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 Mathematical creativity is one of the most fascinating research topics in 

mathematics education. Following preferred reporting items for systematic 

reviews and meta-analysis (PRISMA) data retrieval protocol, a total of 235 

related publications published from 1994 to 2004 were retrieved from 

Scopus database. By using Microsoft Excel and VOSviewer, bibliometric 

analysis was performed to comprehensively capture the research trends in 

the field of mathematical creativity. The results revealed that the publication 

and citation trends have been rising over time. The publications were 

dispersed throughout the five continents. The United States is the most 

prolific and influential nation, with the greatest number of publications,  

g-index and h-index. Eight research foci have been identified, namely:  

i) student mathematical creativity and their achievement; ii) assessment of 

students’ mathematical creativity in geometry problem solving; iii) eliciting 

mathematical creativity; iv) mathematical creativity process; v) assessing of 

convergent and divergent thinking of gifted students; vi) pre-service teacher 

mathematical creativity in problem posing and with the aid of technology; 

vii) mathematical creativity tasks; and viii) mathematical creativity in early 

childhood. Overall, the findings of this bibliometric analysis are expected to 

guide researchers in understanding the research pattern over time. This study 

also provides direction for future research on mathematical creativity. 
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1. INTRODUCTION 

In the era of rapid technological advancement, mathematical creativity has gained increased 

attention in mathematics education [1]. Previously, creativity was associated only with the arts and literature, 

but these days, creativity is meaningfully integrated into science, technology, engineering, and mathematics 

(STEM) subjects, particularly mathematics. Mathematical creativity has emerged as the prerequisite for 

mathematical learning as it is essential for problem-solving and idea generation [2]. Mathematical creativity 

can be understood as the ability to solve problems from different perspectives by generating multiple novel 

solutions [2]. At the school level, mathematical creativity is important for solving non-routine  

problem-solving [3]. Students need to generate new ideas or multiple solutions to solve problems [4] when 

dealing with mathematical problem-solving. Hence, mathematical creativity guides students to view and 

analyse problems through different approaches, relate the problems with suitable mathematical concepts, and 

select the best way to solve unconventional problems [3]. Therefore, mathematical creativity is inextricably 

linked to problem-solving [2], [3] and is essential to help students make sense of mathematics and apply 

https://creativecommons.org/licenses/by-sa/4.0/
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mathematics meaningfully in everyday life [1]. As a result, mathematical creativity has been incorporated 

into the mathematics curriculum since primary education.  

In recent decades, fostering mathematical creativity in education has attracted growing interest, and the 

research on mathematical creativity is growing [5]. In view of the research on mathematical creativity, 

numerous facets and underlying theoretical assumptions on mathematical creativity have been studied [5]. For 

this reason, researchers in mathematics education strats to sort and map previous studies to identify the research 

gap [5] by conducting systematic literature review (SLR) and meta-analysis (MA). The SLR involves fewer past 

studies for review [6], and provides a comprehensive summary of the existing literature in past studies on 

narrow and specific research questions [7]. To understand the concept of mathematical creativity, a SLR was 

performed to depict the five predominant notions of creativity identified in past research from 2006 to 2019 [5]. 

On the other hands, MA handles larger volumes of past literature and summarising the empirical evidence by 

analysing the relationship between variables in past studies [7]. Several researchers have carried out a MA of 

the literature pertaining to mathematical creativity to investigate the relationship between mathematics 

achievement and mathematical creativity [8], and analyse the effectiveness of using problem-based learning on 

Indonesian students’ creative mathematical thinking [9]. 

Notably, SLR and MA are usually focused on a smaller, curated selection of studies due to the 

practical constraint to provide deep insights into specific research questions or interventions. Thus, it cannot 

be used for research trend identification. Due to the broad-spanning and heterogeneous research on 

mathematical creativity, it is crucial for researchers to comprehend and have a deep understanding of 

research on mathematical creativity for planning future research. With this regards, bibliometric analysis 

could be used to discover the research trend becuse large volumes of literature and large quantities of 

bibliometric data can be handled and summarised by bibliometric analysis [7]. Specifically, the bibliometric 

analysis examines publication patterns, authorship trends, citation networks, and research impact within a 

body of literature in past studies, whereby the publication and citation trends indicate research growth, 

whereas the geographical distribution of publications identifies the research gaps [10]. Hence, bibliometric 

analysis is a more effective method to identify knowledge gaps and present emerging research trends in 

mathematical creativity. 

In the past, bibliometric analysis has been conducted to determine the most most prolific authors and 

journals and thematic evolutions from 2002 to 2022 [11]. In contrast to the findings of Saefudin et al. [11], 

this study aims to depict the research patterns and trends of mathematical creativity from 1994 to 2024 

through bibliometric analysis, which involves a more inclusive database. Furthermore, a keyword  

co-occurrence analysis will be conducted in this study to identify the research foci in mathematical creativity, 

which will help to determine the research gaps and determine the direction of future research. Although 

bibliometric reviews in education have increased in recent years [12], [13], bibliometric analysis on 

mathematical creativity is still sparked, and there is a lack of study on identifying research foci in 

mathematical creativity. Therefore, this study is conducted to profile the research landscape on mathematical 

creativity from 1994 to 2024 and highlight the research foci in mathematical creativity, which will help to 

determine the research gaps and the direction of future research. Specifically, the research questions 

addressed in this study are as: 

− What is the current publication trend of research related to mathematical creativity? 

− What is the geographical distribution of the publication related to mathematical creativity? 

− What are the research foci on mathematical creativity? 

 

 

2. METHOD 

2.1.  Data collection and retrieval 

 The document search and refinement process adhered to the preferred reporting items for systematic 

reviews and meta-analysis (PRISMA) statement, which consisted of four stages: identification, screening, 

eligibility, and inclusion [14]. This study used the Scopus database to conduct the bibliometric analysis, 

where the data related to “mathematical creativity” were extracted from the Scopus. This study started with 

the search for relevant publications. Before the search, the commonly presented keywords for “mathematical 

creativity” were identified, such as ‘mathematical creativity’ and ‘mathematics creativity’. The search scope 

was restricted to works published from 1994 until 2024. In addition, the search scope was limited by subject 

area for better document search efficiency. In this context, the search focused on ‘mathematics’ and 

‘education’ as mathematics creativity is in the field of mathematics and education is in the field of social 

science, whereby only publications related to “mathematical creativity” and “mathematics creativity” would 

be shortlisted. In this stage, 1085 publications were identified through three search strings, as shown in 

Figure 1. Since there were 187 duplicates, 898 papers were assessed for screening after eliminating the 

duplicates. During the screening process, the researchers manually evaluated the publications’ titles and 
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abstracts to determine those that met the inclusion requirement, which focused on mathematical creativity. 

After being screened, 235 publications were exported in “comma-separated value (CSV)” format and 

“research information systems (RIS)” format. These files would be included in the bibliometric analysis. 

 

 

 
 

Figure 1. Data collection process 

 

 

2.2.  Data analysis 

A descriptive analysis of the bibliometric data retrieved from the Scopus database was carried out to 

identify the current trend in publications on mathematical creativity. With the aid of Microsoft Excel, graphs 

showing the total number of publications and the cumulative publications for every year were created. To 

examine the citation trend of publications related to mathematical creativity, the data retrieved from Scopus 

was first sorted by year. Then, a global map showing the publication’s distribution was created with the aid 

of Microsoft Excel to track the global distribution of the publication. In addition, average citation per 

publication (C/P), average citation per cited publication (C/CP), g-index, and h-index for each country were 

calculated using Microsoft Excel and Harzing’s Publish or Perish. Besides, the network visualization and 

overlay visualization map that displayed the pattern of cooperation across the countries were then created 

using the VOSviewer. The keywords co-occurrence analysis was performed to discover the research foci on 

mathematical creativity. In this step, the author’s keywords were extracted from the database, and then data 

pre-processing was carried out before conducting keyword co-occurrence analysis. During the data  
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pre-processing, the keywords appeared as spelling variants (e.g., ‘creativity’ and ‘creativity’) and synonyms 

(e.g., ‘mathematical creativity’ and ‘creative mathematics thinking ability’) were standardized. Once the data 

pre-processing was completed, the keyword co-occurrence network was generated through the VOSviewer, 

and the keywords in the network that clustered together could be used to identify the research’s foci. 

 

 

3. RESULTS AND DICUSSION 

3.1.  Results 

3.1.1.  Publication trend 

From 1994 to 2024, a total of 235 publications were produced. Most were journal articles (73.28%), 

followed by book chapters (12.50%), conference papers (8.62%), review articles (3.45%), conference 

reviews (1.29%) and books (0.86%). The annual publications from 1994 to 2024 were displayed as a bar 

graph in Figure 2. The year with the most publications throughout this period was 2022, with a total of 33 

publications, followed by the year 2023, with a total of 25 publications. A significant increase in publications 

was observed in 2009, 2013, and 2022. Prior to 2009, there were at most six publications yearly. Compared 

with prior years, 2009 (n=16) witnessed over double the number of publications (n=16). The growth pattern 

of the publications was represented on a cumulative frequency graph, as displayed in Figure 2. With a steeper 

slope from 2009 to 2024 than from 1994 to 2008, the upwardly concave curve suggests an increasing 

publication tendency over time. The growth pattern indicated a sharp increase in research on mathematical 

creativity since 2009. 

 

 

 
 

Figure 2. Publication from 1994 to 2024 

 

 

3.1.2.  Geographical distribution of the publications 

The publications on mathematical creativity distributed across 52 countries from several continents 

were stained with colours of varying intensities, including North America (5), Asia (17), Europe (23), 

Oceania (1), and South America (3). As shown in Table 1, there were 5 countries with at least 10 publications 

on mathematical creativity. These country is located in North America (United States), Asia (Israel and 

Indonesia) and Europe (Turkey and the United Kingdom). These 5 countries contributed over half of the total 

publications. In addition, these 5 countries recorded a high citation rate. Among the countries included in the 

dataset, the nation with the most outstanding research impact was the United States (h-index=19 and  

g-index=38). This record implied that out of the 49 cited publications in the United States, at least 19 had 

received at least 19 citations. Furthermore, the United States had at least 38 cited publications, which added 

up to a minimum of 1,444 (382) total citation counts. This was followed by Israel with an h-index of 14 and a 

g-index of 28. Moreover, the Netherlands recorded a total of 6 publications and 6 cited publications, with an 

h-index of 6 and a g-index of 6. The data shows that each of the 6 papers published in the Netherlands 

received a minimum of 6 citations. 
 

 

Table 1. Countries with more than 10 publications 
Country TP (%) NCP TC C/P C/CP h g 

United States 59 (25.11%) 49 1469 24.90 29.98 19 38 

Israel 36 (15.32%) 28 785 21.81 28.04 14 28 
Indonesia 20 (8.51%) 13 201 10.05 15.46 7 13 

Turkey 11 (4.68%) 8 55 5.00 6.88 5 7 

United Kingdom 11 (4.68%) 8 224 20.36 28.00 5 8 

Notes: TP–total number of publications; NCP–number of cited publications; TC–total citations; C/P–average citations per publication; 
C/CP–average citations per cited publication; h–h-index; and g–g-index. 
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3.1.3. Research foci 

To identify the research foci of mathematical creativity, the keyword co-occurrence analysis was run 

by using VOSviewer. The analysis included 28 keywords that surpassed the co-occurrence threshold of three. 

Based on the keyword co-occurrence network shown in Figure 3, the nodes represented the keywords, whilst 

the edges represented the co-occurrence of the keywords. From the network, the largest node was 

mathematical creativity, followed by problem-solving, problem-posing, and mathematics, with almost  

equal-sized nodes. Regarding the edges, the keyword pairs ‘mathematical creativity and problem solving’, 

‘mathematical and problem posing’, as well as ‘mathematical creativity and mathematics’ showed relatively 

thick edges. This scenario indicated a significant correlation between them [15]. As illustrated in Figure 3, 

the 28 keywords were categorised into clusters, each represented by a distinct colour and referring to a 

research focus. In this context, the red cluster was recorded as the largest cluster with six keywords. This 

cluster reflected the research focus on ‘student mathematical creativity and achievement’. This was followed 

by the green and blue clusters, each with five keywords. In the green cluster, the node sizes of ‘problem-

solving’ and ‘mathematics’ were larger than other cluster nodes. Thus, these keywords reflected the research 

focus, ‘assessment of students’ mathematical creativity in geometry problem-solving. 

The blue cluster comprised five terms, with the node size of ‘mathematical creativity’ being relatively 

bigger than the other nodes in the cluster. Therefore, this cluster of keywords indicated the specific area of 

research known as ‘eliciting mathematical creativity’. The next cluster was the yellow cluster with four 

keywords, in which all the nodes in the cluster had almost the same size. Subsequently, the yellow cluster 

represented the research emphasis on the ‘mathematical creativity process’. The light blue cluster consisted of 

three keywords, whereby ‘problem-posing’ was the largest node in this cluster. Therefore, this cluster implied 

a specific area of research on ‘pre-service teacher mathematical creativity in problem posing’. Moreover, the 

purple cluster was also comprised of three keywords. The node of ‘gifted education’ was relatively larger than 

other nodes. Thus, the purple cluster reflected the research focus, ‘assessing convergent and divergent thinking 

of gifted students’. The smallest clusters in the network were the orange cluster and brown cluster with only 

one keyword. The orange cluster represented the research focus of ‘mathematical creativity tasks’, whereas the 

brown cluster represented the research focus of ‘mathematical creativity in early childhood’. 

 

 

 
 

Figure 3. Keyword co-occurrence network (occurrence threshold ≥3) 

 

 

3.2.  Discussion 

This study is conducted to profile the research landscape on mathematical creativity from 1994 to 

2024. While past studies have determined the most prolific authors and journals and thematic evolutions from 

convergent thinking 

creative thinking ability 

open-ended tasks 
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2002 to 2022, they have not captured the research foci will help to determine the research gaps and future 

research direction. The findings of this study are discussed in the following sections. 

 

3.2.1. Publication trend 

The findings reveal a rise in the quantity of publications related to mathematical creativity. This 

finding is consistent with the past study done by Saefudin et al. [11], which indicated a significant growth in 

the quantity of academic publications on mathematical creativity between 2002 and 2022. According to 

Joklitschke et al. [5], mathematical creativity has gained increased interest among researchers, and 

mathematical creativity has been seen as one of the research priorities in the field of mathematics. In fact, 

mathematical creativity is crucial for solving non-routine problems and coming up with genuine ideas [16]. 

In addition, mathematical creativity allows students to make sense of mathematics and apply it meaningfully 

[1]. Furthermore, the OECD [17] revealed that students with sophisticated mathematical creativity would be 

able to critically analyse, refine, and acquire concepts that lead to novel and valuable solutions. As a result, 

the research work related to mathematical creativity has increased over the past two decades. 

This study witnessed a substantial surge in the quantity of publications in 2009. The rapid growth in 

research in 2009 might be due to the effort to address the unsatisfactory mathematics performance in 

Programme for International Student Assessment (PISA) 2006. As OECD [18] recorded, only 32.5% of 

students can manipulate various mathematics representations to solve problems related to real-life contexts. 

Mathematical creativity is a crucial component in problem-solving [19] because mathematical creativity is 

the ability to view problems in various ways, generate different ideas, and choose the best ways to solve 

unconventional mathematical problems [20]. Hence, the weak problem-solving skills shown from the 

unsatisfactory PISA results highlighted a need to study students’ mathematical creativity. 

In addition, there was a surge of publications in 2009 due to the publication of the book entitled 

“Creativity in mathematics and the education of gifted students” [21]. 12 out of 16 of the publications in the 

year 2009 were the book chapters of this book. In 2013 and 2022, two thematic issues focused on 

mathematical creativity were published in the journal ZDM-Mathematics Education, which led to increased 

publications. Nearly half (7 out of 16) of the publications recorded in 2013 were articles published in the 

issue of ‘Creativity and Mathematics Education’. Meanwhile, 7 out of 34 publications in 2022 were articles 

published in the ‘Empirical Research on Mathematical Creativity-State-of-the-art’ issue. 

 

3.2.2. Geographical disrtribution of the publications 

The United States, Israel, Indonesia, Turkey, and the United Kingdom were the five most productive 

countries in publishing literature on mathematical creativity. The United States was documented as the most 

prolific nation among these countries. It was the major contributor to literature related to mathematical 

creativity, with the greater total number of publications, h-index, and g-index. This finding aligns with the 

results obtained by Saefudin et al. [11], who reported that the United States has historically been the most 

productive and prominent nation in terms of publications related to mathematical creativity over the last two 

decades. In fact, the publications published by the most productive countries significantly influence the field 

of mathematical creativity research. For instance, Bicer et al. [8] from the United States conducted a SLR on 

the instructional practices to foster students’ mathematical creativity, and the findings had an essential 

influence on the development of research on mathematical creativity, particularly those related to learning 

practices. In addition, one of the significant Israeli publications is Leikin [21], which emphasized the eliciting 

of mathematical creativity through multiple-solution tasks, which served as the cornerstone for the growth of 

research in mathematical creativity. 

 

3.2.3. Research foci 

The most prominent focus in mathematical creativity is student mathematical creativity and 

achievement. Since mathematical creativity is the ability to conceive a novel yet mathematically correct 

solution to mathematics problems through different perspectives [22], mastery of mathematical concepts and 

skills is crucial for developing mathematical creativity. Therefore, research study on the correlation between 

mathematical creativity and mathematics achievement gained interest in the research community [23]–[26]. 

In most empirical research studies, mathematical creativity is usually characterised by three main constructs: 

fluency, flexibility, and originality [2], [27], [28]. 

The second focus on mathematical creativity is an assessment of student mathematical creativity in 

geometry problem-solving. In fact, mathematical creativity and problem-solving are closely related, as 

Laycock [20] defines mathematical creativity as the ability to view and analyse problems from different 

perspectives, conceive various ideas, and choose the best way to solve the problem. In past studies, the most 

popular topic used to assess students’ mathematical creativity is geometry [2], [3], [29], [30]. When dealing 

with mathematics problems related to geometry, students need to make deductions based on the geometric 
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properties of the shapes and think flexibly to relate the geometric shapes to appropriate formulas instead of 

merely applying formulas to solve the problem [31], [32]. Hence, students can elicit their mathematical 

creativity when solving a geometry-related problem. 

The next focus in mathematical creativity is eliciting mathematical creativity. To assess 

mathematical creativity, several types of tasks can be used to elicit mathematical creativity, the commonly 

used tasks are open-ended tasks [3], [23], [33], multiple solution tasks [25], [34]–[36] and problem-posing 

tasks [27], [37]. Open-ended tasks with the existence of multiple answers [33] encourage an individual to 

engage in innovative thinking and generate distinctive solutions. When dealing with multiple solution tasks, 

presenting problems with multiple solutions [35] encourages individuals to approach the problem from 

different perspectives and consider various methods. On the other hand, problem-posing tasks that require an 

individual to formulate new questions or problems for a given problem [38] empower individuals to think 

creatively and imaginatively [39] and push the boundaries of traditional problem-solving approaches. 

Moreover, the mathematical creativity process is also one of the specific research foci in 

mathematical creativity. Hadamard [40] proposed a well-known model of the creative process in mathematics 

that defines mathematical creativity as the process of four sequential stages: preparation, incubation, 

illumination, and verification. Hadamard’s model [40] highlights the importance of different cognitive 

processes and stages that contribute to creative problem-solving and thus has been influential in 

understanding how creativity unfolds in mathematics.  

Apart from that, assessing the convergent and divergent thinking of gifted students is also one of the 

research foci within the research community. In fact, Guilford [41] distinguished between convergent 

thinking, which is concerned with identifying a solitary proper answer, and divergent thinking, which 

prioritises creating multiple solutions and ideas. Also, mathematical creativity is considered as a combination 

of convergent and divergent thinking [42] where the ability to think divergently can lead to novel insights 

and creative solutions to mathematical problems. 

The following research focus is on pre-service teachers’ mathematical creativity in problem-posing 

and with the aid of technology. In the era of technological advancement, technology enables an individual to 

observe mathematical situations actively and explore them, leading to enhanced flexibility in problem-

solving strategies and originality in problem-posing [43]. By nurturing creativity in pre-service teachers, 

adopting creative teaching practices that leverage technology can enhance students’ mathematical creativity. 

The last two foci in mathematical creativity are mathematical creativity tasks and mathematical 

creativity in early childhood. Since mathematical creativity is usually characterised by fluency, flexibility, 

and originality, mathematical creativity tasks are expected to be able to reflect these three constructs. Thus, 

due to the effort of fostering mathematical creativity, studying the effectiveness of creativity tasks is one of 

the current research foci. Indeed, creative elements are inseparable from children’s mathematics learning [44] 

as they help children make sense of mathematics and present novel ideas and various solutions to 

mathematics problems [3]. Understanding mathematical creativity in early childhood sheds light on students’ 

mathematical development. 

 

 

4. CONCLUSION 

Bibliometric analysis allows researchers to visualize the mathematical creativity research trends and 

identify the major foci within mathematical creativity. The trend of publications on mathematical creativity 

has been gradually increasing, indicating that future years will witness continuous growth in this research 

field. Notably, the publications of mathematical creativity are widely dispersed geographically and 

significantly influence the field of mathematics education. The research domains are revealed through the 

scientific mapping of bibliographic data. This includes: i) student mathematical creativity and their 

achievement; ii) assessment of student mathematical creativity in geometry problem solving; iii) eliciting 

mathematical creativity; iv) mathematical creativity process; v) assessing of convergent and divergent 

thinking of gifted students; vi) pre-service teacher mathematical creativity in problem-posing and with the aid 

of technology; vii) mathematical creativity tasks; and viii) mathematical creativity in early childhood. The 

findings of this study are expected to shed light on the research landscapes on mathematical creativity. 

Understanding trends helps researchers prioritize research efforts and focus on areas with high potential for 

advancement. Furthermore, bibliometric analysis in mathematical creativity serves as a roadmap for future 

research, especially for young researchers. The researchers urged to focus on researching mathematical 

creativity, as the findings on publication growth indicate that mathematical creativity research will remain the 

trending topic in mathematics education. 

Notably, this study has several limitations. Firstly, the data for this bibliometric analysis consisted 

solely of the Scopus database, and some publications might have yet to be included. Secondly, the documents 

published after the retrieval date, 8 April 2024, were not considered. Thirdly, this bibliometric analysis study 

is restricted to the analysis of the author’s keyword without including the entire test, so it is conceivable that 
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the research foci differ. As a result of the recent surge of relevant literature, the findings of this study might 

contain a minor error and should be evaluated cautiously. Future research on bibliometric analysis on 

mathematical creativity is recommended to broaden the scope of the data by incorporating additional 

databases and including the most recent literature. 
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