Evaluating The Academic Trends On Design Thinking Research: A Bibliometric Analysis From 2000 to 2021
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Abstract
[bookmark: _Hlk99404755]"Design Thinking" opens up new avenues for boosting current educational, creative thinking instructional, and innovation research paradigms. Design thinking approaches are widely being explored in various fields to meet the inspiration of the global era. It is now recognized as the learning experience through repeating activities in a problem-solving learning environment. With the growth of design thinking, much research has been conducted. The focus of this research is to look at the current state of design thinking research and make future research directions. This study also aims to provide up-to-date maps illustrating and organizing Scopus data sets relevant to design thinking research between 2000 and 2021. The study retrieved 1875 documents for further analysis using various tools.  Microsoft Excel, Harzing Perish, and VOSviewer were used to complete the bibliometric review using standard bibliometric indicators. Visualization through maps based on-network data of scientific publications displaying relationships among researchers, countries, and scientific journals. The co-occurrence of phrases related to design thinking research was analyzed through author keywords. Based on what we have discovered,design thinking research is gaining popularity among scholars. The United States, followed by Germany, was the most significant contributor to design thinking research. Most articles connected to design thinking research have been published in computer science and social science. The top author keywords in terms of co-occurrence were "Design Thinking" "Innovation" "Design" and "Creativity" are all keywords used to express design thinking. The top-cited article from the Journal Of Engineering Education is titled "Engineering design thinking, teaching, and learning". Our findings will provide a clear grasp of design thinking research bodies' evolution trends. These current work analyses are valuable and essential resources for scholars and practitioners in design thinking academic researchers.
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1. INTRODUCTION
Design thinking may appear to be a new concept on this side of the century in the academic world. However, designers' work and practiceattributes have been discussed within design studiesfor at least 20 years(Buchstab, 2005; Johansson-SkÃ¶ldberg et al., 2013; Meinel & Leifer, 2012). In today's rapidly changing technology and globally competitive environment, success calls for developing and using a unique set of competencies. Design thinking is one of these qualities(Guaman-Quintanilla et al., 2022; Henriksen et al., 2017). In 1954, William F.'s Ballhausin study was the first to adopt design thinking. His research focused on clear design thinking with aircraft growth in the technical field. The concept of design thinking did not gain momentum in the academic community until it was implemented in the architectural industry in 1994 and 1995.

However, in the last 10 years, design thinking as an approach for teaching has shown increased interest among researchers(OCDE, 2018; Beligatamulla et al., 2019; Henriksen et al., 2017; Souza et al., 2020). Leaders worldwide also believe that innovation is the source of uniqueness and competitive advantage. This is consistent with the finding by T Brown (2008), which showed that design thinking has more managerial principles and best practices to explore, has a great more to contribute to the world in the coming days. Recent evidence suggests that design thinking is seen as a collection of creative skills for understanding and resolving ambiguous, complex problems and a method for integrating people as the center of the design process(Scott et al., 2021; Soledad Ramírez-Montoya et al., 2022; Wallis, 2019). Design thinking can encourage students to generate new ideas through a hands-on approach(Tim Brown, 2019; Menezes, 2019; Viswanathan & Linsey, 2012). This exploration and engagement in the actual world with Menezeshonest feedback are crucial to connect with reflection activities.

Experiences are essential in the design thinking process because they can lead to innovative solutions.According to previous study findings, the use of design thinking in more expansive frontier learning in digital practice is outlined(Aldalalah, 2022; Androutsos & Brinia, 2019; Lyche et al., 2018). Alternatively, the growing interest in integrating design thinking into STEM(Science, Technology, Engineering, and Math) education greatly impacted the classroom's physical environment(Balakrishnan et al., 2021; Benita et al., 2021; Chiu et al., 2021).The type of related teaching approach is problem-based learning and project-based learning(Parmar, 2015; Taajamaa et al., 2014; Yen et al., 2021). Some STEM teacher professional development programs emphasize developing teacher beliefs as they do develop material or technological competency. Many recent studies in the field of design thinking suggest that it can help teachers improve their ability to utilize innovation and creativity in the classroom has been strengthened to achieve education 4.0 goals(Loyola et al., 2020;B Gleason & Cherrez, 2021). As highlighted by the Pruneau et al. (2021), design thinking is also considered an innovative problem-solving method. Design Thinking seems to have the potential to transform children's creativity, problem-solving skills, and collaborative work in the classroom(Aguado et al., 2014; Chen et al., 2019; Pellegrini, 2020).

It has been demonstrated clearly that design thinking is a collaborative technique capable of generating new ideas. Professionals and communities focus on new solutions using interdisciplinary design thinking. In this context, design thinking has extended beyond computer science discipline (O’Callaghan & Connolly, 2020; Qian et al., 2019), social science(Fisher et al., 2018; Goi & Tan, 2021; Reinecke, 2016), engineering (Harun et al., 2019; Palacin-Silva et al., 2017), Business, Management, and Accounting(Bharathi & Pande, 2019; Tim Brown, 2019; He & Ortiz, 2021), health profession (Boillat et al., 2020; BostrÃ¶m et al., 2021; Lorusso et al., 2021) art and humanities (Liu, 2020; X. Wang & Zhang, 2020), and journalism and writing(Kaivo-Oja, 2014; Purdy, 2014).

Previous bibliometric analysis was conducted on design thinking concerning entrepreneurial orientation (Johann et al., 2020), while a more current bibliometric study used a combined strategy of SLR, bibliometric analysis, and content analysis (Bhandari, 2022). The author emphasizes the diversity of design thinking research themes and sub-themes. However, past researchers suggest conducting any further research direction with appropriate research objectives for exploring further research on design thinking. Therefore, this article will summarize the current state of design thinking research and analyze the field's growth using Scopus data sets related to design thinking research from 2000 to 2021. In addition, this paper aims to provide the previous study’s findings on design thinking and provide an up-to-date visual map of the design thinking research's global development.The following is an overview of the paper's layout. First, we present an analysis of relevant literature on bibliometric analysis and previous research on design thinking-related publications. Second, we go over the methods used in this research. The results obtained from the documents gathered in the Scopus database are reported in the analysis and findings section. The overview, limitations, and recommendations for future research are discussed in the conclusion part.

2. METHODS
Bibliometric data analysis provides a way to understand the intensity of research currents on a topic and the various areas of research explored by researchers. Bibliometric analysis is gaining popularity as one of the methods used to reveal trends and patterns of study (Ahmi et al., 2020). The study's design can be observed by classifying publications by year, author, affiliation, or country. The journal can also be measured based on its impact and performance using matrices such as citation number, citation per year, h index, and g index. The increasing number of studies that have been conducted using bibliometric analysis is due to the handiness of data that can be downloaded from academic databases (such as Scopus, Web of Science, and dimensions) and the availability of tools (such as VOSviewer, CitNetExplorer, and CiteSpace (Zakaria, Ahmi, Ahmad, Othman, et al., 2021).

This study used a bibliometric data analysis method to create a network map of research literature on design thinking. Bibliometric analysis was performed using the Scopus database on9 March 2022. Scopus database was chosen as the data source of this research because it contains more publications on thinking calculation and its extensive coverage in educational and social science publications (Mongeon & Paul-Hus, 2016). The search term “design thinking”in the article’s title is used to find articles published in any language related to research on design thinking. We focus on the article’s title because it is the first element that the reader will notice (Annesley, 2010). It represents relevant topics important to the research area and the study’s objectives. We refined the search to the year of publication from 2000 to 2021 to identify the latest trends in design thinking research. This article helps to provide meaningful insights into the direction of previous publications on this research topic. This study has implemented the PRISMA guidelines (Zakaria, Ahmi, Ahmad, & Othman, 2021), and a detailed flow chart for our search strategy is shown in Figure 1. All documents are subject to bibliometric analysis. We used (i) Microsoft Excel 2016 to calculate the frequency and percentage of material published and to generate relevant charts and graphs; (ii) VOSviewer (version 1.6.15) to create and visualize bibliometric networks, analyze and describe abstract keywords and authors, as well as relationships and collaborations between authors, countries, and publications in data sets; and (iii) Harzing’s Publish and Perish software to calculate citation metrics.

The study addressed five specific research questions.
RQ1. What are the publication growth and trends in design thinking? 
RQ2. What are the most prolific and collaborating authors and countries of design thinking? 
RQ3. What are the most collaboratingcountries’ research on design thinking?
RQ4. What are the most cited and co-citedjournals on design thinking research?
RQ5.What are the most used authors’ keywords and subject areas indesign thinking research?

3. RESULTS AND DISCUSSIONS
Description of the recovered literature
A total of 1875 documents were identified from the Scopus database based on document type and source type. Table 1 summarizes the type of published documents. Ten documents have been published related to design thinking consisting of journal articles, review articles, book chapters, letters, reviews, notes, editorials, brief reviews, books, and conference reviews.Journals accounted for the most (47.73%) of the total documents published, followed by conference proceedings (33.12%), book series (11.04%), books (7.25%), while trade journals only accounted for less than 1%of the total publications ( 0.85%).
The majority of papers retrieved were published in English (95.97%), followed by Spanish (1.01%), Portuguese (0.85%), Chinese (0.80%), and German (0.53%). There are ten other languages found to be published with a total percentage below 0.1%, including French, Italian, Japanese, Croatian, Korean, and Malaysian.
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Figure 1.Flow diagram of the search strategy(Zakaria, Ahmi, Ahmad, & Othman, 2021).


Table 1. Types of retrieved documents (2000 – 2021).
	Document Type
	Total Publications (TP)
	Percentage (%)

	Conference Paper
	822
	43.84%

	Article
	755
	40.27%

	Book Chapter
	144
	7.68%

	Review
	51
	2.72%

	Note
	33
	1.76%

	Editorial
	25
	1.33%

	Book
	20
	1.07%

	Letter
	8
	0.43%

	Short Survey
	8
	0.43%

	Conference Review
Undefined
	2
7
	0.11%
0.37%

	Total
	1875
	100.00
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Publication Growth and Trends in Design Thinking Literature
A search on the Scopus database found 1875 scientific articles published from 2000 to 2021. Patterns over time were assessed by examining documents based on the year of publication. Trends in publications and citations are essential indicators in determining developments in a discipline, field, or topic(Qi et al., 2021). There was an increase in the number of publications of documents during the study period. Figure 2represents the publication trend of design thinking papers between 2000 and 2021, the distribution of the number of publications, and the cumulative percentage by year. The data was retrieved from the Scopus database using the keyword “design thinking”.

From 2000 to 2006, only 27 articles were published, and these publications were cited 3004 times. An increasing trend has been observed from 2007 to 2014, with 315 papers have been published. Between (2015–2021), the publication grew to 1533 articles, whereas the citations were 8553 times. The journal has shown impressive growth in terms of publication and total citation. This has established an impressive growth trend in total publications and citations in design thinking research.

The highest productivity was observed in 2021, with 302 documents. The annual citation matrix for documents retrieved is shown in Table 2. The number of citations per publication is the highest for documents published in 2005 (121.24 citations per publication), while the lowest is for documents published in 2002 (1.20 citations per publication).
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Figure 2. The rapid growth of design thinking publications, 2000 – 2021 (n = 1875).
The future research direction of the topic. The field of design thinking is gaining attention.

Table 2.An annual number of publications and citation matrix.
	[bookmark: OLE_LINK1]Year
	TP
	NCP
	TC
	C/P
	C/CP
	h
	g

	2000
	2
	2
	97
	48.50
	48.50
	2
	2

	2001
	3
	2
	124
	41.33
	62.00
	1
	3

	2002
	3
	3
	24
	8.00
	8.00
	2
	3

	2003
	3
	2
	78
	26.00
	39.00
	2
	3

	2004
	3
	3
	144
	48.00
	48.00
	3
	3

	2005
	4
	2
	2061
	515.25
	1030.50
	2
	4

	2006
	9
	5
	476
	52.89
	95.20
	3
	9

	2007
	5
	2
	343
	68.60
	171.50
	1
	5

	2008
	12
	9
	2018
	168.17
	224.22
	5
	12

	2009
	23
	13
	152
	6.61
	11.69
	5
	12

	2010
	27
	18
	472
	17.48
	26.22
	9
	21

	2011
	48
	34
	1316
	27.42
	38.71
	14
	36

	2012
	62
	50
	1408
	22.71
	28.16
	16
	37

	2013
	54
	48
	1114
	20.63
	23.21
	16
	32

	2014
	84
	64
	1004
	11.95
	15.69
	17
	30

	2015
	98
	88
	1816
	18.53
	20.64
	22
	40

	2016
	177
	130
	2009
	11.35
	15.45
	20
	41

	2017
	174
	130
	1200
	6.90
	9.23
	17
	27

	2018
	227
	161
	1348
	5.94
	8.37
	17
	29

	2019
	258
	172
	1050
	4.07
	6.10
	15
	23

	2020
	297
	169
	860
	2.90
	5.09
	14
	20

	2021
	302
	100
	270
	0.89
	2.70
	7
	11


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.



The Most Prolificand Co-authorship Authors Network
A total of 1875 articles were published within the scope of the design thinking study from 2000 to 2021 from 85 countries worldwide. The average number of authors per article was 2.79, indicating a trend toward the contributions of multiple authors to this research domain. Authors from many countries have published publications on design thinking. Table 3 lists the 16 most productive authors over the research period. The most productive author with the highest number of publications was Meinel, C. (25 publications; 351 citations), while Leifer, L. (16 publications; 146 citations) ranked second and Uebernickel, F. (13 publications; 184 citations) in third place of 16 most prolific authors in the study of design thinking. Nevertheless, Liedtka, J., even with 9 publications, has made an impact in design thinking research because it has the highest number of total citations which is 490 citations. Researchers Liedka, J and Leifer, L were from the United States, while the first and third highest number of publication authors were from Germany.


Table 3.Most prolific authors for design thinking between 2000-2021.
	Author’s Name
	Affiliation
	Country
	Total number of publications
	Total Link Strength
	Total 
Citation

	[bookmark: _Hlk99122003][bookmark: _Hlk99120127]Meinel, C.
	Hasso-Plattner-Institut für Software 
	Germany
	25
	50
	351

	[bookmark: _Hlk99122023]Leifer, L.
	Stanford University
	United States
	16
	39
	146

	[bookmark: _Hlk99122066]Uebernickel, F.
	Hasso-Plattner-Institut für Software 
	Germany
	13
	34
	184

	Conte, T.
	Universidade Federal do Amazonas
	Brazil
	10
	22
	43

	Dobrigkeit, F.
	Hasso-Plattner-Institut für Software 
	Germany
	9
	13
	30

	Goldman, S.
	Stanford Graduate School of Education
	United States
	9
	16
	184

	[bookmark: _Hlk99122227][bookmark: _Hlk99122420]Liedtka, J.
	Darden School of Business
	United States
	9
	8
	490

	Mentzer, N.
	Purdue Polytechnic Institute
	United States
	9
	4
	95

	Royalty, A.
	Stanford University
	United States
	8
	22
	236

	Brenner, W.
	University of St. Gallen
	Switzerland
	7
	14
	142

	Canedo, E.D.
	Universidade de Brasília
	Brazil
	7
	1
	25

	Cormican, K.
	National University of Ireland 
	Ireland
	7
	10
	7

	Hehn, J.
	Berner Fachhochschule
	Switzerland
	7
	9
	54

	Liu, J.
	Beihang University
	China
	7
	8
	68

	Suzianti, A.
	Universitas Indonesia
	Indonesia
	7
	6
	0

	Wrigley, C.

	The University of Queensland
	Australia
	7
	8
	148





The network of co-authors of publications on design thinking from 2000 to 2021 produced 4250 authors. We identified 371 authors with a full counting method, minimum productivity of 2 documents, and a minimum total citation of 5 was visualized using the VOSviewer technique and are presented in Figure 3. However, only 113 authors were visually mapped in Figure 3 because several authors were not connected. Closed circles indicated active authors of close research collaboration.The lines between authors represent their collaborative links, while 12 different colors represent groups of authors’ collaborations. We can see how the total link strength attribute can give an idea of the total strength of an author with other researchers. Although all 16 of the top authors listed in Table 3 belong to different groups, the close and strong relationship suggests a relatively strong research link related to design thinking. For example, Meinel, C. Cluster 1 (red: 50 total link strength), Leifer, L. Cluster 5 (purple: 39 total link strength), and  Uebernickel, F. in Cluster 8 (cyan: 34 total link strength) were strongly linked together, as shown in figure.
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Figure 3. Network visualization map of the co-authorshippublishing on design thinking from 2000 to 2021.










Co-Authorship Countries Networkand Geographical Distribution of Publications 
The national network of co-authors publishing design thoughts from 2000 to 2021 produced 135 countries. This indicates that many researchers worldwide have conducted literature reviews on design thinking. A visualization of cooperation between countries with minimum productivity of 1 document is shown in Figure 4. With a minimum of 5 citations, 55 countries are connected and grouped into 11 different clusters with colors according to clusters. Shown the top 20 countries contributing to publications are listed in Table 4. The United States ranked first in total link strength as well as total 531 numbers of documents (28.37%)and 9743 total citations, followed by Germany with 140 (7.52%) and Australia with 115 (6.13%) documents.

From the table shown, it can be seen that although some countries offer a high ranking in the number of publications, such as China (108 total publications) and Brazil (89 total publications), these countries do not rank highest in the national co-author network map. Although the research activity is within the scope of the study, it is not followed by high cooperation with other countries.
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Figure 4. Network visualization map of countries publishing on design thinking from 2000 to 2021.


Table 4. The top20 countries contributed to the publicationofdesign thinking research.
	
Rank
	Country
	Total Publication
	Total Link Strength
	Total
Citation
	Link
	Cluster

	1
	United States
	531
	111
	9743
	33
	9

	2
	Germany
	140
	49
	877
	20
	5

	3
	Australia
	115
	44
	1929
	26
	8

	4
	China
	108
	22
	305
	13
	10

	5
	United Kingdom
	105
	49
	1672
	25
	2

	6
	Brazil
	89
	12
	326
	8
	6

	7
	Taiwan
	74
	18
	500
	8
	10

	8
	India
	72
	10
	178
	9
	4

	9
	Canada
	67
	29
	1117
	20
	11

	10
	Italy
	49
	20
	354
	21
	6

	11
	Japan
	49
	17
	198
	20
	7

	12
	Netherlands
	47
	24
	1190
	21
	2

	13
	Denmark
	44
	12
	402
	11
	6

	14
	Finland
	40
	22
	244
	20
	1

	15
	Indonesia
	40
	8
	33
	7
	1

	16
	Switzerland
	35
	13
	302
	14
	4

	17
	Sweden
	34
	14
	870
	14
	5

	18
	South Korea
	34
	9
	90
	5
	9

	19
	Ireland
	30
	11
	257
	10
	5

	20
	Norway
	30
	8
	188
	8
	6




Citation Analysis and Top Cited Documents 

The key authors and publications that impacted the review's progress were determined through citation analysis. The number of citations and citations per year can also be used to evaluate a researcher's productivity. This bibliometric metric is often used to quantify the significant influence of the focused research field, as reported by previous researchers in the area (Ahmi et al., 2020; Pirri et al., 2020). As of March 2022, Table 5 summarises the citation metrics for the retrieved documents. Table 5 shows the overall number of citations for all retrieved publications and the average number of citations per year. Thereshown, there were 19384 citations recorded for 1875 retrieved publications over 21 year period(2000-2021), with an average of 881.09 citations per yearand 10.34 citations/papers. The h index for records retrieved was 52.



Table 5. Citations Metrics.
	Metrics
	Data

	Papers
	1875

	Number of Citations
	[bookmark: _Hlk99353777]19384

	Years
	21

	Citations Per Year
	[bookmark: _Hlk99353973]881.09

	Citations per Paper
	[bookmark: _Hlk99353929]10.34

	Cites_Author
	10414.34

	Papers_Author
	940.38

	Authors_Paper
	2.79

	h_index
	127

	g_index
	220




Table 6 shows the top 10 highly cited topics of design thinking. "Engineering design thinking, teaching, and learning," the article with the most citations, was published in the Journal of Engineering Education in 2005. It garnered a record of 2058 citations, giving it the most significant article in terms of citations per year (121.06). L.J. Leifer is the article's co-author and is recognized as the second most prolific author. This journal provides research and studies related to design in engineering education. The research on how design thinking skills are learned across several dimensions of design thinking is then detailed.

Literature articles or documents on the areas of (a) human-centered design (b) innovation process (c) design education (d) cybernetics (e) management education and (f) competence beliefs were also widely recognized. The reference T Brown (2008) essay on "design thinking" has been mentioned over 1800 times. Furthermore, papers by Dorst (2011)were cited over 600 times, and four additional references were quoted over 300 times, including pieces by Johansson-Sköldberg et al., (2013), Dunne & Martin, (2006),Razzouk & Shute, (2012) andBeckman & Barry, (2007). As a result, it's conceivable that a significant percentage of documented design thinking research fell under the scope of these journals.
A network visualizationmap for co-citation analysis is available using a threshold of at least 50 articles per journal and fractional counting for publications with at least 20 citations, a network visualizationmap for co-citation analysis is available(Figure 5). A total of 119 publications were identified using the co-citation analysis. The Design Strategy journal received the most connecting lines from other journals, indicating that the majority of other journals cited the majority of theother journals cited it. This journal also had the largest circle size, reflecting that it had the most citations in design thinking research. The analysisoutcomes were divided into four clusters, encompassing management and business journals (red cluster), design journals (green cluster), and education journals (blue cluster) (blue cluster).



Table 6.Top 10 highly cited articles in design thinking research.
	No.
	Authors
	Title
	Year
	Cites
	Cites
per Year

	1
	Dym, C.L., Agogino, A.M., Eris, O., Frey, D.D., Leifer, L.J
	[bookmark: _Hlk99353195]Engineering design thinking, teaching, and learning
	2005
	2058
	121.06

	2
	[bookmark: _Hlk99355314]Brown, T.	
	[bookmark: _Hlk99355575]Design thinking
	2008
	1834
	131.00

	[bookmark: _Hlk99355387]3
	Dorst, K.
	The core of 'design thinking' and its application
	2011
	688
	62.55

	4
	[bookmark: _Hlk99355635]Johansson-Sköldberg, U., Woodilla, J., Çetinkaya, M.
	Design thinking: Past, present, and possible futures
	2013
	396
	44.00

	5
	[bookmark: _Hlk99355658]Dunne, D., Martin, R.
	Design thinking and how it will change management education: An interview and discussion
	2006
	382
	23.88

	6
	Razzouk, R., Shute, V.
	What Is Design Thinking, and Why Is It Important?
	2012
	362
	36.20

	7
	Beckman, S.L., Barry, M.
	Innovation as a learning process: Embedding design thinking
	2007
	342
	22.80

	8
	Bjögvinsson, E., Ehn, P., Hillgren, P.-A.
	Design things and design thinking: Contemporary participatory design challenges
	2012
	299
	29.90

	9
	Yeager, D.S., Hulleman, C.S., Hinojosa, C. Walton, G.M., Dweck, C.S.
	Using design thinking to improve psychological interventions: The case of the growth mindset during the transition to high school
	2016
	282
	47.00

	10
	Liedtka, J.
	Perspective: Linking Design Thinking with Innovation Outcomes through Cognitive Bias Reduction
	2015
	268
	38.29
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[bookmark: _Hlk99358375]Figure 5. Network visualization map of co-citation analysis for journals on design thinking from 2000 to 2021.



[bookmark: _Hlk99359953]The Most Used Author Keyword and Subject Area
The author's keywords help us determine the connections between a research field and others related to it. Furthermore, the frequency of keywords assists in identifying the attempt to highlight covered in this field's publications. A co-occurrence analysis was selected from the menu of the VOSviewer systems to generate a network map of the most frequently used author keywords based on bibliographic data.The main contents of the study are summarized through keywords. The keywords in an article can also provide helpful information, including goals, techniques, and perspectives (Tian et al., 2018). As a result, keyword frequency analysis is essential for analyzing hot topics and trends in the field (Z. Wang et al., 2018).

From 2000 to 2021, a co-occurrence analysis of author keywords was conducted. A minimum of 10 keyword occurrences was selected as a threshold for the study. Out of 3240 keywords, 59 were positively connected. There are five major clusters in the results (Figure 6). Each clusterreflects a subfield of design education research. A keyword resembling (redcluster) are "design", "design education", "production", and "technology" are related to the analytical aspects of design thinking, as seen in the green, yellow, blue, red, and purple clusters. Keywords suchas "innovation”, "creativity", "problem-based learning", and "collaboration" are emphasized in the green cluster, which focuseson the fundamental topic of design thinking education.Next, in the blue cluster are keywords like “design thinking”, “sustainability”, “conceptual”, “values”, and “co-creation” that are associated with the core of design thinking application.

[image: ]
Figure 6. Co-occurrence network map of author keywords from articles published on design thinking from 2000 to 2021.



Based on the total link strength of the design thinking research publication, Table 7 shows the first 20 keywords. In articles with the highest total link strength, links, and occurrences, the author keyword "design thinking" has been the most frequently utilized(1294 total link strength: 1054 occurrences). "innovation" was the 2nd most common author keyword, with 390 occurrences. "design" and "creativity" are the following most popular author keywords, indicating that this is the most investigated and published aspect of design thinking. The frequency of the most often used author keywords in the articles reviewed in this study paints a picture of design thinking research.As a result, future research can be derived from the findings.



[bookmark: _Hlk99361526]Table 7.Top 20 keywords of the design thinking research publication (rank based on total link strength).
	Author Keywords
	Total Link Strength
	Occurrences
	Links
	Cluster

	[bookmark: _Hlk99362455][bookmark: _Hlk99360926]Design Thinking
	1294
	1054
	58
	3

	[bookmark: _Hlk99362268]Innovation
	390
	180
	51
	2

	[bookmark: _Hlk99361851]Design
	369
	200
	53
	1

	[bookmark: _Hlk99362290]Creativity
	265
	123
	40
	2

	Students
	145
	72
	34
	5

	[bookmark: _Hlk99362307]Problem-Based Learning
	116
	49
	28
	2

	Education
	95
	40
	30
	4

	Teaching
	92
	45
	25
	4

	Agile
	90
	38
	24
	5

	[bookmark: _Hlk99362481]Sustainability
	87
	41
	29
	3

	[bookmark: _Hlk99361877]Design Education
	81
	42
	25
	1

	Project-Based Learning
	77
	33
	26
	5

	Engineering
	73
	38
	25
	1

	[bookmark: _Hlk99361894]Production
	69
	33
	28
	1

	Prototype
	67
	25
	28
	5

	[bookmark: _Hlk99362327]Collaboration
	66
	35
	27
	2

	Digitalization
	61
	28
	22
	4

	[bookmark: _Hlk99361916]Technology
	60
	30
	24
	1

	Entrepreneurship
	59
	27
	19
	4

	Empathy
	53
	28
	22
	4





As highlighted in table 8, applying design thinking in such a broad framework has led to outputs that academics and communities have extensively recognized. This scenario contributes significantly to the field. Design thinking has been used mainlyin the computer science area, with 740 total publications, based on the number of co-occurrences of author keywords. It's also been widely used in avarietyof disciplines, including the social sciences (655 total publications), engineering (631 total publications), business management and accounting (392 total publications), mathematics (206 total publications), art and humanities(192 total publications), and economicsand finance (141 total publications).



Table 8. Subject Areaof the design thinking research publication.
	Subject Area
	Total Publications (TP)
	Percentage (%)

	[bookmark: _Hlk99363230]Computer Science
	740
	39.47%

	Social Sciences
	655
	34.93%

	Engineering
	631
	33.65%

	Business, Management, and Accounting
	392
	20.91%

	Mathematics
	206
	10.99%

	Arts and Humanities
	192
	10.24%

	[bookmark: _Hlk99364055]Economics, Econometrics, and Finance
	141
	7.52%

	Decision Sciences
	96
	5.12%

	Environmental Science
	84
	4.48%

	Medicine
	79
	4.21%

	
	
	





Our findings, however, are not without limitations. This bibliometric study does have certain limits. First, the information presented is limited to the Scopus database, representing only a minor portion of the global production in this field. The scientific literature on design thinking is expected to be much more comprehensive. Second, the data in this study covered the period from 2000 to December 2021, and thelatest study is published daily. Third, if the authors had not mentioned our study inclusion descriptions in the publication names, we might have missed some design thinkingpapers. Fourth, the number of citations used to evaluate the research impact may not adequately reflect the value of each study.


4. CONCLUSION 
The findings of the bibliometric analysis show that design thinking is on trendworldwide. Leading to an improvement indesign learning and enhanced best pedagogical practices. Indirectly, it will impact the exploration of how these core design approaches might be implemented in corporate problem solving and innovation. Design thinking has emerged in various disciplines worldwide, whether in formal or informal educational contexts, due to the technological boom.

In this perspective, the publications in design thinking were thoroughly examined for their development trends, general characteristics, collaborative networks, and current hot spots. Since the basic concept of design thinking was introduced, the discipline has expanded rapidly. Many significant research results have arisen, particularly in recent years, with an increasing rate of publications. Although design thinking received little attention from the academic community in the first decade following its debut in 1954, the findings show that the idea of design thinking started to emerge as a significant trend in 2000 and expanded in 2014 until today.

Design thinking research is interdisciplinary mainly, encompassing a wide range of problems researched by scholars from various fields and perspectives. Along with a growth in the number of publications every year, this analysis shows that the average number of authors per document has increased significantly. Ultimately, these analyses can contribute to the forecast of future design thinking research and the evolution of design thinking.Furthermore, the outcomes of this study show that design thinking research is a rising trend that is still expanding and will continue to grow in the future.
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