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ABSTRACT
Scientific thought and work have been viewed as a creativity product since 1930, and 
scientist known as a person who conduct creative work according to the four P creative 
approach. The limited studies about systematic literature scientist creativity promote 
this research to examine research trends of scientist creativity. This study also identifies 
future research implications through qualitative systematic review. Through bibliometric 
and clustering keywords network analysis, this study explores the research trends related 
to scientist creativity from 2004 to 2020. Metadata from Web of Science Core Collection 
database collected and bibliometrics analysis was done to identify the most influential 
research area, country, and the research trend. Furthermore, co-occurrence keywords 
analysis, clustering network were created using Text Mining ‘TM’, Network Analysis 
Visualization ‘igraph’ packages in R software. Educational and education research was the 
most researched area while science and technology were the most influential research 
area. Clustering network were created and growth of each four cluster topic includes 1) 
Creativity Research, 2) Educational and Innovation, 3) Art and Creative Process, 4) History 
and Philosophy of Science were discussed over the time. The first cluster covers creativity 
research within and between individuals. The second cluster covers the connection between 
education and innovation where researchers promote creativity in the education sphere 
leading to innovative products. The third cluster covers arts as the significant domain of the 
creative field. The fourth cluster covers the history and Philosophy of Science.
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Introduction
Creativity is an important aspect in all disciplines, particularly in the scientific field, it is a necessary competence for 

scientists (Tang & Kaufman, 2017). According to Simon (2004), a science researcher’s success is often defined by the 
number of publications which is a result of creative output. Although creativity can be applied across all disciplines, only 
a few scholars from specific domains (For example, engineering field) conduct studies in the context of creativity (Plucker, 
2017). However, there has been a growing interest in studies on creativity in science since the 1980s (Tang & Kaufman, 
2017). In recent years, several research studies focusing on creativity have been conducted. A recent study by Long and 
colleague (Long et al., 2014) analyzed productivity and performance of creativity research studies between 1956 and 
2012, and reported a significant increase in creativity research, with four journals published between 1990 and 2010. 
However, the number of citations for the research papers published during this period was low, indicating a difference 
in research impact between the early and later period (1990-2010). Previous studies analyzing creativity research trends 
also conducted by Feist and Runco in the period of 1968-1989 (Feist & Runco, 1993); Beghetto, Plucker, and MaKinster 
in the period of 1968-1989 (2001), Nemeth and Goncalo in 1981-1990 (2005), and Plucker and colleagues in the 
period of 1998 to 2002 (2004). The earliest study on creativity research was conducted by Zhang et al. (2015) between 
1992 and 2011. However, the study was faced with some limitations including limited time, and inadequate electronic 
databases, therefore a limited range of journals related to creativity. To address the shortcomings in the previous studies, 
Plucker and colleagues proposed reports to be included for in a creative research which are, 1) a definition of creativity 
used, avoiding the rigid definition of variable outcomes of creativity as creativity measure, 2) address the context and 
subject of creativity being used (Plucker et al., 2004) So far, there are no comprehensive studies on scientist creativity 
trends, limiting further research on science creativity in individual disciplines.

This study aims to examine the thematic trends of research about scientist creativity, through a systematic analysis of 
the keywords used in academic publications from 2004 to 2020, in an analysis of 990 articles. The following questions 
guided the analysis of this study:

RQ 1. How was the trend on scientist creativity research between 2004 and 2019?
RQ 2. How was the impact on scientist creativity research across areas?
RQ3 3. What were the thematic clusters of keywords used on the research of scientist creativity?

The Concept of Creativity
The word creativity has been in existence since 1930, by Patrick to describe the creative thought of poets, artists, 

and scientific thought (1935, 1937, 1938). The study of creativity started to intensify in 1950 and continued to grow 
throughout the decade, with Guilford being a great contributor who proposed the classification of creativity as an 
empirical phenomenon (Kaufman, 2016). According to Baer & Kaufman (2006), Guilford’s contributions were 
adequately presented in articles that were published between 1994 and 2003. Guilford’s model of creativity consists 
of four components which include fluency, flexibility, originality, and elaboration which refers to divergent thinking. 
Furthermore, Sternberg started his study in 1984 and focused on the triarchic theory of intelligence, which further 
brought forth more understanding of the concept of creativity using three models; intelligence, cognitive style, and 
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personality, or motivation (Dai & Sternberg, 2004; Sternberg & Sternberg 1998; Sternberg et al., 2001). Despite these 
converging views, many recent researchers nowadays argue that creativity is more than divergent thinking (Kaufman, 
2016; Runco, 2008; Runco & Jaeger, 2012). In 2004, Plucker et al. (2004), also stated in subsequent creativity study that 
researchers should define creativity, discuss how the words they use to describe creativity are used, discuss how they are 
different from other provided definitions, and answer the question on how this creativity occurs and in which context. 
They also examined and analyzed journals related to creativity published between 1998 and 2002. According to the 
result, the concepts of creativity that were observed is the explicit definition of uniqueness and usefulness. This means 
that many scholars require creativity to have originality and effectiveness, where effectiveness also means usefulness and 
appropriateness (Runco & Jaeger, 2012; Smith & Smith, 2017).

The creative research discussion should also show where the creativity definition takes place. The four P approach 
which consists of product, process, person, and press (or environment) are the approaches that help to understand major 
creativity theories (Kaufman, 2016). The analysis of creativity aspects using the four P is also used to classify creativity 
measurement (Haase et al., 2018). For instance, creative products as the most studied and measured aspect focused on 
creative contributions such as painting, designing, and scientific experiments which are usually tangible objects (Kaufman, 
2016). The creative products can be measured using instruments such as Urban’s Test of Creative Thinking Drawing 
Production (Haase et al., 2018) or Amabile’s college test (1982) and measured under the expert agreement. The approach 
to the creative process typically focuses on the orientation of the cognitive component, the idea of how people think 
creatively (Blair & Mumford, 2007; Kaufman, 2016; Mumford et al., 1991; Rothenberg, 1988; Wallas, 1926). Sternberg 
and Lubart (1966) proposed a list of variables that represent the creative person that included, intelligence, knowledge, 
personality, environment, motivation, and thinking styles. Amabile (1982, 2016) also proposed three variables needed for 
creativity which include dominant-relevant skills, creativity-relevant skills, and motivation toward the task. Lastly, creative 
press or creative environment which usually refers to how an environment influences group creativity (Kaufman, 2016).

Bibliographic and Keywords Network analysis
Bibliometric analysis of published work is a method used to evaluate scientific research trends and to show the 

disposition of scientific disciplines (Zhang et al., 2016) Bibliometric analysis has been used to examine historical research 
development in specific fields and is significant in discovering trending topics within the fields. Further, bibliometric 
can be used to track the performance of scientific research publications both quantitatively and qualitatively by decision-
makers (Ellegaard & Wallin, 2015). For instance, many scholars have used bibliometric methods such as in the medical 
field (Iftikhar et al., 2019), engineering, and management (Wang et al., 2020) creativity in the field of business and 
economy (Castillo-Vergara et al., 2018). Databases from web-based citation indexing such as Web of Science (WoS), 
Scopus, Google Scholar increase the scope of analysis because they list various sets of information regarding published 
research work such as the name of the author, keyword used, research area, cited reference. Specifically, Web of Science 
provides the journal with Social Science Citation Index (SSCI), Arts and Humanities Citation Index (A&HCI), Science 
Citation Index Expanded (ECI-EXPANDED), and Emerging Sources Citation Index (ESCI) (Clarivate Analytics, 2020). 
Furthermore, citation analysis can be used as a convenient way of investigating the impacts of research and individual 
research (Frandsen et al., 2005; Waltman et al., 2012; Weingart, 2005).
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Network analysis (NA) of keywords co-occurrence has been gaining importance in investigating summary 
information in a research field. It is performed based on bibliometric research database; some also uses authors’ relation, 
titles or abstracts of papers, and cited relations (Van Eck & Waltman, 2014) Network analysis using co-occurrence 
keywords shows existing relationships between keywords and reveal structure and development in the research field. 
Further, co-occurrence keyword network analysis provides information such as the distribution of keywords, degree 
distribution, clustering (community detection within selected keywords), and analysis to gain understanding about them 
(Lozano et al., 2019). To understand the knowledge structure of the field, the clustering algorithm is used (Lozano et al., 
2019). Kleinberg’s Hub Centrality can be used to evaluate connectivity (Kleinberg, 1999; Bakillah et al., 2015). Previous 
studies used fast-greedy optimization of the popularity (FGM) clustering algorithm to classify the data (Gardner, 1993; 
Luo et al., 2015). In a nutshell, interpreting co-occurrence within keywords can be insightful in revealing relations in the 
complex network (Lozano et al., 2019).

Methods

Data Collection
A total of 990 publications for the period between 2004 and 2020 were collected from the Web of Science Core 

Collection, an online academic search database. Data were extracted on the 26th of July 2020 using search query design; 
1) Search Topic for ‘scientist’ AND ‘creativity’ NOT ‘creative’, and 2) Search Topic for ‘scientist’ AND ‘creative’ NOT 
‘creativity’. The search yielded a total of 335 and 655 publications from both criteria receptively. The data was exported 
and merged into an excel sheet.

Keywords of creative and creativity were chosen based on the similarity of meaning; where creative scientists intended 
to search ‘a person who is creative’ or ‘product of creativity by scientist’, while scientist creativity intended to search ‘the 
process or production of creative work’. Furthermore, scientist creativity terms will be used in the following study. Using 
search query based on ‘Topic’ was chosen to find records of keyword scientist creativity in the Title, Abstract, Author 
Keywords, and Keywords Plus.

Data Analysis
From the search query on Web of Science Core Collection database, publication years, title, keywords (offered by 

author), the sum of total citation, research area, and the country showed up as metadata (Fig. 1.1). For authenticity, author 
keywords were chosen for keyword analysis. Metadata were imported to RStudio software version 3.5.3 (Fig. 1.2). 
Data preprocessing was done using Text mining ‘TM’ package by transforming the keywords to lowercase, removing 
unnecessary words (‘and’, ‘the’, ‘for’) and stop words (commonly words used in English), removing punctuation, and 
replacing similar meaning words (Fig. 1.3). The term frequency (tf) was calculated to determine the number of times 
words that occurred in a document and the term-document matrix (tdm) was created for further analysis (Fig. 1.4). 
Only the words that appeared (frequency) more than 14 times were selected for the network analysis. Furthermore, the 
undirected network with zero diagonal of the matrix in the calculation was generated, and the quantity of centrality 



Bibliometric and Clustering Keywords Network Analysis of Scientist Creativity Research

Brain, Digital, & Learning. 2021 Vol. 11 No. 4 567

was measured using iGraph package. Network are created based on the extracted co-occurrences keywords (Fig. 1.5). 
Vertices (or nodes) indicate individual words unit while edges indicate the connection of vertices. The sizes of the 
verticles in the network plot are set based on hub scores (Kleinberg’s hub centrality scores), 14 times from normal size. 
Cluster analysis of keyword-based networks was done to identify group clusters or density of the subgraph by directly 
optimizing a modularity score to find dense subgraphs (Fig. 1.6). The publication trend in each cluster keywords was 
computed. Bibliometric analysis results from the metadata were also used to find the general view about scientist 
creativity from top articles, research areas, and countries.

Fig. 1. Clustering keyword-based network analysis

Fig. 2. Total number of publication and number of citations between 2004 and 2019

Results

RQ 1. The Research Trends about Scientist Creativity
Bibliometric Analysis

During the period between 2004 and 2019, the cumulative number of published articles on the scientist creativity 
increased gradually with its peak in 2017 (138 publications). The number of publications citations also increased 
substantially over the period with the highest increase being experienced between 2016 and 2017. This citation analysis 
can be used as an indicator of the impact of publication traditionally, and the developing research trend.
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Table 1. Top 10 most frequently researched area
No Web of Science research area Records Percentage
1 Education Educational Research 110 9.03%
2 Arts Humanities Other Topics 70 5.75%
3 Science Technology Other Topics 64 5.25%
4 Psychology 48 3.94%
5 Environmental Sciences Ecology 47 3.86%
6 Business Economics 45 3.69%
7 Chemistry 44 3.61%
8 History 42 3.45%
9 History Philosophy of Science 39 3.20%
10 Engineering 38 3.12%

A total 110 publications were recorded in the education, and educational research category (9.03%), which fell in the 
social sciences category. Arts and humanities and other related topics constituted 5.57% while science technology topics 
were 5.25%. Table 1 shows the 10 most frequently researched areas on the topic of scientist creativity between 2004 and 
2020. Among the publications, which covered 76 different countries, most of the publications originated from the USA 
(26.78%) followed by Russia (14.75%), England (7.02%), and Germany (5.97%).

The total number of citations recorded from the Web of Science Core Collection listing the number of publications 
cited in the database, showing the reference of the research and impact of publications. Table 2 shows the most cited 
publications in the scientist’s creativity topic, each column showing the top 5 most researched areas from 2007 to 2020. 
According to the data, the publication with the greatest impact was also found in the area of science and technology 
followed by environmental science and ecology.

RQ 2. The Impact on Scientist Creativity Research across Areas
According to the records, the most researched area is education. Our results showed a high number of creativity theory 

frameworks used in analyzing learners, and creativity researchers who have contributed to the study of constructivism 
during learning and teaching (Plucker et al., 2004). Therefore, it is not surprising that creativity study is spread in the 
cognitive psychology and education areas (Kaufman, 2016), For instance, creativity regarding intellectual ability (Hofstee 
et al., 1992; Park et al., 2007), personality (Baer & Kuafman, 2006; Feist, 1998; Hofstee et al., 1992), and cognitive 
development (Patrick, 1938). Additionally, the number of science creativity topics in the educational area shows 
consistent interest in the research on creativity study as a creative process. For example, the selected articles (Table 2) 
shows educational intervention studies for students studying nature of science using metacognitive prompts embedded 
within experimental students’ groups which use aspects of nature of science that apply scientist creativity to explain 
event using evidence (Peters & Kitsantas, 2010). Further, Art and humanities, and science - technology - research areas 
showed interest in the creative process and creativity products from a scientist. Based on our analysis, it is evident that 
creative innovations made by scientists have a higher frequency within research areas as well as a greater impact, and the 
nature of the research is replicable. Selected articles from the psychology area discussed changes within psychological 
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Table 2. Most cited in web of science core collection
No Times 

cited* Research area Publication Title Publish 
year

1 38 Education & Educational Research The Effect of Nature of Science Metacognitive 
Prompts on Science Students' Content and Nature 
of Science Knowledge, Metacognition, and Self-
Regulatory Efficacy

2010

2 27 Arts & Humanities - Other Topics Gut Buddies Multispecies Studies and the 
Microbiome

2016

3 207 Science & Technology - Other Topics Inspirations from biological, optics for advanced 
phtonic systems

2005

4 41 Psychology Implications of the Credibility Revolution for 
Productivity, Creativity, and Progress

2018

5 135 Environmental Sciences & Ecology Landscape ecology in North America: Past, present, 
and future

2005

Fig. 3. Network of creative scientist keywords study

science standards on scientific claim impacting creativity and discussed scientists’ rate of scientific progress (Vazire, 
2018). Articles selected from the environmental sciences and Ecology area discussed the development of ecology that 
was introduced by a scientist in North America which requires a creative insight.

RQ 3. Clustering Network Analysis
The result of keyword network analysis shows 64 words extracted which is appeared more than 14 times (frequency). 

As a result, ‘Science’, ‘Research’, and ‘Education’ keywords were the most frequent words with high connection (degree) 
with other keywords and high connectivity between pairs of edge weight for each vertex (strength). These keywords also 
become the central of vertex according to the betweenness centrality. Following that, keywords ‘Scientific’, ‘Creativity’, 
and ‘Art’ are the most frequent keywords in overall. Furthermore, keywords ‘Technology’, ‘System’, and ‘Training’ 
also lies as important keywords because it connecting many vertex in the nodes with high betweenness centrality. The 
visualization of network is presented in Fig. 3 and most frequently used keywords and its centrality scores are presented 
in Table 3.
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The clustering network analysis of related keywords based on modularity score was done and yielded four clusters. 
‘Research’, ‘Creativity’, ‘Learning’, ‘Collaboration’, and ‘Training’ were the five most frequent keywords in cluster 
one, which was about Creativity Research. The second cluster was about innovation in education, the most frequent 
keywords were, ‘Culture’, ‘Method’, ‘Literature’ after ‘Education’ and ‘innovation’ as the most frequent. The third cluster 
was about arts and creative process by the appearance of keywords ‘Art’, ‘Creative’, ‘System’, and ‘Development’. The 
fourth cluster was about history and philosophy of science (HPS), frequent keywords included ‘Science’, ‘Scientific’, 
‘History’, and ‘Philosophy’.

Fig. 4 shows the research trend from the most frequent keywords in each cluster related to scientist creativity from 
2004 to 2020. Overall, the rapid increase between 2012 and 2014 in each cluster with cluster 4 taking lead during 
the entire period. According to the data, keywords ‘Science’ ‘Scientific’ and ‘History’ contributes majorly to the rapid 
increase in between 2014 and 2017. Although the overall pattern was similar, the trend shows that scientist creativity is 
more extensively researched in the history of science field it shows that the trend of research about history of science in 
the topic of scientist creativity higher than in the other fields.

As shown in Fig. 4, the following five idea cluster about scientist creativity research:
Cluster 1: Creativity Research
‘Research,’ ‘Creativity,’ ‘Learning’ and ‘Collaboration’ had the highest number of nodes (frequency and degree) in 

this cluster. These nodes also represent the most important keywords of network within this cluster. Research about 
creativity is often associated with learning and training as cognitive progression within an individual and collaboration 
as a cognitive progression between individuals. Therefore, this cluster is linked with the creative environment such as 
collaboration and management. However, this does not imply that creativity exclusively applies to higher education, it 
is also applied in other fields such as health. Keywords ‘Medicine’ in this cluster have higher number of betweenness 
centrality which implies this node is crucial for the network flow. For instance, one of the publications containing 
these keywords was an intervention study for biomedical science students to develop creativity learning (Brooks et al., 
2014). In this case, a research gap was found regarding the role of creativity in reflective ability and critical thinking for 
biomedical students.

Fig. 4. The trend of keywords in Each Group
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Cluster 2: Education and Innovation
The perception that creativity is a necessary skill in the 21st century encourages educational practitioners to train a 

creative workforce. Education can be a systematic tool for promoting creative thinking leading to innovative products. 
For instance, OECD's Programme for International Student Assessment (PISA) 2021 will include creative thinking in 
their assessment because it is now believed that creative thinking leads to innovation. A study by Gali and colleagues 
(2019) showed conditions and factors that affect linguistic students’ abilities for creative achievement. Another study 
investigated program effects that led female students to choose a STEM career (Bamberger, 2014). Apart from 
being a tangible competence, creative thinking is also an essential learning skill that can improve students’ abilities, 
metacognitive capacity, problem-solving skills, and future success (OCED, 2021). Therefore, this is an important 
research area and scholars should be encouraged to learn about creativity in the education field. Based on this analysis, 
we can conclude that creative thinking has a major role in education, and education also plays a major role in creative 
thinking.

Cluster 3: Art and creative process
Creativity is domain-specific, as demonstrated by its performance assessment of creativity (Patrick, 1938). For a 

long time, arts have been significant domains of creativity and novices may perceive creativity to only revolve around 
arts. In this cluster network analysis showed that arts connect with the creative system, including ‘development’, ‘social’, 
‘technology’ and ‘media’, with strong density connections each other from the network. The example of this cluster 
analysis reveals an opportunity in building an art system as interdisciplinary work that can be explored by scientists 
(DiPaola, 2016).

Cluster 4: History and Philosophy of Science
Philosophy of science concerns with the method and implication of science and is never detached from the way 

scientists think and innovate. The research about scientist creativity in philosophy and history areas clearly shows the 
contributions of creative process for scientists. According to Licona and Kelly (2018), the history and philosophy of 
science are valuable and their impact on creative thinking. The studies on scientific practice are expected to produce 
knowledge on how science is conducted, proposed, communicated, and evaluated. Therefore, this cluster showed the 
network on science as the empirical study that could be seen from an educational and historical perspective with its 
issues with pedagogy and society.

Conclusion
This study presented a bibliometric and clustering keyword network analysis on scientist creativity from 2004 to 

2020. Using a total of 990 publications from two search queries in the Web of Science, it was noted that the number of 
publications about scientist creativity topic has been increasing gradually over the years. The number of times this topic 
has been cited has also increased exponentially, with the highest number of citations in 2016 and 2018.
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Most of creativity theories and frameworks were applied in the education and psychology research areas because they 
follow the famed history of creativity study, which defines creativity as divergent thinking. However, this study found 
that the science and technology research area was the most impactful field as demonstrated by the number of citations. 
The present study, classified scientist creativity into four major clusters. The first cluster covers creativity research within 
and between individuals. The second cluster covers the connection between education and innovation where researchers 
promote creativity in the education sphere leading to innovative products. The third cluster covers arts as the significant 
domain of the creative field. The fourth cluster covers the history and Philosophy of Science.

Significant and Limitation
Bibliometric and clustering keywords network analysis offers the possibility to shows show various themes related 

to research topics and the development of trends related to scientist creativity. In addition, the result also provides 
recommendations for future work and the visualizing trends in the field of science from published articles. According 
to the result, this study also detected the biggest impact on the educational research field, which can be significant to 
relevant practitioners and researchers. An understanding of interdisciplinary study among various disciplines provided in 
this study perhaps can help strengthen the fundamental concept of scientist creativity.

The process to identify thematic trends used the words as the unit of analysis. There are several limitations to this 
analysis. First, researchers need to find and correct related words manually. For instance, the words "collaborations" 
should be replaced with "collaboration" so that the analysis could account for these words as the same term. This method 
was done iteratively by calculating every term frequency (tf) of words used, sorting words, and replacing words, and 
finally creating a term-document matrix (tdm). Second, this analysis used all the words regardless of part of speech. 
Therefore, every keyword would be detected equally and threaten for content analysis. Lastly, the result of this study 
would not grasp the definition of scientist creativity, but only identify the relational structure between keywords from 
research related to scientist creativity.
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