32985| 721 |12909| 1182 |31431| 682 |14472
NSF 745 |45618| 394 |15319| 602 |[25161| 296 | 9689 | 370 | 9792
SERB 735 | 7196 | 761 |8971| 606 |5867| 761 |[10233| 721 | 7366
DBT 383 | 6127 | 538 [11993| 294 |4270| 342 |[14573| 151 | 3006
DST 340 | 7595 | 388 [10366| 357 |9037| 306 |10573| 368 |11258
Kerala

UGC 324 | 3598 | 539 |9099| 258 |[3383| 144 | 4128 | 152 | 2183
MoE 222 1575 264 1540 247 1105 | 431 2930 91 498
MHRD 219 4575 225 5827 204 3937 567 | 14682 | 141 42042
MNRE 204 | 4250 69 2668 35 1489 | 52 1796 41 1058
ISRO 172 | 1893 31 221 68 867 132 | 2486 | 120 | 2163
DAE 166 | 2096 73 1032 | 102 | 1913 | 142 | 3348 | 125 | 1988
MEITy 144 672 97 1048 86 422 94 426 104 545
DRDO 107 1371 216 3062 235 4915 187 3704 100 2571

SDGs contribution

Research on SDGs is essential because it addresses global challenges such as
poverty, inequality, and climate change by providing evidence-based solutions and
driving innovation for sustainability. It informs policies, fosters interdisciplinary
collaboration, and helps monitor progress toward these goals. By guiding resource
allocation and creating resilience and equality strategies, SDG research ensures a
sustainable future for all (Sachs, Schmidt-Traub, Mazzucato, Messner, Nakicenovic
and Rockstrom, 2019; Assembly, 2015). Table 6 provides data on the research output
of five Indian Institutes of Technology (IIT), specifically analyzing the extent to
which their articles are mapped to the Sustainable Development Goals (SDGSs). IIT-
D and IIT-KGP perform better in aligning their research output with SDGs compared
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to other IITs. IIT-K lags behind in SDG mapping, with the lowest percentage of
mapped papers. Across all 11Ts, the average percentage of papers mapped to SDGs
is approximately 35%, indicating a significant gap in research alignment with SDGs.
While the 11Ts are contributing significantly to research, there is substantial room for
improvement in mapping their output to SDGs. Encouraging more research
initiatives focused on sustainability could enhance alignment with global
development goals.

Table 6. SDG count as per each I1T. The values colored in green highlighting the
major contributions. Darker the color higher the contribution and vice versa.

Mapped with SDG
HT Total Papers Yes No

Count in % Count in %
HT-B 47783 16781 35.12 31002 64.88
HT-D 53547 21305 39.79 32242 60.21
HT-M 50025 16138 32.26 33887 67.74
HT-KGP 53232 19834 37.26 33398 62.74
HT-K 38584 10984 28.47 27600 71.53
Total 243171 85042 34.97 158129 65.03

Table 7 provides a detailed breakdown of the contributions of five 1ITs to the 17
SDGs based on the number and percentage of research papers associated with each
goal. I1Ts collectively focus heavily on SDG 3 (Good Health and Well-being), SDG
7 (Affordable and Clean Energy) and SDG 11 (Sustainable Cities and Communities).
I1T-M leads in health-related research with 18. 63% of its articles aligned with SDG
3, while I1'T-D excels in energy research, contributing 23. 85% of its articles to SDG
7. Urban sustainability (SDG 11) is a shared focus in all 11Ts, with contributions
averaging around 13%. In contrast, there is minimal focus on SDG 1 (No Poverty),
SDG 5 (Gender Equality), and SDG 16 (Peace, Justice and Strong Institutions), with
each receiving less than 1% contribution in all ITs. IIT-D shows strength in
responsible consumption (SDG 12), IIT-KGP leads in water-related research (SDGs
6 and 14), and IIT-K stands out in food security (SDG 2). Despite significant
contributions to key SDGs, IITs have opportunities to expand their focus on social
and institutional goals such as eradicating poverty, gender equality, and building
peace. The main themes reported by each IIT in SDG 3 and SDG 7 are shown in
figure 10.
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Table 7. Contribution to SDG goals by five I1Ts.

SDG 1HT-B 1HT-D 1HT-M IHT-KGP 1HT-K
Goal |Count| 2% |Count| % |Count| % |Count| 26 |Count| 26
1 166 | 0.64 | 186 | 055 | 141 | 059 | 183 | 0.56 73 0.45
2 3135 | 12.05 | 3339 9.8 2606 | 10.9 | 3707 | 11.27 | 2122 | 13.1
3 4601 | 17.68 | 5240 | 15.37 | 4453 | 18.63 | 5327 | 16.19 | 2985 | 18.42
4 589 2.26 463 1.36 441 1.85 587 1.78 303 1.87
5 108 | 0.42 | 155 | 0.45 | 165 | 0.69 | 196 0.6 116 | 0.72
6 1567 | 6.02 | 1763 | 5.17 | 1377 | 5.76 | 2398 | 7.29 903 5.57
7 4474 | 17.19 | 8127 | 23.85 4339 | 18.15 | 5029 | 15.29 | 2824 | 17.43
8 1197 4.6 1507 | 4.42 | 1140 | 4.77 | 1481 4.5 770 4.75
9 503 | 1.93 | 528 | 155 | 413 | 1.73 | 530 | 1.61 | 300 | 1.85
10 291 1.12 440 1.29 352 1.47 443 1.35 226 1.39
11 | 3251 | 12.49 | 4530 | 13.29 | 3137 |13.12 | 4309 | 13.1 | 2156 | 13.31
12 | 1966 | 7.56 | 3391 | 9.95 | 1968 | 8.23 | 2857 | 8.68 | 1252 | 7.73
13 1300 5 1498 4.4 924 3.87 | 1568 | 4.77 554 3.42
14 1167 | 4.49 | 1085 | 3.18 | 1469 | 6.15 | 1870 | 5.68 784 4.84
15 | 1338 | 5.14 | 1235 | 3.62 | 686 | 2.87 | 1805 | 5.49 | 594 | 3.67
16 95 0.37 | 190 | 056 | 105 | 0.44 | 194 | 059 | 107 | 0.66
17 272 1.05 405 1.19 185 0.77 412 1.25 132 0.81
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Figure 10. SDG 3 and 7 word cloud.
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Country Collaboration: SDG 3 and SDG 7

Figure 11 represents the collaboration counts of five 11Ts with the top three countries
collaborators for two SDGs: SDG 3 (Good Health and Well-being) and SDG 7
(Affordable and Clean Energy). In SDG 3 (Figure 11(left)) shows the highest
collaboration counts in all 1ITs, with 11T-D and IIT-B having particularly strong
contributions. UK emerges as the second most significant collaborator for 11T-B, 11T-
D, and IIT-K, while Germany is the second most significant collaborator for 11T-M
and 1IT-KGP. For SDG 7 (Figure 11 (right)), the USA continues its dominance as
the main collaborator of all IITs, with 1IT-B and 1IT-D making substantial
contributions. The second and third positions vary by 1T, reflecting differences in
regional engagement. This diversity underscores the global nature of SDG-aligned
research conducted by the 11Ts. Across both SDGs, the USA holds the first position
for all 11Ts, underlining its role as the most significant research partner.
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Figure 11. Country Collaboration: SDG 3 and SDG 7.
Conclusion

The Indian Institutes of Technology (IITs) have become the pillars of India’s
research ecosystem, consistently making significant contributions to global science
and technology. Their exponential growth in research productivity over the decades
reflects the increasing emphasis on quality, funding, and strategic collaborations.
I1T-Kanpur, T Kharagpur, and I1T-Delhi have established themselves as leaders in
both productivity and impact, while 1IT-Bombay and IIT-Madras continue to
showcase their dominance in niche areas such as optical materials and fluid
dynamics.

Collaborations, particularly with western countries and Asian partners, have
significantly increased the global reach and impact of IIT research on the citation.
Interdisciplinary approaches integrating computational methods with traditional
engineering and sciences highlight the innovative spirit of these institutions. The
USA, UK, and Germany are the most frequent collaborators with 11Ts, underlining
their global research connections. Regional collaborators such as Canada, Australia,
and South Korea also play significant roles, albeit with specific 11Ts and research
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domains. This reflects the global and goal-specific nature of IITs’ international
research collaborations.

Collaboration among I1Ts shows a strong preference for partnerships between older
and more established institutions (Bombay, Delhi, Kanpur, Kharagpur, and Madras),
likely due to historical ties, increased research capacity, and resource availability. To
foster stronger collaboration with newer IITs, older 1ITs can initiate joint research
projects focusing on shared interests such as clean energy, healthcare, and emerging
technologies. Resource sharing, including access to advanced laboratories and
computational tools, can enable newer IITs to engage in high-impact research.
Faculty exchange programs and mentoring initiatives can strengthen the research
capabilities of newer IITs, while joint centers of excellence can unite the strengths
of both groups to address national and global challenges.

[1Ts collectively contribute significantly to the global goals of the SDGs, particularly
in health, energy, and urban development. However, there is a noticeable lack of
focus on social and institutional goals such as poverty eradication, gender equality,
and peacebuilding, which presents opportunities for more diversified research in the
future.

Limitations

Although the study provides valuable information on research trends and the impact
of I1Ts, certain limitations must be recognized to contextualize its findings. First, the
study relies on Scopus-indexed publications, potentially overlooking impactful
research published in other indexed databases like WoS, Dimension, and nonindexed
or regional journals. Second, only the top five IITs are analyzed, which may not
capture the contributions of newer 11Ts or specific regional variations. Third, the
study primarily emphasizes international collaborations and inter-11T collaboration
and may underrepresent domestic or industry-academic partnerships.

Future Scope

e A longitudinal analysis of academia-industry linkages at individual 11Ts could
provide deeper insights into evolving collaboration patterns.

e Applying Social Network Analysis (SNA) could offer a more nuanced
understanding of collaboration structures beyond descriptive methods.

e Future research could involve mapping research outputs of 11Ts to particular
SDGs, followed by a comprehensive literature review and adoption of
established methodological frameworks used in quantitative SDG-alignment
studies.
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Appendix

Table 8. List of all 11Ts with Scopus affiliation code and abbreviated name.

Code |Abbreviation 11 Ts
60032730 11T D Indian Institute of Technology, Delhi
60014153 11T B Indian Institute of Technology, Bombay
60004750 11T KGP _|Indian Institute of Technology, Kharagpur
60021988 11T K Indian Institute of Technology, Kanpur
60025757 11T M Indian Institute of Technology, Madras
60031818 IIT R Indian Institute of Technology, Roorkee
60010126 11T G Indian Institute of Technology, Guwahati
60104350 (11T | Indian Institute of Technology, Indore
60103917 11T H Indian Institute of Technology, Hyderabad
60104339 [IIT BBS  |Indian Institute of Technology, Bhubaneshwar
60104342 11T P Indian Institute of Technology, Patna
60104343 |11 T J Indian Institute of Technology, Jodhpur
60104341 |IIT GN Indian Institute of Technology, Gandhinagar
60104340 |1IT Indian Institute of Technology, Mandi
MANDI
60103918 |I1'T RPR |Indian Institute of Technology, Ropar
60019106 (11T V Indian Institute of Technology (Banaras Hindu University),
\Varanasi
60109702 |11 T JU Indian Institute of Technology, Jammu
60109689 |11 T PD Indian Institute of Technology, Palakkad
60109690 11T T Indian Institute of Technology, Tirupati
60114558 11T GA Indian Institute of Technology, Goa
60114557 11T BI Indian Institute of Technology, Bhilai
60114348 |I1'T DHD |Indian Institute of Technology, Dharwad
60008898 |I1'T DBD |Indian Institute of Technology (Indian School of Mines),
Dhanbad
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Table 9. List

of prominent India funding bodies and abbreviation and full name.

Funding Body|

Agency Name

DST India |Department of Science and Technology, Ministry of Science and
Technology

1T Indian Institute of Technology

CSIR Council of Scientific and Industrial Research

NSF National Science Foundation

SERB Science and Engineering Research Board

DBT Department of Biotechnology, Ministry of Science and Technology

DST Kerala |Department of Science and Technology, Government of Kerala

uUGcC University Grants Commission

MoE Ministry of Education

MHRD Ministry of Human Resource Development

MNRE Ministry of New and Renewable Energy

ISRO Indian Space Research Organisation

DAE Department of Atomic Energy, Government of

MEITy Ministry of Electronics and Information Technology

DRDO Defence Research and Development Organisation
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