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ABSTRACT

Innovativeness plays a decisive role in the progress of society, the sustainable
development of nations, and the success of individuals in the era of information
technology and knowledge economy, especially because the world is now confronted with
major challenges such as climate change, environmental degradation, social inequality
and resource exhaustion that have no ready solutions. As cradles for talent, higher
education institutions attach great importance to promoting the innovative capabilities
of their students. This study aims to introduce the existing studies on students’
innovativeness in institutions of higher learning for sustainable development. This study
applies a bibliometric analysis by conducting collaboration, co-citation, co-reference, and

VOS viewer. co-occurrence analysis on university students’ innovativeness toward sustainable

development. A total of 1,531 academic publications have been collected from the Web
of Science Core Collection database from 2011 to 2021 and further analyzed. The major
researchers and publications, productive countries or regions, collaborative institutions,
research hotspots, and trends related to the innovativeness of college students are
identified in this study. By adopting Co-occurrence (COOC) and VOSviewer to analyze
and visualize the data, this research reveals that college students’ innovation capability
continues to be an emerging research issue. Training, entrepreneurship education, and
entrepreneurial intention are identified as the gaps for further studies. The results of this
study suggest that academia in higher education institutions and government agencies
are strongly encouraged to enhance the innovativeness of college students to tackle the
unsustainable issues haunting society today.

Contribution/Originality: The paper contributes to the revelations of the main researchers, major journals, high-
yield countries or regions, cooperating institutions, knowledge landscape, and research hotspots of college students’
innovativeness based on the academic literature between 2010 and 2021. It sheds light on the research status in the

past decade and identifies the research trends connected with undergraduates’ innovativeness in higher education.

1. INTRODUCTION

Innovativeness in higher education institutions plays an increasingly crucial role in determining the economic
prosperity of all countries across the world (Phelps, 2014; Wang, Ren, Wang, & Yu, 2018). Human society has stepped
into the era of information and knowledge that is more dependent on innovation. The fierce competition among
countries is a competition of talents and innovation. As early as 1972, the United Nations Educational, Scientific and
Cultural Organization (UNESCO) put forward the cultivation of creativity as one of the most critical contemporary

educational goals in its report Learning to Be: The World of Education Today and Tomorrow. As the key outcomes of

83
© 2023 Conscientia Beam. All Rights Reserved.


https://orcid.org/0000-0001-9798-500X
https://orcid.org/0000-0002-8523-242X
mailto:willmer@163.com
mailto:ruihui@g.swu.ac.th
https://www.doi.org/10.18488/73.v11i1.3302

Humanities and Social Sciences Letters, 2023, 11(1): 83-99

higher education (McWilliam, 2009), the innovativeness of college students is the emerging vitality of social
development and plays a significant part in the improvement of productivity, the advancement of science and
technology, and the promotion of employment (Li, 2017). At the same time, the development of technologies such as
the internet (Gulati, Reid, & Gill, 2020), big data (Hou, 2019), artificial intelligence (Cantd-Ortiz, Galeano Sanchez,
Garrido, Terashima-Marin, & Brena, 2020; Wu, Shen, & Lv, 2021), and visual technology (Borgen, Ropp, & Weldon,
2021; Kumar, Pandey, & Rahman, 2021; Obeid & Demirkan, 2020) has also provided unprecedented opportunities for
nurturing college students’ innovative capabilities. As a result, the cultivation of such capabilities has become a top
priority for all higher education institutions in different countries across the world (Touahmia et al., 2017), and the
research on college students’ creativity has also received extensive attention from the academic community.

Innovation is regarded as a multidimensional and complex construct (Guilford, 1956; Kupers, Lehmann-
Wermser, McPherson, & Van Geert, 2019) with three mutually reinforcing dimensions: the intrapersonal, the social,
and the cognitive (Selznick & Mayhew, 2018). Plucker, Beghetto, and Dow (2004) define innovation as the interaction
between ability, process, and environment through which individuals or groups produce original, meaningful and
perceivable products in the social environment. Innovation ability refers to the overall capabilities of fulfilling the
procedure of innovation and attaining innovative results through knowledge (Hao, 2021) with invention and
discovery as its embodiment (Hu, Ding, & Ni, 2016), which mainly includes innovative character, awareness, thinking,
and experience (Wen, Liu, Beaulieu, Wang, & Wang, 2016). Several researchers have explored different approaches
to measuring creativity, which include the tests for divergent thinking, such as the Consensual Assessment Technique
(Amabile, 1982), the Torrance Tests of Creative Thinking (Kim, 2017), and questionnaires such as the Runco
Ideational Behavior Scale (Runco, Plucker, & Lim, 2001), the Creative Achievement Questionnaire (Carson, Peterson,
& Higgins, 2005), and the Kaufman Domains of Creativity Scale (Kaufman, 2012). Research has also been done on the
factors that shape or influence the creativity of college students. Parental warmth and parental rejection (Guo, Zhang,
& Pang, 2021) and public service motivation (Jung, Lee, & Workman, 2018) are positively associated with creativity.
Gregariousness, excellence, humility, kindness and other positive psychological traits affect the sense of innovation
among students at institutions of higher learning (Zhang, Liu, Wang, & Yang, 2020). Students’ creativity is supported
by learner involvement, external environment, and academic atmosphere (Richardson & Mishra, 2018).

Related research on the innovation capability of college students has been conducted in a variety of research
domains, such as education (Shoop & Ressler, 2011; Taylor, Esmaili Zaghi, Kaufman, Reis, & Renzulli, 2020),
psychology (Carter, Hass, Charfadi, & Dinzeo, 2019), engineering (Genco, Holttd-Otto, & Seepersad, 2012), nursing
and health care (Dai, Wei, Chen, & Ju, 2019), business and management (Gugerty & Teeven, 2015), and information
science (Mizrachi & Bates, 2013). However, a bibliometric and visual analysis of the literature concerning this research
topic from 2011 to 2021 has not been done yet, especially in light of sustainable development that is of paramount
importance to the current and future generations because the world is now subject to climate change (Holden, 2019),
resource exhaustion (Ahamad & Ariffin, 2018), and wildlife decline (Brito et al., 2018). Innovation is at the core of
pushing society onto the track of a more sustainable path (Sandri, 2013), but the innovative potential of college
students for sustainable development has long been neglected (BraBler & Schultze, 2021). Blewitt and Senior (2010)
argued that future graduates will be required to fully understand sustainability as an indispensable part of their
knowledge and skills and is a necessary supplement to their professions and disciplines. Based on the analysis of
collaboration, co-citation, co-reference and co-occurrence of the retrieved bibliographic data, this paper reveals the
main researchers, major journals, high-yield countries or regions, cooperating institutions, knowledge landscape and
research hotspots to shed light on the research status in the past decade and identifies the research trends connected

with college students’” innovativeness in higher education.

84
© 2023 Conscientia Beam. All Rights Reserved.



Humanities and Social Sciences Letters, 2023, 11(1): 83-99

2. DATA AND METHODS
2.1. Data Source

The current research obtained bibliographic data from the Web of Science (WoS) Core Collection on March 29,
2021. The WoS is considered to be the most reliable and influential resource among the leading bibliographic
databases for academic publications (Birkle, Pendlebury, Schnell, & Adams, 2020). The keywords of research topics
are 'iInnovation' and 'college students' or 'innovation' and 'undergraduate' or 'creativity' and 'undergraduate' or
'creativity' and 'college students'. English was the language selected, the document type was 'article', and the timespan
was set between 2011 and 2021. Editions were restricted to Science Citation Index Expanded (SCI-Expanded) and

the Social Science Citation Index (SSCI). As a result, 1,531 articles were obtained via this search strategy.

2.2. Research Method

Bibliometric analysis that reveals the network of co-authors, co-citations, co-references, and co-occurrences can
demonstrate the intellectual framework of a research area (Chen, Dubin, & Kim, 2014). This research utilizes two
bibliometric analysis tools — Co-Occurrence 6.7 (COOC 6.7) and VOSviewer 1.6.13. COOC 6.7 is mainly used for data
analysis, data mining, and data visualization in the field of bibliometrics and has excellent performance in terms of
accuracy, function, and operation. It can process multiple databases at the same time, such as Web of Science, PubMed,
El, Scopus, and ScienceDirect, and implement synonym merging; frequency counting; the co-occurrence,
dissimilarity, bimodal, coupling matrices; pedigree, clustering and time zone graphs; and theme evolution paths
(Xueshudiandi, 2020). VOSviewer 1.6.18 is free JAVA-based bibliometric software developed by Van Eck and
Waltman from the Centre for Science and Technology Studies at Leiden University in the Netherlands. VOSviewer
is a well-known scientific tool for knowledge plots based on citation, co-citation, co-authorship, and bibliographic
coupling of bibliographic references (Van Eck & Waltman, 2010) and has been adopted in bibliometric analysis in
various knowledge fields (Williams, 2020). In this study, COOC 6.7 is used to count frequency and draw a weighted
time-zone map of keywords. VOSviewer 1.6.18 is adopted to analyze and visualize publication information, authors,

Jjournals, institutions, countries or regions, and keywords.

3. RESULTS
3.1. Publication Reviews
As shown in Figure 1, research on the innovativeness of college students increased continuously from 2011 to

2020.
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Figure 1. Distribution map of the annual publications from the Web of Science.
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It needs to be clarified that the 52 journal articles were published only in the first three months of 2021. The
number of published academic papers reached 268 in 2020, nearly quadrupling the number of publications of 2011.
At the same time, the total publications rose to 1,479 at the end of 2020, 19 times more than in 2010, which proves

that the innovativeness of college students is a research hotspot with a growing trend.

3.2. Most Cited Articles

In the current academic community, the influence and significance of a paper are assessed mainly by the number
of times it has been cited by other researchers in the bibliographic database. According to the Web of Science Core
Collection, the 1,531 articles retrieved in this research have been cited 13,633 times in total. The top 10 most

frequently cited articles, which have been cited more than 110 times, are listed in Table 1.

Table 1. Top 10 references in the field of innovativeness of college students from 2011 to 2021.

Ranking | Year | Citations | Journal Author(s)
1 2011 314 Psychological Science in the Public Interest | Subotnik et al. (2011)
2 2016 215 Computers in Human Behavior Sheldon and Bryant (2016)
3 2014 175 Computers & Education Arteaga Sanchez et al. (2014)
4 2011 175 CBE: Life Sciences Education Andrews et al. (2011)
5 2011 154 Journal of Mechanical Design Linsey et al. (2011)
6 2011 149 Journal of Knowledge Management Xue et al. (2011)
7 2012 141 Research Policy Astebro et al. (2012)
8 2012 131 Journal of Personality Markowitz et al. (2012)
9 2011 128 Psychology of Violence Banyard and Moynihan (2011)
10 2016 114 Information & Management Shiau and Chau (2016)

The most cited article was composed by Subotnik, Olszewski-Kubilius, and Worrell (2011), which introduced a
comprehensive definition of giftedness and offered some suggestions for the future development of gifted education
that includes general and professional abilities, creativity, motivation, mindset, commitment, passion, interest, and
opportunity (Subotnik et al., 2011).

The second most influential article, which was cited 215 times, found that a positive relationship exists between
the college students who scored highly in interpersonal communication and used Instagram for coolness, creativity,
and surveillance (Sheldon & Bryant, 2016).

The articles by Arteaga Sdnchez, Cortijo, and Javed (2014) and Andrews et al. (2011) rank third with 175 citations
each. The former identified the factors that stimulated students in higher learning to use Facebook for academic
purposes based on the models used for the diffusion and adoption of technology innovation (Arteaga Sanchez et al.,
2014). The latter showed no correlation between learning outcomes and the adoption of active learning instruction
among students (Andrews, Leonard, Colgrove, & Kalinowski, 2011).

Linsey et al. (2011) suggested that the combination of Brainsketching, C-Sketch, and Gallery could produce more
ideas and increase their quality, thereby promoting creativity and innovation in engineering design. They also showed
that the interactions between individuals and groups had a prominent place in the process of generating new ideas.

Based on a survey of 434 students in a large university in the United States, Xue, Bradley, and Liang (2011)
found that an innovation team whose members trusted each other and were led by authorized leaders would have a
more positive attitude toward sharing knowledge and tended to generate knowledge-sharing behavior.

Astebro, Bazzazian, and Braguinsky (2012) conducted case studies on Massachusetts Institute of Technology,
Halmstad University, and Chalmers University of Technology, which have innovation-related programs, and found
that recent college graduates were twice as likely as the faculty to establish start-ups three years after their

graduation. It is a common phenomenon for graduates to start businesses regardless of the type of school.
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Markowitz, Goldberg, Ashton, and Lee (2012) found that a high level of aesthetics, creativity, and curiosity,
rather than the personality traits connected with altruism, may stimulate the performance of environmentally friendly
behavior.

The paper by Banyard and Moynihan (2011) explored the correlation of practical helping behaviors and the
prevention of sexual and intimate partner violence among students in higher learning institutions, though they
mentioned that innovations in preventing violence encouraged people to become positive bystanders.

Shiau and Chau (2016) found that the motivational model, technology acceptance model, innovation diffusion
theory, theory of planned behavior, self-efficacy, and service quality can all firmly explain the willingness to use cloud
computing in the classroom, which is an innovative form of information technology characterized by demonstrability,
visibility, and testability to enhance students’ learning. Except for computer self-efficacy and trialability, all the other
factors of the abovementioned models had a significant positive impact on the willingness to use cloud computing in
the classroom. The proposed united model showed that perceived usefulness had the most decisive and positive impact
on students’ intentions, and the other influencing factors included attitude, cloud service quality, perceived behavior

control, results display, visibility, and cloud self-efficacy.

3.3. Journals

Table 2 lists the top 23 journals that published academic articles related to the creativity or innovativeness of
college students, which could help future researchers find the relevant journals to submit their relevant papers. The
International Journal of Engineering Education and the Creativity Research Journal are the most prolific in this research
field, with more than 40 publications in the studied period, followed by Agro Food Industry Hi-Tech; Frontiers in
Psychology; Thinking Skills and Creativity; Psychology of Aesthetics, Creativity, and the Arts; Journal of Chemical Education;
Sustainability; Journal of Creative Behavior; Journal of Nursing Education; and BMC Medical Education, with more than
20 published literature. These journals mainly concentrate on the research field in education, psychology,

engineering, health care sciences and service.

Table 2. Top 23 journals for innovativeness of college students from 2011 to 2021.

Ranking Journal Publications Ranking | Journal Publications
1 International Journal of 65 18 Medical Teacher 18
Engineering Education
2 Creativity Research 48 14 Academic Medicine 17
Journal
3 Agro Food Industry Hi- 36 15 Personality and 16
Tech Individual Differences
4 Frontiers in Psychology 33 16 Nurse Education Today 15
5 Thinking Skills and 32 17 Journal of Engineering 15
Creativity Education
6 Psychology of Aesthetics, 30 18 International Journal of 15
Creativity, and the Arts Technology and Design
Education
7 Journal of chemical 29 19 PLoS ONE 13
education
8 Sustainability 29 20 Computers in Human 13
Behavior
9 Journal of Creative 26 21 International Journal of 12
Behavior Art & Design Education
10 Journal of Nursing 23 22 Eurasia Journal of 11
Education Mathematics Science and
Technology Education
11 BMC Medical Education 21 23 International Journal of 10
STEM Education
12 Educational Sciences: 19
Theory & Practice
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The International Journal of Engineering Education (Impact Factor: 0.97, Hirsch Index: 50) is a peer-reviewed
Jjournal that publishes academic manuscripts that only address issues in engineering education. The Creativity Research
Journal (Impact Factor: 2.37, Hirsch Index: 82) publishes academic research on all fields of creativity covering
behavioral, educational, clinical, cross-cultural, cognitive, organizational, psychometric, and social aspects, etc.,
through a double-blind and anonymous review process.

A co-citation analysis of the journals is helpful in tracking the distribution of academic resources and the
cooperation between the journals. The number of citations of a journal determines the size of its nod in the co-citation
map (see Figure 2), and the frequency of the co-citation of journals in the literature is represented by the distance
between the respective nodes (Chen & Liu, 2020). Figure 2 (minimum number of citations of a source > 20) shows
that the Creativity Research Journal, the Journal of Personality and Social Psychology, and the Journal of Creative Behavior
are the most co-cited journals, which also have the strongest association power within each co-citation group. It is

noteworthy that two of them are also among the top 28 most productive journals.

Figure 2. Journal map of the co-citation of innovativeness of college students from 2011 to 2021.

3.4. Authorshzp

A total of 4,895 authors contributed to the 1,531 retrieved papers. Table 3 lists the leading contributors who
published more than five academic papers in the field of the innovation capability of college students. The most prolific
author is (Gibson & Mumford, 2013) with 14 articles over the past decade, which were all co-authored with other
scholars. Figure 38 shows that the collaborative networks between the authors can be clustered into three groups
(minimum number of documents of an author > 2). Group #1 includes Gibson and Mumford (2013), Partlow,
Medeiros, and Mumford (2015) and Vessey, Barrett, and Mumford (2011), whose principal research interests are
cognition, leadership, forecasting, idea evaluation, creative problem solving, vision, and constraints. Group #2
includes Barrett et al. (2013), Day (2012), Hester et al. (2012) and Peterson et al. (2013) and Peterson et al. (2018),
who focus on exploration, problem-based learning, innovative teaching, self-regulation, active learning strategies,
learning environment, and creativity barriers. Group #3 includes McIntosh, Mulhearn, and Mumford (2021),
Medeiros, Steele, Watts, and Mumford (2018), Steele, Hardy, Day, Watts, and Mumford (2021) and Watts et al.
(2020), whose main research focuses are idea evaluation, creative problem solving, cognition, lifelong learning,

leadership, stories, and idea sources.
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Table 3. Top 17 most prolific researchers related to the innovativeness of college students from 2011 to 2021.

Ranking | Author Name Number of Ranking | Author Name Number of
Publications Publications
1 Mumford, M. D. 14 10 Medeiros, K. E. 6
2 Kaufman, J. C. 13 11 Zhang, O. L. 6
3 Zhang, S. 10 12 Selznick, B. S. 5
4 Zhang, J. H. 9 13 Yeh, Y. C. 5
5 Watts, L. L. 7 14 Hass, R. W. 5
6 Kharkhurin, A. V. 6 15 Wang, Y. 5
7 Mayhew, M. J. 6 16 Valcke, M. 5
8 Chen, H. C. 6 17 Daly, S. R. 5
9 Oiu, J. 6
R sl Barretiipmie D.
R —

Mulhea, Tyler |

Mumfordgiichael D.

Hasier, Wgtery s Mcitosh@lristan

Wats{ggan L

GlsomCarter

Swcie gy
Figure 3. Co-authorship map.

3.5. Countries/Regions

The 1,531 bibliographic references obtained in this study were drafted by 81 countries or regions. The top 20
most prolific countries or regions that published over 15 pieces of literature from 2010 to 2021 are listed in Table 4.
The United States of America contributed 686 academic papers, which nearly triples the publications by China in
second place, and it is almost eight times more than that of England, which is in third place. Figure 4 shows the
collaboration between these countries or territories that are grouped into six clusters by VOSviewer (minimum
number of documents of a country > 5, minimum number of citations of a country > 1, minimum cluster size > 5).
The biggest nod in each cluster signifies the contributor with the greatest link strength in the corresponding
collaborative network. Cluster #1: Spain, Chile, France, Japan, Mexico, Ecuador, Portugal, Brazil, and Colombia;
Cluster #2: USA, Canada, Germany, Singapore, Finland, Northern Ireland, Israel, and Hungary; Cluster #3:
Malaysia, Netherlands, Ireland, Italy, Belgium, Wales, and Norway; Cluster #4: Saudi Arabia, Turkey, Russia,
Austria, India, Pakistan, and the United Arab Emirates; Cluster #5: The People’s Republic of China, Taiwan, South
Korea, Scotland, and the Philippines; Cluster #6: England, Australia, New Zealand, Sweden, and Iran.

Table 4. Top 20 most prolific countries/regions of publications.

Ranking Country/Region Number of | Ranking | Country/Region Number of

Publications Publications
1 USA 686 11 Brazil 24
2 People’s Republic of China 242 12 Italy 20
3 England 87 18 Malaysia 20
4 Australia 86 14 Ireland 19
5 Taiwan 73 15 Singapore 18
6 Canada 72 16 New Zealand 18
7 Spain 58 17 Netherlands 18
8 South Korea 37 18 Mexico 17
9 Germany 28 19 Turkey 17
10 India 26 20 Scotland 15
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Figure 4. Association between countries/regions.

The most productive institutions with over ten publications from 2011 to 2021 are listed in Table 5. It is worth

noting that all of the top ten universities are from the USA. To be more specific, on the list of the top 31 most prolific

institutions, 25 are from the USA, three are from China’s mainland, one is from Taiwan, one is from Australia, and

one is from Canada. Figure 5 illustrates the cooperative networks between the major institutions that can be divided

into five main clusters (minimum number of documents of an organization > 10, minimum cluster size > 3). Cluster

#1 includes Purdue University, Arizona State University, University of Colorado, Stanford University, University of

Pittsburgh, University of California (Berkeley), University of Minnesota, University California (San Francisco), and

Vanderbilt University, and focus on engineering education, entrepreneurship, medical education, midwifery, openness

to experiences, personality, and design education.

Table 5. Top 31 most prolific organizations.

Ranking | Name of Organization Publications Ranking | Name of Organization Publications
1 Purdue University 21 17 University of Toronto 12
2 University of North 19 18 University of Texas, Austin 12

Carolina
3 University of Michigan 18 19 Yale University 11
4 University of Oklahoma 17 20 Ohio State University 11
5 University of Pittsburgh 17 21 Iowa State University 11
6 University of Connecticut 16 22 Washington University 11
7 Arizona State University 15 23 Texas A&M University 11
8 Vanderbilt University 15 24 University of South Florida 11
9 University of California, 14 25 Central China Normal 11
San Francisco University
10 Stanford University 14 26 Monash University 11
11 James Madison University 14 27 Pennsylvania State University 11
12 University of Minnesota 14 28 Shandong Normal University 10
18 University of California, 14 29 The City University of New 10
Berkeley York
14 University of Colorado 14 30 University of Nebraska 10
15 National Taiwan Normal 13 31 Southwest University 10
University
16 University of [llinois 13

Cluster #2 includes University of Texas at Austin, University of Illinois, National Taiwan Normal University,

University of Toronto, and Texas A&M University, and focus on technology, medical education, curriculum, emotion,

© 2023 Conscientia Beam. All Rights Reserved.
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teaching/learning strategies, intervention, and engineering education. Cluster #3 includes Ohio State University,
Pennsylvania State University, lowa State University, University of Michigan, and James Madison University, which
concentrate on design education, medical education, clerkship, personality, concept generation, assessment, idea
generation, and ethical reasoning. Cluster #4 includes University of North Carolina, Southwest University,
University of Connecticut, and Yale University, which prioritize divergent thinking, personality, education,
intelligence, teaching methods, medical education, self-efficacy, evaluation, and originality. Cluster #5 includes
University of South Florida, The City University of New York, University of Oklahoma, and Washington University,
whose research focuses are on cognition, idea evaluation, leadership, creative problem solving, entrepreneurship,
forecasting, vision, ethics, sustainability, and collaborative/cooperative learning.

Univ CalifiBerkeley
Univ Piiisburgh Stanf@ggl Univ

Arizona§fate Univ

Univ Calif §@h Francisco

Vandegit Univ
Purdg@Univ
Univ Miinesota lowa Sggre Univ
Penn Site Univ
Univ Mighigan
Univ Cappecticut &
Washington Univ \y o N oina
. Southugest Univ
Univilinois
Cuny
Ohio State Univ
James Maglison Univ
Univ Texgs Austin Univ Sklorida
Univ Oklahoma

Texas AGM Univ

Natl Taiwaf@jormal Univ

Figure 5. Cluster map of organizations.

4. DISCUSSION
4.1. Hot Research Topics

Table 6 lists the top 15 keywords appearing more than 20 times in the retrieved literature over the past decade.
Besides “creativity” and “innovation”, which are the topic words of this research, the other most frequent keywords
are education, higher education, engineering education, entrepreneurship, medical education, curriculum, college
students, divergent thinking, design education, active learning, and assessment. These high-frequency keywords
show that the research hotspots related to college students’ innovative ability are mainly reflected in the fields of
entrepreneurship, critical thinking, and autonomous learning in engineering, medicine, design, and other higher
education disciplines.

Figure 6 shows the co-occurrence of the keywords and divides them into five clusters with an occurrence > 10
and a minimum cluster size = 5. Each cluster indicates a hot research theme within the field of the creativity of college
students. Cluster #1 comprises 15 items and mainly focuses on creativity in educational innovation, such as active
learning;, critical thinking, curriculum development, and assessment, especially in medical education. Medical students
should have a strong sense of creativity and obtain the sustainable development of entrepreneurial programs in the
innovation and entrepreneurship of medical education (Li, 2017). As the outbreak of the Covid-19 pandemic hit the
world at an unprecedented scale, it brought an urgent need to innovate medical education (Pravder et al., 2021;
Southworth & Gleason, 2021).

Cluster #2 includes 13 items and studies innovation in design and engineering education from the perspectives
of pedagogy, sustainability, and technology. Challenges, such as fast-growing industry needs, engineering practices,

and students” own career prospects, demand innovations in engineering education that integrates multidisciplinary
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knowledge, leadership, communication, entrepreneurship, sustainability, creation, and lifelong learning (Jamieson &
Shaw, 2019; Tekmen-Araci & Mann, 2019). The application of design strategies and tools can promote critical
thinking in the initial stages of engineering design, and diversified choices in the design process will bring more
creative and innovative results (Lee et al., 2021).

Cluster #3 includes seven items and explores entrepreneurship in higher education from the perspectives of
entrepreneurial intent, self-efficacy, and gender. Entrepreneurial self-efficacy is a mediator between self-perceived
creativity and entrepreneurial propensity, and the support for creativity from families and colleges and participation
in creativity courses can significantly predict self-perceived creativity (Lagufa, Moriano, & Gorgievski, 2019). Many
countries have formulated national strategies to support college students and youngsters to become cyber-
entrepreneurs to grow the economy and boost innovation since cyber-entrepreneurship is a burgeoning practice of
innovation in the information age. Self-efficacy of information technology-related entrepreneurship has a significant
positive effect on cyber-entrepreneurial propensity, while thinking positively has no such effect. However, thinking
positively is a moderating factor between self-efficacy in internet entrepreneurship and the intention to start an e-
commerce business (Chang, Shu, Wang, Chen, & Ho, 2020).

Cluster #4 includes five items and expounds creativity from divergent thinking, personality, and motivation.
General cognitive ability and creative personality traits are predictors of creativity in terms of divergent thinking,
while cognitive and motivational variables as well as course grades can predict creative performance. Motivation has

a predictive effect on creative activity and creative ideation (An, Song, & Carr, 2016).

Table 6. Top 15 keywords from the literature.

Ranking | Keywords Frequency | Ranking Keywords Frequency
1 Creativity 200 9 Medical education 25
2 Innovation 92 10 College students 24
3 Education 56 11 Undergraduate 23
4 Higher education 49 12 Divergent thinking 23
5 Engineering education 39 13 Design education 22
6 Entrepreneurship 28 14 Active learning 22
7 Undergraduate medical education 28 15 Assessment 21
8 Curriculum 27
s Creativity et '_m” N St
Znt-epreurshin Ediggfion o
mn%;&on
LT e N\ e st
“ 2 Secord-vear Up dergracuace
Ui
T g gicmion e i it

E-trepranedsa! inzention

g

Fteezroneadin b ucssan

Auaticbleasaen

Figure 6. Co-occurrence map of highly frequent keywords.

Cluster #5 also has five items, and its major research focuses are the curriculum of first-year and second-year
undergraduates from the aspects of collaborative learning and hands-on learning. The application of sustainability to
the university engineering curriculum brings about a noticeable improvement in knowledge and attitudes and modest

changes in enabling new behaviors (Qu, Huang, & Zhou, 2020). Educators in the engineering field need to take more
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effective measures to make certain that creativity is a clear result of learning in the engineering curriculum because
innovation has been proven to be a crucial competency for engineering professionals (Valentine, Belski, Hamilton, &
Adams, 2019). Innovations in higher education, such as peer-led team learning (Frey, Fink, Cahill, McDaniel, &
Solomon, 2018), the supplemental instruction model (Alden, 2017), and technology-enhanced learning (Urban, 2017),
for first-year and second-year college students can improve their learning experience and enhance their academic

achievements.

4.2. Research Trend

Figure 7 is a weighted time-zone map that displays the evolution of the research keywords and also reveals the
research frontiers and trends. Each node on the map represents a keyword whose frequency determines the size of
the node. The time of the keyword on the map is the average weighted year based on the retrieved bibliographic data.
The specific formula is as follows:

Y.jyearijxcounts;

- Yicounts;

In this formula, wy is weighted year, year: refers to the year in which the keyword appears, and counts: refers to
the frequency of the year in which the keyword appears.

The weighted time-zone map of keywords can reflect the changing trend of research topics in the field over time.
As shown in Figure 7, the latest research trends in the area of college students’ innovativeness can be categorized
into two major directions. The first is training; creativity can be improved by developing metacognitive skills by
imagery training to generate new ideas and cultivate divergent thinking (May et al., 2020). The innovative capabilities
of college students are not inborn and unchangeable but can be improved by training and practices that integrate
active participation and clear guidance for individuals and teams (Tran, Kudrowitz, & Koutstaal, 2020). The second
direction is entrepreneurship education and entrepreneurial intention. Developing students’ creativity in higher
education institutions is a vital outcome of entrepreneurial education in terms of stimulating college students’
innovativeness (Shi, Yuan, Bell, & Wang, 2020). Increasing self-perceived creativity in college courses can raise

students’ entrepreneurial intentions by intensifying entrepreneurial self-efficacy (Laguia et al., 2019).
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Figure 7. Weighted time-zone map of the research keywords from 2011 to 2021.
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5. RESEARCH IMPLICATIONS

Today’s world has entered the era of a knowledge economy that is dominated by modern high-tech industries.
As a widely recognized indicator that measures the sustainability and vitality of a country’s or region’s economy,
innovativeness has become the most important factor and decisive force of economic growth and social progress in
this era. The advent of the knowledge economy not only poses challenges to the innovativeness of college students
in modern society, but also breeds potential opportunities for cultivating their innovative abilities. One of the core
tasks of higher learning institutions is to train high-quality talents with innovative consciousness, thinking and
abilities because college is a critical period for developing such capacities. However, with increasingly fierce markets
and social competition, college students will be confronted with more pressure to find jobs after graduation. As a
result, college students should be able to transform knowledge into wealth, as knowledge is the most prominent factor
in wealth growth in a knowledge economy society. Through the reform of higher education, research from academic
communities, efforts by governments, and participation by business communities, the innovativeness of college
students will be continuously improved to realize the sustainable development of the corresponding individuals and

humanity.

6. CONCLUSIONS

Based on the visual and bibliometric review of the literature obtained from the Web of Science Core Collection
from 2011 to 2021, the results show that the innovativeness of college students is still a hot area of research, and the
number of papers published in academic journals is increasing each year. The top four most cited articles in this
research field with more than 175 citations in the Web of Science database mainly explore innovativeness from
giftedness, Instagram, Facebook, and active learning. Regarding the academic journals that focus on this specific
research area, the International Journal of Engineering Education and the Creativity Research Journal are the most
influential publishers with more than 40 publications in the past decade, while the most co-cited journals are the
Creativity Research Journal, the Journal of Personality and Social Psychology, and the Journal of Creative Behavior. The
leading authors in this field can be clustered into three major collaborative networks with specific research interests
within each group. In terms of the productive countries or territories, it is noticeable that the number of articles
contributed by the USA is three times the number of publications by the country in second place and eight times that
of the country in third place. At the same time, all the top ten most prolific institutions are from the USA, and the
contributing universities can be grouped into four major clusters based on their cooperation.

The co-occurrence analysis of keywords reveals five major research hotspots: (1) creativity in educational
innovation; (2) innovation in design education and engineering education; (3) entrepreneurship in higher education;
(4) creativity from divergent thinking, personality, and motivation; and (5) the curriculum for first-year and second-
year undergraduates. The emerging research trends are shown as training, entrepreneurship education, and
entrepreneurial intention.

The results provide valuable information for the status quo of the research on the innovativeness of college
graduates and identify hot research themes, potential topics, and research trends. Since college students are the
backbone of a country’s future, the key driver of economic prosperity and the problem solver for the issues concerning
sustainable development, such as changing climate, social inequalities, and the contradiction between the security of
food, the productivity of energy, and the protection of environment (Harvey & Pilgrim, 2011), the cultivation of their
innovative capabilities will remain high on the agenda for governments, higher education institutions, and students
themselves in this increasingly competitive world. The findings of this paper can be used in decision making for

government officials, educational reform for colleges and universities, and the research priorities for researchers.
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