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Abstract 

The concept of “world-class university” has been there for some time, and everyone wants a world-class 

university, and no country feels it can do without one. This battle to develop world-class universities lies not only 

in the gained status but also in the symbolic role of such universities. Universities exist mainly for research and 

dissemination of knowledge, which have become critical drivers of economic growth. For this reason, 

world-class research universities are recognized as central institutions in the 21st century economies. This 

recognition comes with pressure for universities to rethink their research activities and with the need to raise 

their research status to that of internationally accepted world-class universities. However, in order to attain the 

world-class research status, there is a need to sustain the efforts being put in place at both national and university 

levels. This study analyzed university data over nine years, from 2008 to 2016. It examined how Nanjing 

Agricultural University has strived to sustain its efforts towards attaining world-class research status. The results 

reveal that consistency and sustainability have resulted in excellence in research and increased research 

production. The conclusion is that the sustainability of the efforts significantly increases research production and 

excellence. 
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1. Introduction 

Sustainability of universities has not been adequately addressed, especially within the domains of strategic 

perspectives (Hussain et al., 2019). This complex problem of university sustainability implies a big challenge for 

countries and educators to implement important strategies regarding developing world-class research universities 

(Z. Liu, Moshi, & Awuor, 2019). Studies focusing on actual sustainability of policies at national and institutional 

levels are rare, as most focus on how to create world-class universities and how to deal with challenges facing 

the creation of world-class universities (Tierney, 2014). Few details regarding the sustainability or the process of 

transformation in Chinese universities have been explored. This study therefore, endeavours to fill this void by 

gathering a unique dataset that provides detailed information on research support and outcomes in Nanjing 

Agricultural University, one of the most research-intensive higher education institutions in China and which is 

funded and supervised by China‟s Ministry of Education. In addition to our unique data and research context, 

this study contributes to the literature on research funding and production in a number of important ways. 

The concept of “world-class university” has been there for some time, and as observed by P. Altbach (2003), 

everyone wants a world-class university, and no country feels it can do without one. As such, various 

governments, as well as various stakeholders across the globe, have placed the issue of World-class universities 

high on their agenda in the past few decades (W. Liu, 2018; Z. Liu, Moshi, & Awuor, 2019; Shen, 2015). Both 

developed and developing countries, regions and higher education institutions in different parts of the world 

have joined this battle for excellence (Q. Wang, Cheng, & Liu, 2012).  

The term world-class research university has been defined by different scholars referring to various aspects of 

merit in higher education research. Common themes include: excellence in research, an intellectually stimulating 

environment, dynamic knowledge and technology transfer, and adequate facilities and funding (P. G. Altbach & 

Salmi, 2011; Yang & Welch, 2012). Among the many existing definitions within the field of higher education, 

we focus on the definition by P. Altbach (2003). He argued that „„world-class‟‟ means ranking among the 
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foremost in the world; of international standard of excellence. He then points out some relevant characteristics 

necessary for world-class status: excellence in research, that is well-recognized and that pushes back the frontiers 

of knowledge; an atmosphere of intellectual excitement; adequate funding; and good governance.  

Universities exist mainly for research and dissemination of knowledge. According to Czarniewski (2015), 

research generates new knowledge that is the fundamental source of most innovation and creativity, which in 

turn becomes a critical driver of economic growth (Branigan, Harvie, Michalas, and Ramezani Khansari (2016). 

For this reason, World-class research universities are considered central institutions in the 21st century economies 

(P. G. Altbach & Salmi, 2011). The growth of these economies is increasingly based on research-based 

knowledge (Mintrom, 2008; Salem, 2014). As a result, research universities in their roles as knowledge 

producers are increasingly recognized to have a pivotal role to play in supporting regional economic 

development (Rossi & Rosli, 2015). This recognition comes with pressure for universities to rethink their 

research activities (Mintrom, 2008), and with the need to raise their research status to that of internationally 

accepted world-class universities (Tayeb, 2016).  

For universities to achieve this milestone, one factor agreed upon by scholars is the consistency and 

sustainability of efforts put in place by both governments and universities. Z. Liu et al. (2019) Point out that the 

path for world-class universities is not something that can be fixed overnight. To achieve success as world-class 

universities, research and teaching need to be sustained and given room to innovate through faculty and 

programs. There is a need for the sustainability of efforts, which is crucial in ensuring that these efforts become 

even more cost-effective and fruitful. Governments and universities throughout the world have significantly 

implemented various policies, huge projects and substantial initiatives to the governance, function, missions, and 

performance improvement of universities for world-class research status. Z. Liu et al. (2019), for instance, notes 

that the rise of Universities in China, Singapore and Belgium to world-class universities is attributed to the 

sustainability of their efforts towards excellence. During the past eight years, these countries have stimulated and 

constantly supported their domestic universities to achieve world-class status. Japan, in contrast, has experienced 

a drop in world ranking which according to Z. Liu et al. (2019) are due to inconsistency, whereby the financial 

crisis has prevented additional funding expected for making significant progress on the university research 

activities. 

The battle to create world-class universities has its roots not just in financial motives, the gained status, or the 

strategic advantage in both quality and quantity (Marginson, 2017), but also in the symbolic role of such 

universities (Bejinaru & Prelipcean, 2017). Cremonini, Westerheijden, Benneworth, and Dauncey (2014) noted 

that countries that felt underrepresented in the world-class university rankings have strived to create special 

approaches to raise national performance rankings.  

1.1 Research Objective 

To gather an overview of the performance of Nanjing Agricultural University, a research-intensive university in 

China along the following key indicators: adequate funding, excellence in research (publications, awards), 

internationalization (research collaboration), and knowledge transfer (conferences, patents).  

1.2 Justification of the Study 

1. The study will form a basis for the university to assess its achievements towards world-class university status. 

2. The study will inform the university on its strong and weak areas and therefore help in devising new strategies 

in the battle for world-class research university status. 

3. The study is expected to provide a kind of benchmark for other universities striving to gain world-class status 

in research. 

4. The study may also serve as a basis for further studies. 

2. Literature Review 

2.1 Important Considerations Related To World-class Research University Status 

The concept of “world-class” has been greatly debated over, especially with regard to what constitutes a 

world-class university or world-class research university. According to Z. Liu et al. (2019), while the goal of a 

world-class university is clear, the definition of world-class status is not. This is partly because these terms come 

from diverse perspectives and different dimensions (Huang, 2015). It is an abstract concept that has different 

characteristics depending on the context and objective of various universities. Tierney (2014) contends that a 

world-class research university should have a culture of innovation in their organizations. With respect to 

characteristics of world-class university, it is emphasized that they include four key aspects: adequate funding, 
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excellence in research (publications, awards), internationalization (research collaboration), and knowledge 

transfer (conferences, patents) (P. Altbach, 2003; P. G. Altbach & Salmi, 2011; Tsai, 2017; Yang & Welch, 2012).  

2.1.1 Funding 

Research funding has been cited as the most important element in higher education and highly-impact academic 

research (Reddy, Xie, & Tang, 2016). L. Zhang, Bao, and Sun (2016) have reported that most studies on research 

production have shown that research production is a function of various financial resources. Financial resources, 

for example, research expenditures, are directly related to research activities and thus an obvious factor affecting 

research production. Research expenditures are also used to predict future research capacity of universities, 

which according to B. Zhao (2018), affect the economic growth and competitiveness of universities and their 

host communities and states. (L. Zhang et al., 2016) therefore find that adequate and consistent research funding 

will lead to a consistent research output. 

2.1.2 Excellence in Research 

2.1.2.1 Publications 

The importance of research publications lies in the fact that „publish or perish‟ has been a much-cherished 

tradition of academia across all disciplines and national contexts (Tan & Goh, 2014). The strengthening of this 

tradition has become more crucial following the emergence of the knowledge-based economy, which relies on 

research and knowledge production (Tan & Goh, 2014). Publications are now significant as measures of research 

output in a university. Research publications are efficient for assessing research production in a direct way. The 

number of publications is usually used in the literature to indicate the overall pool of current expertise in an 

institution and for operationalizing and quantifying research output (L. Zhang et al., 2016). 

Further, publications are not only significant as indicators of research output, but also as channels of knowledge 

and technology transfer, which is crucial in the knowledge-based economies of the 21st century. Publications are 

effective in ensuring that the contribution to knowledge is widely disseminated (Asongu & Nwachukwu, 2018). 

Also, marketing the contribution of knowledge to businesses and third parties is much easier, and the transfer of 

technology is more likely if the quality of the research has been recognized by peers through a peer-review 

process and published (Asongu & Nwachukwu, 2018).  

In recent years, in addition to what scientists publish, where they publish has increasingly begun to matter. 

Journals are now ranked according to their impact factor, which is the average citations in a given year acquired 

by all articles published in the journal over the two previous years (Stern & O‟Shea, 2019). Journal impact factor, 

the bibliometric indicator that is most widely used in the evaluation of scientists, is used by funders and 

employers to make funding and employment decisions (Stern & O‟Shea, 2019). Thus, researchers publishing in 

high impact factor journals tends to receive more recognition as scholars and hence gain a competitive advantage 

in faculty positions. Also, in world university rankings, universities with more publications in the highly ranked 

journals have higher chances of being ranked top.  

However, most publication is still disseminated using a process inaugurated in the 17th century, with the 

noteworthy addition of peer review in the middle of the 20th century (Stern & O‟Shea, 2019). It starts with 

authors submitting an article to the journal they choose, where editorial selection and peer review conclude in an 

editorial thumbs-up or thumbs-down decision (Stern & O‟Shea, 2019). This determines if the article is accepted 

for publication or rejected. It is a long slow process that often delays research publication. It hurts science 

because research that is not published is equivalent to research that is not done, at least from the viewpoint of the 

broader scientific community and the public (Stern & O‟Shea, 2019). 

2.1.2.2 Awards 

Awards are indicators of excellence and research talent, whereby the recipients are selected on a merit-based 

process. Awards convey appreciation and recognition on the part of colleagues and the public. Thus, academics 

are very fond of awards, ranging from a multitude of “best paper awards” to the highly esteemed Nobel Prizes 

(Frey & Neckermann, 2008). A high number of awards in a faculty or university signifies high research 

participation among academics. 

Further, awards are not only indicators of excellence among faculty, but also function to motivate researchers to 

perform excellently. In a study done by Tan and Goh (2014), awards in the form of monetary reward incentive 

schemes introduced in the USM became a major driving force that spurs the number of publications among USM 

academic staff. The adherents of awards as incentives tend to assume that recognition through receiving awards 

is an important source of motivation (Frey & Neckermann, 2008).  
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Further, awards are significant to universities since they generate loyalty to the awarding university. Awards 

show recognition and appreciation of academics, thereby raising intrinsic motivation to do research and generate 

loyalty to the awarding institution (Frey & Neckermann, 2008). Therefore, awards as a strategy of rising to 

world-class status are important for research universities. 

2.1.3 Knowledge Transfer 

Knowledge transfer is defined by Asongu and Nwachukwu (2018) as the transfer of intellectual property rights 

from the knowledge contributor to a third party, usually a government institution or a business entity. While 

student enrolment and degree production may be viewed as primary functions in many universities, knowledge 

transfer is emphasized (Leslie, Slaughter, Taylor, & Zhang, 2012). Knowledge transfer, according to Kalar and 

Antoncic (2015), occurs through a wide range of activities, whereby some of these activities are more formal 

than others. More formal activities are based on intellectual property rights as the main outcomes of universities 

such as patents, and other less formal activities such as academic conferences. Both patents and academic 

conferences are important and have been shown to provide an important economic and social value for both 

academics and industry partners. Thus, knowledge transfer is now a recognized important aspect and indicator 

for world university rankings. 

2.1.3.1 Patents 

According to Dillon (2009), Patents are documents that are awarded for the creation, discovery, or improvement 

of new processes. Apart from functioning to grant inventors the exclusive right to own their inventions (Choi, 

Jang, Jun, & Park, 2015), patents are also a symbol of new, useful information that is not obvious to a person 

with ordinary knowledge in the subject area. They are the main parts of the sustainability of technological 

developments and knowledge interactions in the current age (Ileritürk & Kincal, 2018). They are indicators of 

the exploitation of research results (Hayden, Weiß, Pechriggl, & Wutti, 2018). Governments grant patents to 

encourage scientific research and to ensure that the results of this research become part of the public record 

(Dillon, 2009). 

Patents as indicators are important as they not only indicate the innovation intensity of a university, but also 

measure its research output (Chellaraj, Maskus, & Mattoo, 2005; Kalanje, 2006). The production of patents, 

however, is hugely dependent on the actions and services of higher education institutions (Ileritürk & Kincal, 

2018). For instance, adequate research funding will affect research production (innovations), which in turn 

affects the number of patents produced.  

2.1.3.2 Academic Conferences 

Academic conferences are sites of globalization of academia, technological innovation, and change, and are 

representative of the overall picture of higher education (Henderson, 2015). Hickson (2006) holds that 

conferences provide a forum to observe notable scholars debate with authority about topics important to their 

discipline. Over time, such presentations stimulate lectures, articles, special issues of journals, and even entire 

books. Also, sitting in and listening to other‟s presentations has the added contagion effect of creating excitement 

and enthusiasm about doing research (Hickson, 2006). 

Further, conferences are important channels of knowledge transfer. They are intense cases of information and 

social linking, where academics interact with one another not only when presenting, but also before, during, and 

after the conference (Brusilovsky, Oh, López, Parra, & Jeng, 2017; Nicolson, 2016). These interactions enrich 

professional knowledge and facilitate knowledge exchange between peers, industry, and community members. 

The place of conferences in science and academia is thus established and recognized.  

In world university rankings, conferences as channels of knowledge transfer are therefore significant. The rate of 

participation of a university in academic conferences is an indicator of not only its contribution by generating 

information worth sharing but also its commitment to technology and knowledge transfer. The place of academic 

conferences in science and academia is established and is thus an important element to maintain in a university. 

2.1.4 Internationalization 

Internationalization is a way of developing world-class universities, whereby multifaceted and multidimensional 

processes of integrating international, intercultural, and global content and dimensions into higher education 

research are encouraged (Ota, 2018; Schulte, 2019). International collaboration allows scientists and researchers 

from different countries to work together with leading experts elsewhere for the production of higher quality 

research (Veugelers, 2017). In a recent study, Reddy et al. (2016) describe the advantages that come about as a 

result of collaborations. There will be an exchange of ideas among faculty members who participate in the 

collaboration. This allows local faculty members both to share their thoughts and experiences and to improve 
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their research skills in specific domains. The local faculty participants, in extension, can pass those new research 

skills and dimensions to their colleagues and students. Thus, universities gain new techniques not only in 

research but also in teaching and course development. 

In addition, collaborations not only bring about knowledge sharing but also co-funding. According to Reddy et al. 

(2016), research grants can be shared among the participant universities. Thus, sustaining the culture of research 

collaboration is important for any university to rise to world-class status. 

2.2 Sustainability and Higher Education 

Scholars agree that change does not take place overnight. Thus, the sustainability of efforts put in place to 

promote research universities into world-class status is crucial and long-term. Sustainability is a term that 

inherently evokes a concept of preservation and nurturing over time (Toman, 1992). It is the inherent stability of 

a social organization and its components (Sverdrup & Svensson, 2002). According to the Cambridge Dictionary, 

it is the quality of being able to continue over a period of time (Dictionary, n.d.). For economists, sustainability is 

the maintenance and improvement of standards (Toman, 1992). All these definitions point to the preservation and 

nurturing over time. Sustainability of efforts in developing world-class universities could, therefore, refer to the 

stability, nurture and consistency of these efforts over time.  

Higher education and sustainability can be related to one another in two ways. On the one side, universities are 

places that are supposed to teach about sustainability; on the other, universities can themselves become targets of 

sustainability. The perspective of universities as teaching sites for sustainability is based on the assumed 

correlation between education, sustainability, and economic growth, whereby economies can only grow if there 

is continuous higher education. The perspective of the sustainability of university components is based on 

consistency and nurturing that must take place in the university. Sustainability of university components is in 

areas such as academic research funding, collaboration outside the university, and internationally and higher 

education management. 

2.3 World Class University: the Case of China 

2.3.1 Policy Framework 

The Chinese government, just like its counterparts in the rest of the world, has stated its goal to develop and 

sustain a university education system of international stature with a number of research universities (Q. H. Wang, 

Wang, & Liu, 2011). The government has developed both national and institutional policies and strategies to 

stimulate the emergence of world-class universities and particularly to build world-class research universities 

(Huang, 2015). Since China conducted a reform of higher education with the clear goal of building world-class 

universities, the country has made significant efforts to sustain these reforms. 

Creating and sustaining world-class universities is a national strategy devised and guided by the top 

policymakers (Luo, 2013). The central government of China thus plays a dominant role in this initiative (Ngok & 

Guo, 2008). The central government has increasingly given higher priority to advancing the higher education 

system, seeing it as serving a dominant role in the modernization process and also in economic development (H. 

Zhang, Patton, & Kenney, 2013). More recently, beyond these economic benefits, having world-class universities 

has symbolic importance as China strives to assert its status as a global leader. China well understands that in 

this global knowledge economy, world-class research universities are central players in the international 

marketplace of ideas and capacities. Thus, believing that first-class universities increasingly reflect a nation‟s 

overall power, the Chinese government is now committed to strategically promoting a group of Chinese 

universities with the potential to enter the world-class league within a decade and is heavily investing in them 

(Yang & Welch, 2012).  

In 2015, the Central Party Committee and the State Council in China announced the „„Double World-Class 

Project‟‟, which aims to promote and push forward the world-class initiative and the first-class discipline 

construction (Peters & Besley, 2018). Song (2018) further notes that this was the first time a systematic plan for 

world-class universities had been introduced into higher education and also the first time a clear timetable 

regarding when the goal might be achieved was given. This plan aims to promote a batch of high-level 

universities and disciplines to enter the world‟s top ranks and raise the level of innovation in scientific research 

(Peters & Besley, 2018). Although this systematic plan for world-class universities is more recent, creating 

world-class universities has been the dream and pursuit of several generations of China (W. Liu, 2018). The 

overall development of China‟s higher education sector had taken place over the years through the 

implementation of 211 Project and subsequent 985Project (Peters & Besley, 2018). These projects aimed to 

create a number of famous research universities and to enhance the international reputation of Chinese 
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universities (Song, 2018). Proposed by the State Council in 1991-1993 and officially launched in 1995, the 211 

Project is one of the earliest conscious government efforts at raising the research standards of around 100 key 

universities for the twenty-first century (Zong & Zhang, 2019). Under the 211 Project, from 1996 to 2000, more 

than 10 billion yuan extra money was invested in 99 universities (Ngok & Guo, 2008). 

2.3.2 Government Strategy 

2.3.2.1 Overall Plan 

There are three milestones in the plan to promote a batch of high-level universities and disciplines to enter the 

world‟s top ranks: by 2020: to develop a number of world-class universities and a group of world-class 

disciplines; by 2030: to have more universities and disciplines among the best in the world and to have 

significant improvement in China‟s overall higher education strength; by 2050: the number and quality of 

world-class universities and disciplines to be among the best in the world, so that China will have become a 

higher education power (Peters & Besley, 2018). This new strategy, apart from just promoting universities and 

selected disciplines to world-class status, also has a more national needs-driven goal. According to Huang (2017), 

the plan aims to actively construct and support disciplines with Chinese characteristics, style, and spirit such as 

Chinese medicine and culture. Towards the realization of the above, Project 985, was launched in 1999 and 

directly pointed at the goal of universities becoming world-class (Song, 2018). H. Zhang et al. (2013) notes that 

in percentage terms, the 985 Project is a crucial component of one of the biggest sustained increases of 

investment in university research in human history. This plan shortlisted 39 universities from 211 Project with 

the plan of concentrating resources on a batch of flagship universities that were best placed in China to realize 

world-class ambitions (Zong & Zhang, 2019). In the more recent “Double World-Class Project” replacing the 

“985 Project” and the “211 Project”, some 42 universities have been selected to be developed into world-class 

universities and another 95 into universities with world-class disciplines (L. Zhao, 2018). 

2.3.3 Funding 

According to Veugelers (2017), Chinese investment in research and development has risen steadily, surpassing 

that of other economic giants, the United States, and the European Union. This rise is not an accident but a result 

of long-sustained strategies to develop China‟s research infrastructure (Veugelers & Baltensperger, 2019). 

Between 2000 and 2015, China more than doubled its national expenditures on research and development from 

0.9% of its GDP to 2.1%, thus almost reaching the OECD average of 2.4% (Schulte, 2019).  

At present, there are 112 key universities in total supported by the 211 Project, and more than 17 billion RMB 

yuan (equivalent to £1.7 billion) has since then been spent on the 211 Project universities (Zong & Zhang, 2019).  

2.3.4 Achievements 

As a result of various strategies the country has put in place, China has made significant improvements in 

research production. The country is now the second-largest performer of research and development, on a country 

basis, and accounts for 20 percent of total world research and development (Pang, 2018). China has also been 

ranked as a top country in terms of patent applications and registered patents. In a study of 202 Programme for 

International Student Assessment (PISA) participant countries in patent productions, China boasts of 7.6% of 

patent families (Ileritürk & Kincal, 2018). L. Zhang et al. (2016) further observe a rise of 8.35% annual rate in 

research production between 2000 and 2010 in a study done on 72 Chinese universities. In a more recent analysis 

by the Scopus database of international scientific journals, China‟s proportion of articles jumped from 4 percent 

in 2000 to 18.6 percent in 2016, topping the US total (Xie & Freeman, 2019). Further, China has increased its 

efforts in other areas, such as in internationalization. Veugelers (2017) observes that China is becoming a more 

important partner for the west for scientific cooperation. 

In terms of global rankings, China has seen a steady rise at major global world universities rankings systems 

such as the Shanghai Jiao Tong ARWU (Academic Ranking of World-Class University), which was created by 

China‟s Shanghai Jiaotong University, the Times Higher Education and QS. According to (Huang, 2015), the 

total number of Chinese universities that were listed among the top 500 in 2004 at the ARWU was only eight, 

and it had increased to 28 by 2013. This number rose even higher to 58 in the most recent 2019 ranking. There is 

not only an increase in numbers of Chinese universities among the top 500 but also a growth in numbers of 

Chinese universities that were listed among top 201-300 and 151-200. More progress is noted from the increased 

number of Chinese universities ranked among top 200 in recent years. For example, in 2004 there was no 

Chinese university standing at the top 200; however, by 2013 its number had expanded to five (Huang, 2015) 

and even further to 17 in 2019. 
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3. Method 

3.1 Subject Selection 

Building on a history of over 110 years, Nanjing Agricultural University (NAU) is a pioneer of modern 

agricultural education, research, and extension work and the first institution in China to offer four-year bachelor 

programs in agricultural disciplines as well. The university has more than 2,700 faculty and staff members and 

over 25,500 full-time students. Among its faculty and staff are more than 27 people who either have been 

recruited through China‟s Recruitment Program of Global Experts or have been honored with the National 

Science Fund for Distinguished Young Scholars (Nanjing Agricultural University, 2013). It is also home to seven 

national research platforms, including the State Key Laboratory of Crop Genetics and Germplasm Enhancement. 

According to the results of the 4th National First-level Discipline Evaluation announced by the Ministry of 

Education in December 2017, seven academic disciplines offered at NAU were graded in the A category, ranking 

NAU 11th among Chinese universities nationwide. NAU also proposed to set up a World Agriculture Prize for 

outstanding contributions to research and innovation in agriculture and life sciences, which was officially 

established by the Global Confederation of Higher Education Association for the Agricultural and Life Sciences 

(GCHERA) on October 28th, 2012. In addition, the most recent analysis of research citations by Thomson 

Reuters Essential Science Indicators found NAU among the top 1% of institutions in the fields of Environment 

and Ecology, Biology and Biochemistry, Engineering, Microbiology, Molecular Biology and Genetics, and 

Chemistry and among the top 1‰ of institutions in the fields of Agricultural Sciences and Plant and Animal 

Sciences. In the 2018 QS World University Rankings, NAU further jumped to the 47th in Forestry and 

Agriculture, which is the first time for NAU to be ranked among the top 50. Besides, NAU is ranked number 9 in 

the Best Global Universities for Agricultural Sciences rankings, according to the U.S. News and World Report 

2019 (U.S. News and World Report, 2019).  

Nanjing Agricultural University is also chosen because it holds a unique position in the Chinese higher education 

system. China, in the past 40 years has risen rapidly, not only to the fastest-growing major economy but also to 

the world‟s largest agricultural economy. According to Lohmar, Gale Jr, Tuan, and Hansen (2009), agricultural 

reforms had a fundamental role in China‟s economic resurgence. Agricultural universities in China, as 

institutions of innovation and cultivation of top talents in agriculture science, had a very central role in this 

process. NAU, in particular, thanks to the efforts and economic and social benefits it has created, it has 

repeatedly been honored a national model in contributing to the national strategy of revitalizing agriculture 

through science and education. NAU was therefore selected as a 211 Project, one of the top 100 universities in 

China that the government has prioritized for research funding, discipline construction, and administrative 

supervision. 

In 2014, NAU was listed among the first pilot universities under China‟s Excellent Agricultural and Forestry 

Talent Education and Training Program and later selected as a Chinese Ministry of Education double world-class 

project university, with double first-class status in certain disciplines such as in crop science and other 

agricultural courses (Nanjing Agricultural University, 2013).  

As an agricultural research university aiming to achieve world-class status (Liu, Kipchumba, & Liu, 2016), NAU 

holds a unique position not only in the Chinese higher education system but also in the global higher education 

system. It is this and all the above features that make NAU an interesting case to look into. 

3.2 Data Collection and Analysis 

This study uses a quantitative case study method, which is considered a suitable primary method in exploring a 

contemporary phenomenon and to provide an analysis of the essential factors, processes, and relationships 

involved in the phenomenon (Rashid, Rashid, Warraich, Sabir, & Waseem, 2019; Zha, Wu, & Hayhoe, 2019). 

Punch (2013) also noted that the case study is a valuable method for tackling “how do?” questions by describing 

real-life phenomena. Our study, which seeks to investigate how NAU has made progress towards attaining 

world-class research status, therefore finds the case study method as most appropriate to describe the efforts and 

processes taking place in NAU.  

This research is based on data from the annual report of science and technology of Nanjing Agricultural 

University, which was provided by the NAU Academy of Science. University data over a period of nine years 

from 2008 to 2016 was analyzed for the efforts that NAU has put in place in order to improve the quality of 

agricultural research in various aspects: funding for research, promoting internationalization, motivating 

researchers by giving awards, and supporting participation in international academic conferences.  
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4. Results 

The status of funding, publications, awards, research collaboration, conferences, and patents for Nanjing 

Agricultural University are summarised in the appendix. 

4.1 Funding 

  
Figure 1. The trend of the different sources of research funds 

Figure 1. Shows the different sources of research funding at Nanjing Agricultural University. A total of six 

government agencies have been funding the University. There is also some additional funding from what has 

been classified as others. The total contribution from the government agencies alone over the years is shown in 

Table 1 

 

Table 1. Funds from government agencies over the years  

Year 2008 2009 2010 2011 2012 2013 2014 2015 2016 

Amount (in  

10,000 Yuan) 

19,460.5 24,888.1 48,451.4 27,260.3 45,124.4 41,053.4 47,416.21 50,178.61 68,371.05 

 

Further, the Ministry of Agriculture has constantly taken the top position as a research funder, followed by the 

Ministry of Science and Technology, which surpasses the former in the year 2016. The other sources show an 

increase in trend.  
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Figure 2. The trend of the total amount of research funds in NAU over nine years 

Figure 2 shows the trend in total research funds allocated to Nanjing Agricultural University from 2008 to 2016. 

It can be noted that there has been a general increase over that period. Moreover, the annual total amount of 

money for research has doubled over in less than ten years, and the trend shows that for the past three years, 

there has been a rapid increase. 

 

  

Figure 3. Allocation of funds per college 

Figure 3 shows the division of research funds among science departments in the nine years from 2008 to 2016. 

The college of Agriculture scoops the largest share of 31% of funds followed by the College of Resources and 

Environmental Sciences with 17%, the College of Plant Protection with 16%, and the College of Horticulture, 

which gets 10%. The least funded colleges include the College of Sciences with 1% and the College of 

Engineering with 6%. 
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4.2 Publications 

 

Figure 4. Total college international publications in 9 years 

Figure 4 shows the number of publications in international journals indexed by the Social Sciences Citation 

Index (SSCI), Science Citation Index (SCI), Engineering Index (EI), and the Index to Scientific and Technical 

Proceedings (ISTP) during the study period. NAU counts the number of publications published in the academic 

journals indexed by SSCI, SCI, EI, and ISTP per scholar, and then compiles the total number from all the 

university departments, which gives the total annual number of publications in international journals. It is 

observed that the number of publications was highest between the years 2008 and 2009, with the years 2010 and 

2011 registering the biggest drop. It is also evident that for the past four years following 2011, there is a rise in 

the number of papers published, with the number rising from 792 scientific publications in 2011 to 1,883 in 2016. 

As such, there is an upward trend after a major decline in 2011. This goes to show that there is an increased 

acceptance of academic publications as an indicator of scholarly performance. 

 

Table 2. Number of publications in international journals by discipline in NAU, 2008-2016 

Year 2008 2009 2010 2011 2012 2013 2014 2015 2016 

Sciences 1,821 1,918 1,363 619 739 853 1,103 1,266 1,552 

Arts & Social Sciences 389 371 281 173 287 329 285 312 304 

 

Academic staff from the sciences are the major contributors to publications in NAU, as indicated by Table 2. 

Academic staff from the arts and social sciences are unable to match their strong achievements in this area. 

However, according to Tan and Goh (2014), this should not be construed as a lack of research outputs by 

academics from the arts and social sciences but more because of disciplinary variation. Natural scientists publish 

more of their work in journals than do social scientists who also write books, book chapters, reports, and other 

genres (Lillis & Curry, 2013).  
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Figure 5. Percentage of total international publications per college 

Figure 5 shows the total percentage of publications in international journals indexed by SSCI, SCI, EI, and ISTP 

per college. The College of Agriculture takes the lead with 15% of all scientific publications for the nine years, 

followed by the College of Horticulture with 14%, and both the College of Plant Protection and College of 

Resources and Environmental Sciences with 13%.  

 

4.3 Patents 

 

Figure 6. Patents and software rights 

Figure 6 shows the patent and software rights production trend in Nanjing Agricultural University over the years. 

There is a clear rise in the quantity of the patents produced, which is an indicator that research production in the 

university is not only being supported and sustained but also increasing steadily. Such a trend is significant in 

developing world-class status. The prediction is that the university will continue sustaining its efforts and will 

successfully rise to world-class status. 
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4.4 Internationalization and Collaboration in Research 

 

Figure 7. International science and technological research cooperation 

Figure 7 shows the international science and technological research cooperation in the university. On average, 

the University has been hosting an average of 3 research cooperation projects during the duration under review. 

However, the precise number of research cooperation projects per year has been wavering a lot from a minimum 

of zero in 2008 and 2009, and a maximum of 7 in 2010. 

 

4.5 Awards for Excellent Research 

 

Figure 8. Awards 

Figure 8 shows the trend of provincial and state awards for excellent researchers between the years 2008 and 

2016. The awards range from provincial level recognition such as the Jiangsu Provincial People‟s Government 

awards for Science and Technology Progress, to the more prestigious national awards awarded by different state 

divisions and ministries such as the Ministry of Education Excellent Achievements Award for Scientific 
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Research in Institutions of Higher Learning. During that study period, Nanjing Agricultural University achieved 

the highest number of awards in the year 2014 while the lowest number of awards was recorded in the year 2008. 

In general, there is a progressive increase in the number of awards during the study period, recognizing NAU as 

a lead institution. 

 

4.6 International Academic Conferences 

 

Figure 9. Number of international academic conferences 

Figure 9 shows the participation in international academic conferences for Nanjing Agricultural University. A 

total of 91 international academic conferences were recorded in 2008. The number of conferences has been 

rising steadily with time. In the year 2016, a total of 273 conferences were recorded. This shows a rise in 

international academic conference participation, which, for a developing university, is a good sign. 

 

5. Discussion 

5.1 Funding 

Earlier reports (H. Zhang et al. (2013) indicate that China is investing considerable resources in its universities, 

and that is having an impact. An analysis of funding for Nanjing Agricultural University tends to agree with this. 

During the study period, the university has received funding from six different government entities. Although 

some of these sources (for example, the Ministry of Agriculture) have varied the level of funding considerably, 

the total funding received by the university has been increasing steadily from 203,163,000 Yuan in 2008 to 

769,637,900 Yuan in 2016. It can be seen that regarding sustaining university research, the fund sources have all 

ensured their contribution in all the years. Also, the amount of funds received by the university has more than 

doubled over in less than ten years. There is a clear picture of the intensity of support that research is being 

accorded in the University. From this study, however, it was not certain whether this funding is adequate for 

university needs.  

How institutions organize and prioritize their resources is an important factor in attaining world-class status. It 

may affect research output, for example, the quality and quantity of publications and other factors such as the 

participation of colleges in academic conferences, research co-operation activities, and college awards to 

excellent researchers. Being an agricultural research university, Nanjing Agricultural University is bound to 

support agricultural-related research. It is possibly for this reason that the College of Agriculture has received the 
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largest share of the University funds. 

5.2 Publications 

According to H. Zhang et al. (2013), there has been a remarkable expansion of Chinese publications in 

international journals, to an extent that China has overtaken the UK in article publications in 2008 and only trails 

the US. This can largely be explained by the fact that research publications have received much recognition and 

interest in China in the last few decades. Almost all universities in Mainland China set down a specified number 

of publications as a precondition for promotion to an associate professorship or full professorship (Flowerdew, 

2015). Also, one of the requirements graduate students need to fulfil before graduation is publish in 

highly-ranked journals, with top universities even stipulating the number of papers required and in specific 

impact factor journals (Li, 2016). The current study finds that Nanjing Agricultural University has not been left 

behind. The number of papers published (Figure 4), has risen from 792 scientific publications in 2011 to 1,883 in 

2016. If this trend is sustained over time, the university then will achieve more and more publications and hence, 

ranking among the foremost in the world.  

From the results of Figure 3 (allocation of funds per college) and Figure 5 (percentage of total publications per 

college), it is evident that the level of funding affects the number of publications. The College of Agriculture, 

which received the highest amount of funds during the nine years, also achieved the highest number of 

publications. The other top colleges in scientific publications also report a high amount of funds allocated to 

them. On the other hand, the colleges that received the least percentage of funds also report the least number of 

scientific publications. For example, the College of Sciences, the least funded college in the nine years, produces 

just 4% of publications. The College of Engineering follows close by with 7%, the second least percentage of 

scientific publications. Though there might be some other affecting variables, adequate funding is essential for 

research, which in turn translates into more publications. 

The effect of funding on the number of publications may partly explain where for example a high level of 

funding between 2008 and 2010 saw to high levels of publications in the three years. Though there could be 

some other intervening variables, it is highly probable that there was favorable funding in the previous years was 

high.  

5.3 Patents 

The results in Figure 6 show a steady rise in the quantity of the patents produced. This is an indicator that 

research results are tangible and good quality. If such a trend is sustained it may have a significant impact on the 

economy. The rising trend (Figure 6) closely resembles that of funds (Figure 2), suggesting a positive correlation 

between the level of funding and the number of patents. Such a trend is highly significant in developing 

world-class status. The prediction is that the university will continue sustaining its efforts and will successfully 

rise to world-class status. 

5.4 International Collaborations 

The results of Figure 7 indicate that there has not been a steady growth in international science and technological 

research cooperation in the university. Co-operations not only lead to better research but also encourage staff 

mobility, which is a key factor in developing world-class research universities. Co-operations are, therefore, 

significant in attaining world-class university status. Hence the sustainability of these projects in the university is 

a necessary feature. For a university on the road towards attaining world-class status, it is important to 

consistently maintain research co-operations. 

5.5 Awards for Excellent Research 

Figure 8 shows the trend of awards for excellent researchers between the years 2008 and 2016. It is evident that 

the Chinese government and the University have consistently, from year to year, been awarding staff for good 

research. In general, there is a progressive increase in the number of awards during the study period.  

Awarding the high research performance among staff is one way in which a university or government can 

motivate better research. A study on the efforts of the Universiti Sains Malaysia (USM) or the Science University 

of Malaysia at rising to world-class status reveals that indeed, an incentive put in place by the university to 

award excellent research led to improved research (Tan & Goh, 2014). The number of publications in 

citation-indexed journals among USM academic staff increased in such a way that the average number of 

publications in citation-indexed journals had exceeded one publication per academic staff in a period of 10 years 

(Tan & Goh, 2014). This, in turn, leads to increased research production, more research publications and more 

patents. This explains the close resemblance in the trends of Figure 8 (awards), Figure 6 (patents), and the 

publications especially between the years 2011 and 2015 (Figure 4).  
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Awards alone may not be an adequate stimulus for research. Adequate funding, among other factors, is also 

required for results to be realized. This may partly explain where the trend in awards (Figure 8) also closely 

resembles that of funds (figure 2). 

5.6 Academic Conferences 

The results in Figure 9 indicate that the number of conferences has been rising steadily with time such that even 

where there is a decline in one year, the decline is compensated in the other years. For example, the slight 

decline in 2011 is compensated for by the higher number of conferences in 2010 and 2012. 

Academic conferences provide an environment of sharing academic and technological achievements as well as 

challenges and potential research topics. The trend observed in the results for NAU is encouraging. 

5.7 Policy Implications 

The policies that the management of NAU has put in place regarding research requirements, publications and 

participation in international academic conferences have further led to the progress of the university towards 

attaining world-class status. For instance, by prioritizing the number of publications during promotion to an 

associate professorship or full professorship, the university plays a major role in motivating the quantity and 

quality of research. Therefore, in order to progress towards attaining world-class status, in addition to 

government support, it is clear that university leadership and management is of importance, and may play a 

fundamental role in accelerating the whole process. 

6. Conclusions and Recommendations 

In conclusion, NAU sought to achieve the highest possible standards in research excellence in order to build a 

world-class research university. Further, it has consistently sustained these efforts, a necessary characteristic in 

the rather complex long road to attaining world-class status. This is in alignment with China‟s national higher 

education decades-old dream. It is concluded that with realistic planning and sustainability, it is possible to keep 

improving and getting nearer and nearer to achieving the worthy and vital objective of world-class excellence in 

university research. 

The process of building a world-class research university needs, however, to be accelerated. NAU has identified 

and implemented appropriate strategies to improve research quality and achieve world-class status. The 

accomplishment of this status inevitably involves the improvement and sustainability of these efforts towards 

achieving high research standards. Well-oriented strategic plans have been adopted to improve the status of NAU 

with regard to research excellence. 

Funding is acknowledged as a vital factor for preparing to attain the world-class status. Funding from the 

government is integral to the conduction of university research in China. There is a clear relationship between 

funding and other indicators. For instance, the publications increased with funding. Also, the colleges allocated 

more funds in turn, posted more publications. 

A significant rise in progress towards attaining world-class research status is attributed to the sustainability of 

these efforts. As noted by various authors, change does not take place overnight. Besides, the process of creating 

a world-class research university is a long process that requires time and consistency. Thus, research into the 

sustainability of these efforts is very important. However, there does not seem to be any clear set of 

complementary factors defining sustainability in efforts towards attaining world-class status (Z. Liu et al., 2019). 
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Appendix 

Key performance indicators for Nanjing Agricultural University  

 2008 2009 2010 2011 2012 2013 2014 2015 2016 

Funding (in 10,000 Yuan) 19,460.5 24,888.1 48,451.4 27,260.3 45,1053 41,053.4 47,416.21 50,178.61 68,371.05 

Academic publications 2210 2289 1652 792 1026 1182 1391 1599 1883 

Awards 23 25 30 26 50 43 69 46 48 

Research cooperation 0 0 7 3 4 3 3 5 2 

Academic conferences 91 120 178 106 158 178 172 211 173 

Patents 63 77 88 144 225 244 256 268 273 
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