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Abstract. Driven by the wave of scientific and technological revolution and the
increasing integration of the global economy, innovation has become a new
driving force for the sustainable development of national society and economy.
The state has called for deepening the reform of innovation and entrepreneurship
in higher education, and the cultivation of innovative talents has become the key
path for China to realize the strategy of a strong innovative country, and colleges
and universities have become the main position for the cultivation of innovative
talents. This paper uses CiteSpace software to visualise and analyse the research
on the cultivation of innovation ability of students in colleges and universities
from 2013 to 2024. The results of the exercise show that the United States, China,
Australia and the United Kingdom are in the leading position in this research
field. The University of Queensland, Queensland University of Technology in
Australia and East China Normal University in China ranked in the top three in
terms of research. There are some collaborations between East China Normal
University and other institutions, and other institutions need to improve com-
munication and cooperation in future research. In terms of research hotspots, this
paper found new research hotspots and trends, there are many researches in the
theory of pedagogy, but the theoretical research based on the cultivation of in-
novation ability under OBE will be a new research hotspot in the future. Different
from the traditional education concept, the OBE concept starts from the results
and emphasizes student-centredness in the teaching process, which is an im-
portant way to improve the way of cultivating innovative talents in colleges and
universities, to achieve the high-quality development of innovative talents, and to
serve the needs of social practice.
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1 Introduction

In the context of the knowledge economy era, innovation ability has become a key
indicator of a country's competitiveness, especially in a multi-ethnic country like
China, promoting the development of higher education in ethnic areas is of great sig-
nificance for achieving balanced regional development and maintaining national unity
and social harmony. At present, with the accelerated development of globalization and
informatization, the social requirements for college graduates are not only limited to the
mastery of solid professional knowledge, but also attach more importance to their
ability to solve practical problems and creative thinking[1]. As a key force in the
transformation and upgrading of China's economy, the cultivation of creative ability of
college students is particularly important, in which ‘Outcome-Based education(OBE)’
provides a new educational concept and practical path.

The traditional teacher-centred education model is no longer able to meet the needs of
a fast-changing society, and OBE offers a new solution.OBE emphasizes the focus on
student learning outcomes, and ensures that every student acquires the necessary
knowledge and competencies to achieve the intended learning outcomes through the
reverse design of the curriculum[2], the clarification of teaching and learning objectives,
and the establishment of scientific assessment criteria. The learning outcomes of each
student will be achieved. In the process, students' critical thinking, problem solving
ability and creative practice ability are significantly enhanced[3].

So, what is the trend of current research publications on the development of innova-
tive competences of students in local universities in ethnic areas in the context of re-
sults-oriented education? What are the research priorities? What kind of characteristics
and shortcomings are presented? What are the future research trends in this area? These
questions are the focus of this study, which uses CiteSpace to visualize and analyse the
current status of research on the cultivation of creative ability of students in higher
education and to provide suggestions for further research.

2 Research Methods and Tools

2.1 Data Sources

In this study, the core data collection of Web of Science databases (including SCI and
SSCI) was used as the data source, and the search terms were “creative” and “higher
education”. The research direction is “Education Educational Research”, the literature
type is “Artistic”, and the language is “English”. The search period was from 2013 to
2024. 615 documents were selected as the sample for this study, excluding those that
did not fit the theme.

2.2 Research Methods and Tools

This study mainly used CiteSpace software for the econometric analysis of the data.
CiteSpace is a software that analyses domestic and international literature by visual-
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izing it [4]. By analyzing the literature through this software, we can understand what
the research history is and what the development trend is in the related fields. By
visualizing the structure, patterns and distribution of scientific knowledge, it is possible
to obtain the desired information more quickly[5].

Therefore, we used CiteSpace software to quantitatively and qualitatively analyze the
615 documents collected, and used bibliometrics and data visualization analysis meth-
ods to conduct an in-depth study of the original documents in terms of the year of pub-
lication, country distribution, institutional distribution, and keyword co-occurrence. The
development of research on the creative ability of achievement oriented education for
college students in the last decade was understood, and future hot research trends were
explored based on scientific knowledge mapping.

3 Research Results and Analysis

3.1 Changes in Publication Volume

The data analysis of the screened 615 documents according to the number of annual
publications can be obtained in Figure 1. The chart shows that between 2013 and 2024,
OBE oriented cultivation of student creativity in higher education has received much
attention from researchers. Among them, from 2013 to 2018, there was a continuous
slow growth in the number of posts, with an increase of only 20. 2019 to 2023 showed
a wavy growth trend, with more posts in 2019, 2021 and 2023. 2024 did not have a
large total number of posts as only 4 months had passed, but the overall trend can still
be seen to be upward.
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Fig. 1. Statistical distribution of annual number of publications

According to the background of the times, it can be seen that with the development of
artificial intelligence technology, the requirements for talent training in future education
have also changed. Students' creative ability is especially important, and education
should cultivate creative talents for the artificial intelligence era[6], and guide students
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to learn not only human-to-human cooperation but also human-machine collabora-
tion[7] in their study and work in order to better adapt to the development of the future
era. Therefore the cultivation of students' creative ability in higher education based on
the OBE background has received extensive attention from the academic and research
communities.

3.2 Country Distribution

We used CiteSpace software to visualize and analyze the countries of the615 papers
collected, and we obtained Figure 2. As can be seen from the figure, a total of 68
countries have made research on the cultivation of creative ability among college
students between 2013 and 2024, which is the majority of countries, and it is clear that
the cultivation of creative ability among college students is worthy of in-depth research.
In Table 1, we list the top ten countries and their number of publications. Among that
we can find that during the period of 2013 to 2024, USA has had the most attention in
this research with 86 publications, accounting for 13.9% of the total. It shows that USA
is at the forefront of research in this field. The following countries are the China(85),
Australia(84), England(76), Chinese Taiwan(46), Spain(48), Canada(25), Turkey(19),
South Korea(14), Israel(13), etc.It can be seen that research in this field requires a
certain economic construction foundation and a clear creation-related policy, and with
the support of the economy and policy, the creative ability of college students can be
better cultivated[8]. Secondly, these countries attach great importance to higher edu-
cation and creativity, especially China has been emphasizing the strategy of education
and science and technology[9], so there are many relevant documents to support the
cultivation of creativity for students in colleges and universities.

Table 1. Pubilshed number of top 10 countries

Number Country Published Number
1 USA 86
2 PEOPLES R CHINA 85
3 AUSTRALIA 84
4 ENGLAND 76
5 CHINESE TAIWAN 46
6 SPAIN 38
7 CANADA 25
8 TURKEY 19
9 SOUTH KOREA 14
10 ISRAEL 13

Through the visualization analysis, as in Figure 2, it can be seen The links between
countries are relatively close. Led by China, the United States and Australia, there are
close ties with other countries. This shows that in the era of knowledge economy, the
development of creative abilities of students in higher education has received common
attention worldwide, and this close cooperation will increase in the future.



Research on the Cultivation of Creative Ability of Students 363

NETHERLANDS
NORWAY
RUSSIA CROATIA SOUTHAFRICA
WALES, - SCOTLAND
PEOPLES R CHINA .
cyprus NEW ZEALAND,

AUSTRAL'A JABAN  FINLAND
\&/  TURKEY. gpain USA

\

SOUTH.KOREA ENGLAND
:CHINESE TAIWAN _ \Z{cayany

CANADA MALAYSIA ISRAEL  DENMARK
KAZAKHSTAN

SWEDEN

Fig. 2. Country co-occurrence knowledge graph

3.3  Analysis of Research Institution

In order to study the source and provenance of these articles in more depth, we used
CiteSpace to analyze the institutions that researched these articles, and Figure 3 shows
the occurring knowledge graph of the institutions. From Figure 3we can see that there
are many institutions that have researched the cultivation of creative ability among
college students. Among them, Univ Queensland, Queensland Univ Technol, East
China Normal Univ are leading the research. They are closely followed by Natl
CHINESE TAIWAN Univ sci & Technol, Natl CHINESE TAIWAN Normal Univ,
Griffith Univ, Univ sydney, Glasgow sch Art, Deakin Univ, Univ Hong Kong. We can
see that in China most of the research is done by normal university while in other
countries such as the USA and England, it is done by comprehensive universities.
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Fig. 3. Institution co-occurrence knowledge graph

Although there are many research institutions, we can see that there is not much
co-operation between institutions. For example, East China Normal Univ has some
co-operation with other institutions, but there is little co-operation between other insti-
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tutions. The research is about cultivating the innovation ability of college students, so
there are more studies on this in colleges and universities. However, it should not be
limited to the research in colleges and universities, but the enhancement of college
students' innovation ability is an inevitable trend in the future development of education,
which should attract the attention of the whole society, and it is suggested that the na-
tional education department organize more research in this field.

3.4  Analysis of Research Hotspots

Keywords are the emphasis and prominence of the core content of a paper, containing
the main research point, research object, research method [10] and so on. Generally
speaking, there must be some kind of correlation between keywords in the literature,
and this correlation can be expressed by the frequency of co-occurrence. Therefore, by
visualizing and analyzing the keywords through CiteSpace [11], we can learn the focus,
hotspots and research trends of the research in the field of information technology
applied to education.
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Fig. 4. Keyword co-occurrence knowledge graph

The keywords of 615documents can be seen by analyzing them through CiteSpace,
with a total of 278nodes,1311connecting lines, and a network density of (Densi-
ty)=0.034, which indicates that the centrality is strong(Figure 4). From the keywords
with word frequency over 20(Table2, Table3), the top five keywords are information
higher education (141), education (92), students (52), model (32), performance (29).

Combining the frequency and centrality of keyword appearances, the research
hotspots of information technology in education can be categorized as follows:

1) Education: the main keywords involved are higher education, education,
knowledge, classroom and so on. Under the backdrop of the new era, colleges and
universities should constantly update their education concepts, clarify their goal orien-
tation, establish and implement quality objectives based on social needs[12], and con-
tinuously optimize their talent training programmes and curriculum systems. Colleges
and universities, as the supplier of talents and the main position of training, should take
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the initiative to assume social responsibility, consciously change the concept of talent
training, change the mode of talent training[13], OBE oriented to pay more attention to
the students' learning methods, skills training, change the students' ideological concepts,
enhance the interest in learning and exploring, and change from the passive ‘supervised
learning’ to the active ‘self-conscious learning’, to strengthen the public practice of
learning, to strengthen the public practice of learning[14]. To strengthen the construc-
tion of public practice teaching platform. We should strengthen the construction of
public practice teaching platform. We should strengthen the practice teaching link,
reform the practice teaching method, create a good environment for innovation and
practice, realize the informatization of practice teaching[15], and let the students do
what they learn, do what they learn, so as to continuously stimulate the innovation
consciousness of the young students[16], improve the hands-on practical ability, and
cultivate the innovation and entrepreneurship ability.

Table 2. High frequency keyword frequency statistics

number keywords frequency number keywords frequency
1 higher educa- | 1 skills 2
tion
2 education 92 12 perceptions 20
3 students 52 13 knowledge 19
4 model 32 14 motivation 17
itical think-
5 performance 29 15 Fn fea n 16
ing
6 thinking 28 16 technology 15
7 science 25 17 creativity 14
creative think-
8 . 23 18 classroom 14
ing
di t
9 design 2 19 Hereen 13
thinking
10 achievement 22 20 engagement 13

2) Thinking: the main keywords involved are thinking, creative thinking, perceptions,
critical thinking, divergent thinking and so on. The cultivation of college students'
innovative ability needs to first help students broaden their learning horizons, increase
the content of knowledge available to college students[17], help students understand the
internal logic of innovative ability, and equip college students with the basic conditions
to carry out innovative practice. Enriching innovative knowledge reserves will help
students improve their ability to effectively use various types of knowledge[18], so that
the knowledge content of applied and basic disciplines can become an important driving
force to promote learning innovation, work innovation and practical innovation.
Strengthening the ideological education and guidance for the cultivation of college
students' innovation ability, helping college students to form a sense of innovation and
development, and realizing the long-term promotion of the cultivation of college stu-
dents' innovation ability[19]. Although some colleges and universities have built a
systematic education and service system for the cultivation of college students' innova-
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tion ability, some college students will not be able to maintain good professional quali-
ties of learning innovation and practicing innovation once they are out of the existing
education and learning environment[20]. Strengthening the ideological education and
guidance for the cultivation of college students' innovative ability, rooting the sense of
innovation, spirit of innovation and innovative thinking firmly in the minds of college
students, and making innovative practice an effective strategy for college students to
solve their learning problems, life problems and work problems[21].

3)Technology: The main keywords involved are science, design, skills, motivation,
technology, etc. OBE emphasizes the competence-based approach, and education
should provide students with the ability to adapt to future life. On the basis of innovative
thinking, students should master the necessary innovative skills in order to turn their
innovative spirit and consciousness into actual innovative behaviour[22]. Innovative
skills are tangible and visible, including general innovative skills and professional basic
innovative skills. Students have a strong sense of innovation and innovative spirit, but
also to train the basic general innovation skills and professional foundation skills, to lay
a solid foundation for innovative behaviour. Otherwise, how strong the innovative spirit
and innovative consciousness is no source of water, no wood, can not be put into action.

Table 3. High frequency keyword centrality statistics

number keywords centrality number keywords centrality

1 higher  educa- 5 1 skills 0.08
tion

2 education 0.32 12 perceptions 0.1

3 students 0.14 13 knowledge 0.05

4 model 0.1 14 motivation 0.08

itical think-

5 performance 0.07 15 ?r:;;ca thin 0.06

6 thinking 0.08 16 technology 0.02

7 science 0.06 17 creativity 0.03

i hink-

8 creative Tk o3 18 classroom 0.02
ing

9 design 0.04 19 divergent 0.03

g ' thinking '
10 achievement 0.06 20 engagement 0.04

4 Conclusion

In this study, CiteSpace was used to visualize and analyse the relevant literature on the
research on the cultivation of innovation ability of college students in the past ten years,
and to sort out the research hotspots. Based on above data analysis results, the fol-
lowing conclusions are obtained:

1. From the aspect of the annual publication volume, the number of publications in
this research in the last decade has shown a continuous growth trend. In 2012, the
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Eighteenth National Congress of the Communist Party of China (CPC) explicitly stated
that ‘scientific and technological innovation is a strategic support for improving social
productivity and comprehensive national strength, and must be placed at the centre of
the overall situation of national development’. We must adhere to the road of inde-
pendent innovation with Chinese characteristics and implement the innovation-driven
development strategy’. In terms of strategic positioning, innovation is placed in an
unprecedented position and rises to the level of national strategy.In 2019, with the
continuous development of artificial intelligence technology[23], the requirements for
the training of future talents have begun to change, and the education field has begun to
pay attention to the cultivation of the innovation ability of students in colleges and
universities. Therefore, the research literature on the cultivation of innovation ability of
college students has been growing gradually so far in 2019. In the future, the research on
the cultivation of innovation ability of college students will remain a continuously
growing trend.

2. From the aspect of countries and institutions, We found that the United States,
China, Australia and the United Kingdom have more research in this field and published
a large number of papers. Among the tertiary institutions in each country, research on
the development of innovation skills of tertiary students is dominated by the University
of Queensland and Queensland University of Technology in Australia and the East
China Normal University in China. As can be seen from the CiteSpace chart, there are
more links between countries than between major institutions. In future research, in
order to promote the cultivation and research of innovative talents in each country, the
cooperation and exchange between institutions, and between institutions and enterprise
organizations should be increased. The cultivation of innovative and entrepreneurial
talents in colleges and universities is closely related to enterprises, so it is necessary to
strengthen the cooperation between universities and enterprises to achieve the organic
combination of talent, knowledge and capital, and effectively promote the organic
connection between the talent chain and the industrial chain and innovation chain.

3. From the aspect of keywords, we divided the main keywords into three parts:
Education aspect, Thinking aspect and Technology aspect. The educational aspect is that
in the context of the era of intelligent technology development, colleges and universities,
as the main position of talent cultivation, need to constantly update the concept of ed-
ucation and continuously optimize the talent cultivation programme and curriculum
system. Taking OBE as the educational concept[24], it creates a good environment for
the cultivation of innovation ability for students in colleges and universities, and stim-
ulates students' innovation consciousness and ability. The thinking aspect refers to the
fact that on the basis of imparting various kinds of knowledge and enriching students'
innovative knowledge reserve, colleges and universities should let students form their
own innovative consciousness and innovative spirit with the guidance of OBE[25],
which emphasizes students' consciousness and autonomous behaviors that are internal-
ized in their hearts and externalized in their actions, and these autonomous conscious-
ness and thinking ability are tacit knowledge that cannot be easily expressed through
words, graphics and other concrete expressions, and they are also an important force of
innovation and change[26]. The technical aspect points out that education in colleges
and universities needs to provide students with the ability to realize their innovative
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consciousness, and the cultivation of practical ability is one of the essential elements of
innovation and entrepreneurship activities.The learning outcome in the concept of OBE
is the maximum ability that can be achieved after one stage of learning, and students can
only apply the learning outcome of one stage to practice after mastering the corre-
sponding technical skills[27], so that they can realize the scientific and technological
achievements into outputs, and compare the expected goals with the actual outputs,
which is the most important aspect of the cultivation process. actual outputs relative to
each other, and make continuous corrections to what is not done well in the cultivation
process and methods.

In summary, this paper uses CiteSpace software to visualize and analyse the research
hotspots and trends in the cultivation of innovation ability of college students, and puts
forward the research hotspots of OBE-oriented education concept and its application in
the cultivation of innovation ability of college students. In the future research, I think the
talent cultivation mode based on the OBE concept can provide new theoretical support
and scientific guidance for the cultivation of innovative talents in colleges and univer-
sities in China, so we should pay more attention to the cultivation of college students'
innovative ability and research, continue to update the educational concept and teaching
environment, and cultivate students' innovative thinking and ability with OBE as the
guidance.
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