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ABSTRACT  

Climate change, deforestation, pollution, biodiversity loss, food insecurity, water scarcity, 

socioeconomic inequality, and threats to ways of life and culture of local and indigenous 

communities are among the complex interrelated problems we face today. They impose limitations 

to traditional and discipline-oriented science to support transformative change, given its 

compartmentalization and detachment from societal pressures. The complexity of societal problems 

makes articulation across academic disciplines crucial, while the perspectives and values within 

society challenge problem delimitation and make technocratic solutions insufficient and 

collaborations with non-academic actors imperative. Among the propositions to deal with these 

limitations, transdisciplinary approaches focus on collaboratively articulating scientific and non-

scientific knowledge and values. Although potentially relevant, transdisciplinary approaches are 

numerous, spread across different scientific fields, and distinct in how they tackle the multiple 

challenges of articulating knowledge and values. Hence, identifying and comparing the multiple 

approaches available in the literature can help by connecting distinct views, uncovering solutions to 

confront known challenges as well as detecting gaps limiting the advance of transdisciplinary 

practice. In this dissertation we (i) compiled the names and characterizations of available 

transdisciplinary approaches; (ii) identified and characterized the distinct scientific communities 

using them; and (iii) qualitatively compared dominant approaches and described their distribution 

across scientific communities. We first inventoried and screened approaches related to 

transdisciplinarity. We then used the names of 55 approaches in an extensive bibliographic search in 

Scopus that returned 130,279 publications. By conducting a direct citation network analysis and 

using a clusterization algorithm, we identified the 13 largest scientific communities using 

transdisciplinary approaches, representing 83.7% of the 55,744 publications in the network. Through 

the frequency of terms in the title, abstract and keywords of their publications, the title of the most 

cited and central publications, as well as the names and scientific fields of the journals where they 

are published, we described the thematic scope and the dominant approaches used by the different 

transdisciplinary communities. Finally, we characterize all 11 dominant transdisciplinary approach in 

five dimensions – focal entities under consideration, focal process to be changed, central goals of the 

change, guiding tenets, and general methodological guidelines. The 13 largest transdisciplinary 

communities were associated with five interdisciplinary thematic domains: Socio-environmental, 

Health, Business and management, Teaching and education, and Medicine. These groups of 

communities sharing themes and focusing on the same broad type of societal issues are linked by 

shared transdisciplinary approaches rather than by citation. The within-approach linkages between 

focal entity under consideration, focal process to be changed, central goal, and main tenet create a 

specific affinity between the characteristics of transdisciplinary approaches and particular types of 

societal issues and thematic domains. Yet, the four identified types of general methodological 

guidelines were shared across transdisciplinary approaches and domains. Acknowledging that there 

is no universally superior transdisciplinary approach, the comparative framework we propose allows 

for the identification of strengths and complementarities among transdisciplinary approaches, and 

lays the ground for articulating different approaches to improve transdisciplinary practice. 
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RESUMO  

Mudanças climáticas, desmatamento, poluição, perda de biodiversidade, insegurança alimentar, 

escassez de água, desigualdade socioeconômica e ameaças aos modos de vida e à cultura das 

comunidades locais e indígenas estão entre os problemas complexos e interrelacionados que 

enfrentamos hoje. Eles impõem limitações para que a ciência tradicional e disciplinar apoie 

mudanças transformadoras, dada a sua compartimentalização e desvinculação das pressões sociais. 

A complexidade dos problemas sociais torna crucial a articulação entre disciplinas acadêmicas, 

enquanto as perspectivas e valores na sociedade desafiam a delimitação dos problemas e tornam as 

soluções tecnocráticas insuficientes e a colaboração com atores não acadêmicos essencial. Entre as 

proposições para lidar com essas limitações, abordagens transdisciplinares concentram-se na 

articulação colaborativa de conhecimento e valores científicos e não científicos. Embora 

potencialmente relevantes, essas abordagens são numerosas, distribuídas em diferentes campos 

científicos e distintas na forma como enfrentam os múltiplos desafios de articular conhecimento e 

valores. Assim, identificar e comparar as múltiplas abordagens disponíveis na literatura pode ajudar 

a conectar pontos de vista distintos, encontrar soluções para enfrentar desafios conhecidos e 

detectar lacunas que limitam o avanço da prática transdisciplinar. Nesta dissertação (i) compilamos 

os nomes e caracterizações das abordagens transdisciplinares disponíveis; (ii) identificamos e 

caracterizamos as distintas comunidades científicas que as utilizam; e (iii) comparamos 

qualitativamente as abordagens dominantes e descrevemos sua distribuição entre as comunidades 

científicas. Primeiramente, mapeamos e filtramos abordagens relacionadas à transdisciplinaridade. 

Em seguida, utilizamos os nomes das 55 abordagens em uma extensa busca bibliográfica no Scopus, 

que resultou em 130.279 publicações. Por meio de uma análise de rede de citações diretas e usando 

um algoritmo de clusterização, identificamos as 13 maiores comunidades científicas que utilizam 

abordagens transdisciplinares, representando 83,7% das 55.744 publicações na rede. A partir da 

frequência de termos no título, resumo e palavras-chave de suas publicações, do título das 

publicações mais citadas e centrais, bem como dos nomes e campos científicos dos periódicos onde 

são publicadas, descrevemos o escopo temático e as abordagens dominantes usadas pelas diferentes 

comunidades transdisciplinares. Por fim, caracterizamos todas as 11 abordagens transdisciplinares 

dominantes em cinco dimensões - entidades focais em consideração, processo focal a ser alterado, 

metas centrais da mudança, princípios orientadores e diretrizes metodológicas gerais. As 13 maiores 

comunidades transdisciplinares foram associadas a cinco domínios temáticos interdisciplinares: 

Socioambiental, Saúde, Gestão e negócios, Ensino e educação e Medicina. Esses grupos de 

comunidades que compartilham temas e focam no mesmo tipo amplo de questões sociais estão 

conectadas por abordagens transdisciplinares compartilhadas, mas não por citações. As ligações – 

dentro de cada abordagem – entre entidade focal em consideração, processo focal a ser alterado, 

meta central e princípio orientador criam uma afinidade específica entre as características das 

abordagens transdisciplinares e tipos particulares de questões sociais e domínios temáticos. No 

entanto, os quatro tipos identificados de diretrizes metodológicas gerais foram compartilhados entre 

abordagens transdisciplinares e domínios. Reconhecendo que não há abordagem transdisciplinar 

universalmente superior, o esquema comparativo que propomos permite identificar pontos fortes e 

complementaridades entre abordagens transdisciplinares e estabelece as bases para articular 

diferentes abordagens visando aprimorar a prática transdisciplinar.                                                                                         
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1. INTRODUCTION 

The current socio-ecological crisis entangles multiple dimensions, from climate change, 

deforestation, pollution and biodiversity loss to food insecurity, water scarcity, socio-economic 

inequality and injustice, and the continued threat to livelihoods, ways of life and culture of local and 

indigenous communities around the world (Latour & Weibel, 2005; Shiva, 2005; Galeano, 2010). The 

interconnectedness between these environmental, social-cultural, economic and political problems 

– and their roots in the expansion of the capitalist structure of modern western societies (Escobar, 

1995; Mies & Shiva, 1998; Quijano, 2000; Shiva, 2016) – impose critical challenges to science for 

supporting and confronting the pressing problems we face today (Hulme, 2014; Bertuol-Garcia et al., 

2018). Being a key component of the way modern western societies are structured, science 

frequently reproduce inequalities and injustice (Carter & Silva, 2011; Metcalf et al., 2018; Diele-

Viegas et al., 2022), and research agendas and scientific policies are commonly tied to economic 

interests (Aronowitz & Giroux, 2000; Busch, 2017). The common perception of science as value-free 

and a neutral arbiter (Sarewitz, 2004; Sarewitz, 2015; Pardini et al., 2021) allows systems of injustice 

to persist unchallenged, leads to science politicization and disfavor the consideration of other types 

of knowledge (Freire, 1971; Wiesel, 1999; Hall & Tandon, 2017; Turnhout et al., 2020).  

Indeed, many authors have argued that science has not been effective in helping to solve the pressing 

problems we face today (Lubchenco, 1998; Sarewitz, 2004; McNie, 2007), nor has fulfilled 

expectations of serving society by responding to its needs and priorities (Kitcher, 2003; Sarewitz & 

Pielke, 2007; Dilling & Lemos, 2011). Indeed, researchers in many scientific fields – from those 

concerned with the governance of socio-ecological systems (Lee, 2001; Kloprogge & Sluijs, 2006) to 

those focusing on socio-environmental justice in territorialized communities (Eisinger & Senturia, 

2001; Berardi, 2002) or equity in relationships between students and teachers (Lewin, 1946; Tripp, 

2005) or patients and doctors (Gilliland et al., 2019) - recognize that the traditional way science is 

organized, and scientific knowledge built, prevent effective support to societal transformations. 

There are two main commonly recognized proximate obstacles preventing science to support these 

transformations. First, the complex and intertwined (social, environmental, economic, and 

institutional) nature of societal problems (Folke, 2006) requires taking into account multiple 

dimensions or perspectives (Murer et al., 2018), as actions can have unexpected and undesired 

consequences through feedback across physical, ecological and social systems (Gardner et al., 2013). 

Addressing complex systems and problems demands, then, the consideration of multiple areas of 

expertise (Max-Neef, 2005), despite the current disciplinary orientation of science (Ferrer-Balas et 

al., 2010). Second, the multiplicity of values and interests within society, and concerns about social 
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equity and justice, make many of the problems we face today difficult to define and to reach 

agreement on (Rittel & Webber, 1973; Roberts, 2000). Lack of agreement on which is the problem 

then frequently makes technocratic solutions to be perceived as improper, misplaced, insensitive or 

unacceptable by different stakeholders. Besides, such strategies tend to keep citizens distanced from 

relevant and urgent issues, impairing citizenry and democracy (Teixeira, 1988; Roberts, 2000). Thus, 

confronting the pressing current issues requires articulating not only multiple disciplinary knowledge 

but also varied knowledge and discourse from outside academia (Scholtz & Steiner, 2015).      

However, the traditional, unidirectional way of conceptualizing the relationship between science and 

practice assumes that science should be auto-regulated and free from societal pressures, and that 

accumulated knowledge would automatically flow from science to practice (Bertuol‐Garcia et al. 

2018; Neff, 2020). Solutions to bridge science and practice within this perspective usually focus on 

facilitating the flux, access, and use of scientific knowledge in practice within an evidence-based 

approach to practice (e.g. Sackett et al., 1996; Pullin & Knight, 2001). This view supports current 

scientific policies that measure academic success and productivity through the number and impact 

of specialized publications (Neff, 2020). It also disregards the relevance of other types of knowledge 

to tackle situated problems, as well as the multiplicity of perspectives and values that influence the 

framing of real-world problems, the need to politically negotiate and mediate interests related to 

these problems, and - first and foremost - the need to deal with power asymmetries that prevent 

many from having they worldviews and values considered (Ansell & Gash, 2008; Krenak, 2019). 

This complex interplay between science policies and the dominant, unidirectional perspective on 

science-practice interface underscores the imperative for critical examination of norms and culture 

in academia that prevent bidirectional, plural and horizontal ways of connecting science and practice 

(Rocha et al., 2020). Such transdisciplinary approaches are context-driven, problem focused and 

require the engagement of multiple disciplines and knowledge types (Norström et al., 2020), allowing 

for the consideration of factors other than those related to science, such as political interests, social 

values, and feasibility of actions. By focusing on joint knowledge-production processes, this 

perspective may also favor confronting the potential ambiguity brought about by science and its 

underlying value positions (Collingridge & Reeve, 1986; Sarewitz, 2004). By allowing to deal with 

value differences and negotiate value positions, it may lead to more democratic decision-making 

processes (Collingridge & Reeve, 1986; Albaek, 1995), if power asymmetries are recognized and 

confronted (Turnhout et al., 2020). Furthermore, transdisciplinary approaches may also potentially 

foster other types of science uses beyond the instrumental use, such as conceptual and symbolic 

uses (Amara, 2004; Nutley et al., 2007). 
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The term transdisciplinarity is frequently adopted to define the articulation between unrelated 

disciplines and non-academic knowledge (Tress et al., 2005; Reyers et al., 2010), encompassing the 

combination between interdisciplinarity and participatory approaches (Tress et al., 2005; Jahn et al., 

2012). Disciplinary knowledge articulation is useful in the context of the complexity of socio-

ecological systems, and participatory approaches are of value for dealing with problem definition 

accounting for different perspectives and to deal with power asymmetries and equity. A 

transdisciplinary way of conducting science may then confront the two main proximate obstacles 

preventing science effectiveness in supporting initiatives to solve the pressing problems we face 

today, fostering knowledge articulation, joint problem definition, power distribution and negotiation 

of value positions (Scholtz & Steiner, 2015). As such, transdisciplinary approaches emerged in 

numerous academic domains (Ludwig et al., 2023), from fields such as conservation biology, health 

sciences, and policy studies (Bohensky & Maru, 2011; Reyes-García & Benyei, 2019; Ludwig et al., 

2023). 

This multiplicity of transdisciplinary approaches that arose across a variety of scientific fields received 

different names (McNie, 2007). For instance, Scholtz & Steiner (2015) identified approaches similar 

to transdisciplinarity, such as community-based participatory research (Fals-Borda & Rahman, 1991; 

Leung et al., 2004) or variants of action research (Kemmis et al., 2004). Nevertheless, there has 

apparently been poor connection and debate among the proponents and users of these approaches, 

which seem mainly restricted to certain scientific domains, making difficult to understand their 

similarities and differences and restricting learning and sharing of challenges and solutions. In 

addition, the term transdisciplinarity has been frequently used with no clear definition, lacking 

specification of how to conduct these processes in practice (Jahn et al., 2012). 

Moreover, despite the growing recognition (e.g. Nature, 2018) of the positive aspects of 

transdisciplinarity as an adequate scientific response to pressing societal problems, substantial 

challenges hamper collaborative interactions across multiple actors and hinder processes of 

knowledge articulation and action (Jahn et al., 2012; Brandt et al., 2013). For instance, Bertuol-Garcia 

& collaborators (2018) argue there are four main factors preventing transdisciplinarity. The first 

concerns epistemological issues related to differences between science and practice concerning the 

nature of knowledge and which process of knowledge generation is considered valid. The second 

refers to cultural differences between scientists and other actors. The third is related to difficulties 

associated with organizational and institutional arrangements, such as formal education that does 

not train scientists for transdisciplinary approaches, professional evaluation systems that focus on 

the publication of scientific articles, among others. The fourth concerns prevalent models of science-

https://philpapers.org/archive/LUDTPO-5.pdf
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practice interface, such as the idea that a unidirectional flow of knowledge is sufficient to link science 

and practice, or that only objective, value-free knowledge is relevant to practice.  

Given the potential but also the challenges associated with transdisciplinary approaches to link 

science and practice, fostering learning and sharing on how to effectively put these approaches into 

practice is key. Identifying and comparing the multiple approaches available in the literature can help 

in this endeavor, by connecting distinct views, identifying solutions to confront known challenges as 

well as detecting gaps limiting the advance of this perspective. Bibliometric studies are useful to 

accomplish that, allowing the description of the development of a topic across scientific communities 

(Klavans & Boyack, 2016). Coupled with citation network analysis, it has been successful in providing 

general frameworks that identify the different communities and perspectives on interdisciplinary 

topics such as resilience (Xu & Kajikawa, 2018) and the role of scientists as policy advisors (Spruijt et 

al., 2014). 

2. OBJECTIVES 

By means of a comprehensive literature review and citation network analysis, we aim at: 

a) compiling the names and characterizations of available transdisciplinary approaches in the 

scientific literature, and creating a glossary for the dominant approaches; 

b) identifying the distinct scientific communities using transdisciplinary approaches and 

characterizing them in terms of their domain of interest, degree of connection by citation, 

and the approaches they use; and 

c) compare qualitative differences across dominant approaches as well as their distribution 

across communities, pointing out how communities could learn from each other. 

3. METHODS 

To identify and characterize scientific communities using transdisciplinary approaches, we started by 

inventorying the terms used to name the variety of such approaches in the literature. We then used 

these terms as keywords in a bibliographic search in Scopus. Results from the search were analyzed 

through a direct citation network using an algorithm suitable to identify clusters of papers that cite 

each other frequently. Assuming these clusters represent scientific communities, whose researchers 

share in some degree literature sources, we characterized the thematic scope and the connections 

among the 13 largest clusters/communities. We then created a glossary for the 11 dominant 

transdisciplinary approaches, analyzed their distribution across the largest communities and 

qualitatively compared them to highlight how communities can learn from each other (Figure 1).   
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Figure 1 – Schematic representation of the steps used to identify and describe transdisciplinary approaches 
and communities. Dark and light gray boxes represent methodological steps and black boxes products or 
results. Dotted and dashed lines circumscribe the steps related to each result/product. 
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3.1. Inventorying transdisciplinary approaches 

We first identified the terms used to name approaches that could potentially be characterized as 

transdisciplinary (i.e. require the participation of multiple actors/knowledge/values either in 

research, management or policy) and compiled published definitions/characterizations of each of 

them. For the identification of terms (Appendix A), we started by relying on published reviews 

concerning the compilation of different strategies to link science and practice/policy, as well as the 

definition and comparison of transdisciplinarity to other approaches. Next, we conducted an active 

search in Scopus for additional terms, and included extra terms known by the authors and/or found 

while compiling the definitions and characterizations of each approach. Our initial list included 71 

terms (Appendix B). For all of them, we searched for and compiled definitions and characterizations 

from different sources (Appendix A).  

Then, we specified a definition of transdisciplinary approaches from which we established the 

essential elements of such approaches and used them as criteria to evaluate all initially listed 

approaches to select the final set to be considered here. We defined a transdisciplinary approach as 

ways of conducting research, management, planning or decision making, or of producing knowledge 

or public discourse, that aim at solving real-world problems by linking science and practice (including 

also organizations designed for, and specific techniques used in, the process of doing so). In such 

approaches, the linkage between science and practice is based on the sharing of multiple scientific 

and non-scientific - including experiential - types of knowledge in an iterative, multi-way and 

influential manner. From this definition, we derived three criteria (Figure 2) to select the final set of 

55 terms naming approaches that fulfill our definition (Appendix B). If a given approach had a broad 

definition, or more than one definition, suggesting that it can - but not always is - used in a way that 

includes all the three essential elements to be considered transdisciplinary, we excluded it, or – if 

available - we retained a specific term given to a particular way of using that approach that fulfill our 

criteria (e.g. retaining “participatory team science” rather than “team science”). 

 
Figure 2 – The three criteria used to screen approaches and decide which were transdisciplinary. 
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3.2. Bibliographic search 

To identify the scientific publications that focus on the conceptual development, application, use, 

evaluation, and other aspects of transdisciplinary approaches to link science and practice, we 

conducted a bibliographic search in the Scopus database, with no restriction of scientific fields or 

period of time, searching for the 55 terms or expressions naming transdisciplinary approaches in 

either the title, abstract or keywords of publications (i.e. Scopus Topic field; Appendix C).  

The Scopus database is one of the largest curated databases covering scientific journals, books and 

conference proceedings, and one of the most widely used databases for bibliometric analyses (Singh 

et al., 2021). It includes more indexed publications and unique journals compared to other important 

databases, such as Web of Science (Visser et al., 2020; Singh et al., 2021), being a large and diverse 

collection of indexed journals from various disciplines, and helping to identify a considerable number 

of valuable citations not found in other databases (Yang & Meho, 2006).  

The search was completed on May 31st 2022 and returned 130,279 publications. As the Scopus 

interface (https://scopus.com/) allows downloading information from a maximum of 2,000 

publications at a time, we developed in R a script to extract information from the list of returned 

publications through the Scopus API (Appendix D). An API (Application Programming Interface) is a 

set of protocols, routines, and tools for building software applications that allow for computer-to-

computer interaction (EDP, 2023). APIs can be thought of as a kind of contract between the provider 

of the API and the user, where the provider specifies the data and functionality that can be accessed 

through the API. The Scopus API involves citation data, metadata, and abstracts from scholarly 

journals, as indexed by Scopus (EDP, 2023).  

The input was the list of 55 terms or expressions to be searched at Scopus database and the output 

consisted on data about each of the 130,279 returned publications - authors and their affiliations, 

title, abstract, keywords, standard references, journal, knowledge area/subject, and year of 

publication, among others, such as the ID (i.e. number of identification) each publication of Scopus 

receives - extracted in a table format called bibliographic dataframe - used in developing citation 

network analysis (Figure 3).  

3.3. Citation Network Analysis 

Citation network analysis has proved to be useful for studying the dynamics of scientific communities 

(Vincenot, 2018), and has already been used to identify the scientific communities that depart from 

distinct perspectives to study the role of scientists as policy advisors (Spruijt et al., 2014) – a topic 
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associated with transdisciplinarity.  

 

Figure 3 – Schematic representation of the steps and procedures to develop the citation network analysis: from 
the bibliographic dataframe containing the information on the returned publications in the Scopus search (A), 
the ID of the publications and the ID of the references of the publications were crossed (B) and a matrix of 
publications that cite each other - bibliographic matrix - was generated (C). From the bibliographic matrix, the 
citation network - in which publications are nodes and citations are edges - was built (E). Finally, using the 
Louvain algorithm, the clusterization of publications was reached and scientific communities identified.  

We used the results of the bibliographic search to develop a Citation Network Analysis, through a 

direct citation network, in which publications are the nodes connected by citations (Figure 3). Among 

the types of networks representing relationships between authors and/or publications (i.e. direct 

citation, co-citation, co-authorship and bibliographic coupling), we used direct citation network, as 

it is considered better for investigating long-term scientific development of a topic (rather than the 

recent research front), providing a more accurate representation of the classification of scientific 

knowledge than other network representations (Klavans & Boyack, 2016). To do so, we used the 

Bibliometrix R package (Aria & Cuccurullo, 2017) and the Scopus ID of returned publications and of 

their references (Appendices D and E). The result is a correlation matrix with which it is possible to 

identify which publications are connected through citation (Figure 3). 

Then, we used an algorithm to identify groups of papers - clusters - that are more connected through 

citation among themselves than with publications from other groups – interpreted here as scientific 

communities that communicate through citation. Using the Louvain algorithm, suitable for 

identification of clusters (compartments) in large and heterogeneous networks (Yang et al., 2016) as 



22 
 

ours (Appendix F), we identified which publications belong to distinct scientific communities that use 

transdisciplinary approaches (Figure 3). To visualize the network with its clusters/communities, we 

used a graph layout technique in Gephi (Gephi, 2023), by uploading the network edges and nodes 

extracted from the Bibliometrix R package (Appendix D).  

Direct citation networks frequently encompass a large number (hundreds to thousands) of clusters 

containing a relatively small proportion of publications, making the description of all of them 

unfeasible. However, the largest clusters (communities) usually include a large proportion of the 

total set of papers in the network (e.g. Xu & Kajikawa, 2018). Here, we focused on the 13 largest 

clusters (with more than 1,500 publications), which encompass 83.7% of the publications in the 

network and guarantee surpassing the breaking point of the accumulation curve of publications 

across clusters/ communities (Figure 4). 

 

Figure 4 - Accumulated proportion of publications in the network across clusters/ communities ranked by the 
number of publications. 
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3.4. Characterization of transdisciplinary communities 

Following Xu & Kajikawa (2018), we named and defined the scope of each of the 13 largest 

communities considering its thematic focus, which was identified by (a) the most used terms in titles, 

abstracts and keywords of its publications (excluding the terms used to name the 55 transdisciplinary 

approaches); (b) title of the most common journals where its publications are published; and (c) the 

titles of the most central and cited publications within each community. We considered as central 

the publications that simultaneously had the highest values for three indices of centrality within each 

community - Closeness centrality, Betweenness centrality and PageRank score1, and as most cited 

those with the highest number of citations within each community (in both cases, we excluded 

publications focusing on transdisciplinary approaches whose titles did not contribute to characterize 

the thematic scope of each community). These three types of information were obtained using the 

R package Bibliometrix (Aria & Cuccurullo, 2017; Appendix D). 

Hence, through the most mentioned terms, the most dominant journals, and the focus of the most 

central and cited publications, we identified the thematic scope of the 13 communities and named 

them accordingly. By comparing the thematic scope across the 13 communities, we grouped them 

into five thematic domains. As such, these domains include communities similar in thematic scope, 

irrespective of their connections through citations. We also characterized each of the 13 

communities in terms of: (a) the number of publications, and the degree of connection within the 

community (i.e. citations between publications of the community) and between communities (i.e. 

citations between publications of the community and the rest of the network); (b) the year of its first 

publication, countries of the affiliation of the first authors of its publications, and the subject areas 

(as classified in Scopus from the All Science Journal Classification - ASJC) of the journals of its 

publications; and (c) the dominant transdisciplinary approach - identified by the distribution and 

frequency of approaches across communities. Finally, we described the relationships among 

communities from the Gephi visualization of the network and the number of connections (citations) 

within and between communities and domains.  

  

                                                 
1 According to Aria and Cuccurullo (2023), Closeness centrality “measures how many steps are required to 
access every other vertex from a given vertex”; Eigenvector centrality “is a measure of being well-connected 
connected to the well-connected”; and PageRank score “approximates probability that any message will arrive 
to a particular vertex”. 
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3.5. Characterization of transdisciplinary approaches  

For each of the 55 approaches, we computed the number of publications in the network and the 

number of communities and domains that use or mention it. We then tested with a linear model if 

the variation across approaches in the number of communities mentioning them was explained by 

the variation across approaches in the number of publications within the network (i.e. whether 

transdisciplinary approaches with more publications are mentioned in a larger number of 

communities or otherwise there are approaches less or more widely distributed across communities 

than expected by the number of publications in the network).  

Among the largest 13 transdisciplinary communities, we identified 11 dominant approaches that 

together are associated with 83.7% of their publications. To create a glossary of these dominant 

transdisciplinary approaches, we compiled, for each of them, a short description, containing a brief 

characterization and a short list of key references (Appendix G).  

We synthesized the distribution of the dominant transdisciplinary approaches across the largest 

transdisciplinary communities from a biplot of a Principal Coordinates Analysis (PCoA) - a metric 

multidimensional scaling method designed to explore and to visualize similarities or dissimilarities of 

data based on projection (Xia, 2020). PCoA uses spectral decomposition to approximate a matrix of 

distances/dissimilarities by the distances to reduce dimensions of data points (Gower, 2014). The 

PCoA analysis was run using the Bray-Curtis dissimilarity of the proportion of total publications of 

each largest community that correspond to each dominant approach. Finally, we qualitatively 

compared the similarities and differences among the 11 dominant approaches based on their 

definitions and key references (Appendix G).  

4. RESULTS 

We identified 55 transdisciplinary approaches, from which 130,279 publications returned in the 

search in Scopus, 83,135 of which had their citation references standardized in the database 

(Appendix E). These publications resulted in a direct citation network composed of 55,744 nodes 

(publications) and 161,619 connections/edges (citations among them). The Louvain algorithm 

identified 2,455 clusters/ communities, from which the 13 largest concentrate 46,656 publications 

(83.7% of the publications in the network) and 149,874 connections (92.7% of the connections in the 

network), being 84.25% (126,270) of the connections within communities and 15.75% (23,604) 

between communities. Below we characterize the 13 largest communities grouped into five 

domains. 
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4.1. Characterization of transdisciplinary domains and communities 

The 13 largest communities were grouped into five domains (different colors in Figure 5) based on 

the similarity in general thematic scope, as shown by the prevalence of journals in specific 

combinations of areas of knowledge within each domain (Figure 6a).  

 

Figure 5 - Visualization of the 13 largest communities of the network. The communities of the same color are 
related to the same domain - Green: Socio-environmental; Blue: Health; Pink: Medicine; Orange: Business and 
management; and Red: Teaching and education. Elaborated with Gephi. 
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Figure 6 - Proportion of publications within each of the 13 largest communities (and within the entire network) 
per (a, above) knowledge area of the journals where they are published, (b, middle) country of the affiliation 
of the first author, and (c, bellow) transdisciplinary approaches mentioned in them. 



27 
 

4.1.1. Socio-environmental domain 

The socio-environmental is the largest domain, encompassing four communities and including 28.9% 

of the publications of the network and 38.7% of its connections (93.3% within communities and 6.7% 

between communities). All four communities publish in journals from five key areas of knowledge - 

"environmental sciences", "social sciences", "agricultural and biological sciences", "earth and 

planetary sciences" and "economics, econometrics and finance" (Figure 6a) - and focus on 

confronting or managing socio-environmental issues or systems (Figure 7 and Table 1). 

4.1.1.1. Sustainability and policy  

The Sustainability and policy community has had publications since 1947 (Table 2). The United States, 

United Kingdom, and Germany are the most frequent countries of the affiliation of the first authors 

(Figure 6b). This is the second largest community of the network, with 5,168 publications and 25,932 

connections - 17,306 within the community and 8,626 between communities (external connections 

roughly almost half of the internal connections; Table 2). The most frequent terms in the title, 

abstract and keywords of its publications (Figure 7) indicate that the community is interested in 

policy, sustainability, management, development of socio-environmental systems (concerning 

particularly water and climate) through participatory learning processes connecting scientific 

research, knowledge, assessments, and analysis to stakeholders. The focus on environmental 

sustainability and policy, together with the emphasis on the links between science and 

policy/society, ecological economics, agriculture, and land use is evident in the name of the most 

frequent journals (Figure 7). The most cited and central publications reiterate the emphasis on 

sustainability science and policy, ecosystem services and land use change, as well as linking science 

to society (Table 1). The Sustainability and policy community is the one using or mentioning the 

largest variety of transdisciplinary approaches - 53 out of the 55 included in the network (Fig. 5c). 

The approach “transdisciplinarity” itself dominates the community being mentioned in 34.2% of its 

publications, followed by adaptive management (11.6%), action research (7.7%), participatory 

research (7,5%), and integrated assessment (6.5%). 
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Figure 7 - Word-clouds of the most common terms in the title, abstract, and keywords (left) and the most common 
journals (right) of the publications of the four communities within the Socio-environmental domain, respectively, 
Sustainability and policy; Ecosystem management; Resilience to environmental and climate change; and Models and 
scenarios of energy, emissions and climate. 
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Table 1 – Most central (i.e. simultaneously with the highest values in three indices of centrality) and most cited 
publications within the four communities of the Socio-environmental domain. In bold, the most informative words in the 
titles of these publications for interpreting the thematic scope of the communities. 

Community Title of the most central publications Title of the most cited publications 

Sustainability 
and policy 

Science for the post-normal age (Funtowicz & Ravetz, 
1993) 

Environmental literacy in science and society: From 
knowledge to decisions (Scholz & Binder, 2011) 

Reconciling the supply of scientific information with user 
demands: an analysis of the problem and review of the 
literature (McNie, 2007) 

Transdisciplinary research in sustainability science: 
Practice, principles, and challenges (Lang et al., 2012) 

Public participation in scientific research: A framework for 
deliberate design (Shirk et al., 2012) 

Boundary Organizations in Environmental Policy and 
Science: An Introduction (Guston, 2001) 

 

Science for the post-normal age (Funtowicz & Ravetz, 
1993) 

Transdisciplinary research in sustainability science: 
Practice, principles, and challenges (Lang et al., 2012) 

Managing ecosystem services: What do we need to know 
about their ecology? (Kremen, 2005) 

Pollination and other ecosystem services produced by 
mobile organisms: A conceptual framework for the 
effects of land-use change (Kremen et al., 2007) 

Boundary Organizations in Environmental Policy and 
Science: An Introduction (Guston, 2001) 

Categorising tools for sustainability assessment (Ness et 
al., 2007) 

Ecosystem 
management 

Evolution of co-management: Role of knowledge 
generation, bridging organizations and social learning 
(Berkes, 2009) 

A conceptual framework for analysing adaptive capacity 
and multi-level learning processes in resource 
governance regimes (Pahl-Wostl, 2009) 

Resilience and sustainable development: Building 
adaptive capacity in a world of transformations (Folke 
et al., 2002) 

Shooting the rapids: Navigating transitions to adaptive 
governance of social-ecological systems (Olsson et al., 
2006) 

Rediscovery of Traditional Ecological Knowledge as 
adaptive management (Berkes et al., 2000) 

Adaptive comanagement for building resilience in social-
ecological systems (Olsson et al., 2004) 

Regime shifts, resilience, and biodiversity in ecosystem 
management (Folke et al., 2004) 

Rediscovery of Traditional Ecological Knowledge as 
adaptive management (Berkes, 2000) 

Ecological resilience In theory and application 
(Gunderson, 2000) 

Resilience and sustainable development: Building 
adaptive capacity in a world of transformations (Folke 
et al., 2002) 

Evolution of co-management: Role of knowledge 
generation, bridging organizations and social learning 
(Berkes, 2009) 

Climate change and forests of the future: Managing in 
the face of uncertainty (Millar et al., 2007) 

Resilience to 
environmental 

and climate 
change 

Resilience: The emergence of a perspective for social-
ecological systems analyses (Folke, 2006) 

Linkages between vulnerability, resilience, and adaptive 
capacity (Gallopin, 2006) 

More evolution than revolution: Transition management 
in public policy (Rotmans et al., 2001) 

Vulnerability: A generally applicable conceptual 
framework for climate change research (Füssel, 2007) 

Adaptation to environmental change: contributions of a 
resilience framework (Nelson et al., 2007) 

Adaptive capacity and its assessment (Engle, 2011) 

Resilience: The emergence of a perspective for social-
ecological systems analyses (Folke, 2006) 

Linkages between vulnerability, resilience, and adaptive 
capacity (Gallopin, 2006) 

Functions of innovation systems: A new approach for 
analysing technological change (Hekkert et al., 2007) 

Urban greening to cool towns and cities: A systematic 
review of the empirical evidence (Bowler et al., 2010) 

The governance of sustainable socio-technical transitions 
(Smith et al., 2005) 

Adaptation to environmental change: contributions of a 
resilience framework (Nelson et al., 2007) 

Models and 
scenarios of 

energy, 
emissions and 

climate 

Ten iterative steps in development and evaluation of 
environmental models (Jakeman et al., 2006) 

Selecting among five common modelling approaches for 
integrated environmental assessment and 
management (Kelly et al., 2013) 

Integrated assessment modeling of global climate change: 
Transparent rational tool for policy making or opaque 
screen hiding value-laden assumptions? (Schneider, 
1997) 

Integrated environmental modeling: A vision and roadmap 
for the future (Laniak et al., 2013) 

Adaptation to climate change and climate variability in 
European agriculture: The importance of farm level 
responses (Reidsma et al., 2010) 

Learning from integrated assessment of climate change 
(Morgan & Dowlatabadi, 1996) 

The representative concentration pathways: An overview 
(Van Vuuren et al., 2011) 

Long-term climate change: Projections, commitments and 
irreversibility (Collins et al., 2013) 

The RCP greenhouse gas concentrations and their 
extensions from 1765 to 2300 (Meinshausen et al., 
2011) 

A scenario of comparatively high greenhouse gas 
emissions (Riahi et al., 2011) 

Climate change and food systems (Vermeulen et al., 
2012) 

The geographical distribution of fossil fuels unused when 
limiting global warming to 2°C (McGlade & Ekins, 
2015) 
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Table 2 – Number of publications, as well as of internal and external connections (citations within and between 
communities, respectively), proportion of internal connections to external connections, and year of - and 
period of time since - the first publication associated with each of the 13 largest transdisciplinary communities 
and five domains. 

Community / Domain 
# 

publications 
# internal 

connections  
# external 

connections  

Internal  
to external  
connections 

Year first  
 publication 

Period of  
time first  

publication 

Sustainability and policy 5,168 17,306 8,626 49.8% 1947 76 years 

Ecosystem management 4,345 15,118 5,904 39.0% 1968 55 years 

Resilience to environmental 
 and climate change 

3,655 8,939 5,243 58.7% 1982 41 years 

Models and scenarios of energy,  
emissions and climate 

2,752 8,354 1,870 22.4% 1989 34 years 

Socio-environmental domain 15,920 
58,437 

(8,720)* 
4,175  7.1% 1947 76 years 

Community and  
minority health 

6,673 23,596 6,806 28.8% 1981 42 years 

Participatory inquiry for 
community development  

3,107 7,061 4,267 60.4% 1981 42 years 

Care and nursing 2,437 5,270 3,593 68.2% 1967 56 years 

Health domain 12,217 
39,841 

(3,914)* 
  6,838  17.2% 1967 56 years 

Information systems 4,025 9,735 3,834 39.4% 1946 77 years 

Organizational processes 2,373 4,809 1,091 22.7% 1975 48 years 

Technology, innovation and  
development 

1,731 4,751 969 20.4% 1979 44 years 

Business and  
management domain 

8,129 
19,953 
(658)*  

4,578  22.9% 1946 77 years 

Translating scientific knowledge 
into medical practice  

5,323 11,637 3,559 30.6% 1979 44 years 

Animal models to  
study human diseases  

2,208 3,279 402 12.3% 1978 45 years 

Medicine domain 7,531 
15,262 
(346)* 

3,104  20.3% 1979 45 years 

Teaching and education 2,859 6,415 2,135 33.3% 1953 70 years 

Teaching and  
education domain 

2,859 6,415 2,135 33.3% 1953 70 years 

* External connections between communities of the same domain which have become internal connections of the domain. 
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4.1.1.2. Ecosystem management  

The Ecosystem management community has publications dating back to 1968 (Table 2). The most 

frequent countries of the affiliation of the first authors are the United States, Australia, and Canada 

(Figure 6b). The community comprises 4,345 publications and 21,022 connections - 15,118 within 

the community and 5,904 between communities (external connections account for 39% of the 

internal connections; Table 2). The most common terms in the title, abstract and keywords of its 

publication suggest the community focus on the governance, restoration, management, planning, 

monitoring, conservation, and adaptation of ecological systems/ecosystems (especially related to 

forests, water, natural resources, and species) (Figure 7). The most frequent journals clearly show 

the emphasis in ecological systems (containing terms related to ecology, biology, natural resources, 

biodiversity, wildlife, marine/ocean/coastal, forestry) together mainly with terms related to society, 

management, conservation, restoration, applications, and modelling (Figure 7). The most cited and 

central publications reiterate the relevance to the community of governance and co-management, 

as well as the resilience and uncertainty, of ecosystems and socioecological systems (Table 1). The 

Ecosystem management community uses or mentions 40 transdisciplinary approaches but is highly 

dominated by adaptive management (77.4% of publications mentioning it) and no other approach 

reaches 5% of the publications (Figure 6b). 

4.1.1.3. Resilience to environmental and climate change  

The Resilience to environmental and climate change community has 3,655 publications, with the first 

of them dating back to 1982 (Table 2). The United States, the United Kingdom, and Australia are the 

most frequent countries of the affiliation of the first authors (Figure 6b). The community has 14,182 

connections, from which 8,939 are within the community and 5,243 between communities - external 

connections representing 58.7% of the internal connections (Table 2). Both the most common terms 

in the title, abstract and keywords of its publications (Figure 7) and the most cited and central 

publications (Table 1) indicate the community emphasizes the research, management, development, 

and policy considering the future, vulnerability (risks and impacts) and the adaptation of systems and 

communities to environmental (urban, water) and climate change (Figure 7). While the journals 

where its publications are published are diverse, the focus on global, environmental, and climate 

change is evident as the terms are part of the name of many of these journals (Figure 7). The 

community uses/mentions 38 transdisciplinary approaches, but it is also highly dominated by 

adaptive management (64.9% of its publications), with transdisciplinarity, integrated assessment, 

and action research also relevant (around 5% each) (Figure 6c).  
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4.1.1.4. Models and scenarios of energy, emissions and climate  

The Models and scenarios of energy, emissions and climate community has had publications since 

1989 (Table 2). The United States of America, Germany, and Netherlands are the most frequent 

countries of the affiliation of the first authors (Figure 6b). The community contains 2,752 publications 

and 10,224 connections - 8,354 within the community and 1,870 between communities (external 

connections around 22.5% of the internal connections; Table 2). The most frequent terms in the title, 

abstract and keywords of its publications indicate the community focuses on assessing future 

scenarios and modeling impacts and change in carbon emissions, energy and climate for the 

management, adaptation, and mitigation of global/environmental systems (land, water and air) 

(Figure 7). The journals where its publications are published are also varied and include among the 

most frequent – beside those concerning climate change – some concerning energy policy and 

economics, economics in general and journals focusing on modeling (Figure 7). The focus on 

modelling, forecasting and projections for climate change, fossil fuels distribution and greenhouse 

gas emissions are also emphasized in the most cited and central publications (Table 1). The 

community uses or mentions 20 transdisciplinary approaches but is dominated by integrated 

assessment (72.6%) and adaptive management (20.4%) (Figure 6c). 

4.1.2. Health domain 

The Health domain, which encompasses 22.2% of the publications and 28.9% of the connections of 

the network (85.4% within communities and 14.6% between communities), is the second largest 

domain encompassing three communities. All of them share a focus on promoting health, care, well-

being, and quality of life (Figure 8) and publish in journals mainly from four key areas of knowledge 

- "medical & health sciences", "social sciences", "psychology" and "nursing" (Figure 6a; Table 3).  
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Figure 8 - Word-clouds of the most common terms in the title, abstract, and keywords (left) and the most 
common journals (right) of the publications of the three communities within the Health domain, respectively, 
Community and minority health; Participatory inquiry for community development; and Care and nursing. 
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Table 3 – Most central (i.e. simultaneously with the highest values in three indices of centrality) and most 
cited publications within the three communities of the Health domain. In bold, the most informative words 
in the titles of these publications for interpreting the thematic scope of the communities. 
Community Title of the most central publications Title of the most cited publications 

 
Community 
and minority 

health 

Review of community-based research: Assessing 
partnership approaches to improve public 
health (Israel et al., 1998) 

Community-based participatory research: Policy 
recommendations for promoting a partnership 
approach in health research (Israel et al., 
2001) 

Community-based participatory research from the 
margin to the mainstream are researchers 
prepared? (Horowitz et al., 2009) 

Community-based participatory research 
contributions to intervention research: The 
intersection of science and practice to 
improve health equity (Wallerstein & Duran, 
2010) 

Participatory research for environmental justice: 
a critical interpretive synthesis (Davis & 
Ramírez-Andreotta, 2021) 

Community-based participatory research: A 
promising approach for increasing 
epidemiology's relevance in the 21st century 
(Leung et al., 2004) 

Review of community-based research: Assessing 
partnership approaches to improve public health 
(Israel et al., 1998) 

Action-oriented population nutrition research: High 
demand but limited supply (Pham & Pelletier, 
2015) 

Community-based participatory research 
contributions to intervention research: The 
intersection of science and practice to improve 
health equity (Wallerstein & Duran, 2010) 

Participatory research in the post-normal age: 
Unsustainability and uncertainties to rethink 
paulo freire’s pedagogy of the oppressed (Giatti, 
2019) 

A logic model for community engagement within the 
clinical and translational science awards 
consortium: Can we measure what we model? 
(Carter-Edwards et al., 2013) 

Youth as Partners, Participants or Passive Recipients: 
A Review of Children and Adolescents in 
Community-Based Participatory Research (CBPR) 
(Jacquez et al., 2013) 

Participatory 
inquiry for 
community 

development  

The origins and practice of participatory rural 
appraisal (Chambers, 1994) 

Modifying Photovoice for community-based 
participatory Indigenous research (Castleden 
& Garvin, 2008) 

Social geography: Participatory research (Pain, 
2004) 

Participatory action research: Theory and 
methods for engaged inquiry (Chevalier & 
Buckles, 2013) 

Photovoice as community-based participatory 
research: A qualitative review (Hergenrather et 
al., 2009) 

The personal is political: Developing new 
subjectivities through participatory action 
research (Cahill, 2007) 

An ecological approach to creating active living 
communities (Sallis, 2006) 

The origins and practice of participatory rural 
appraisal  (Chambers, 1994) 

Photovoice: A participatory action research strategy 
applied to women's health (Wang, 1999) 

Qualitative Research Designs: Selection and 
Implementation (Creswell et al., 2007) 

Do attributes in the physical environment influence 
children's physical activity? A review of the 
literature (Davison & Lawson, 2006) 

Participatory development and empowerment: The 
dangers of localism (Mohan & Stokke, 2000) 

Care and 
nursing 

Action research in nursing and healthcare 
(Williamson et al., 2012) 

Managing change in healthcare: Using action 
research (Parkin, 2009) 

Action research: what is it? How has it been used 
and how can it be used in nursing? (Holter & 
Schwartz‐Barcott, 1993) 

Community-based participatory research: 
Advancing integrated behavioral health care 
through novel partnerships (Mendenhall et al., 
2013) 

Action research in health promotion (Whitehead 
et al., 2003) 

Participatory design in health sciences: Using 
cooperative experimental methods in 
developing health services and computer 
technology (Clemensen et al., 2007) 

Users' guides to the medical literature: XXV. 
Evidence-based medicine: Principles for applying 
the users' guides to patient care (Guyatt, 2000) 

Testing the reliability and efficiency of the pilot Mixed 
Methods Appraisal Tool (MMAT) for systematic 
mixed studies review (Pace et al., 2012) 

A holistic framework to improve the uptake and 
impact of ehealth technologies (van Gemert-
Pijnen et al., 2011) 

Qualitative research in health care Using qualitative 
methods in health related action research 
(Meyer, 2000) 

Qualitative research: Grounded theory, mixed 
methods, and action research (Lingard et al., 
2008) 

Factors that influence the implementation of e-
health: A systematic review of systematic reviews 
(an update) (Ross et al., 2016) 
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4.1.2.1. Community and minority health  

The Community and minority health is the largest transdisciplinary community in the network with 

publications since 1981 (Table 2). Most frequent countries of the affiliation of the first authors are 

the United States (nearly 70%) and Canada (12.6%) (Figure 6b). It contains 6,673 publications and 

30,402 connections - 23,596 within the community and 6,806 between communities (external 

connections account for almost 29% of the internal connections; Table 2). The most common terms 

in the title, abstract and keywords of its publication suggest a focus on the study, knowledge, 

research and development of participatory (i.e. community-based) methods, programs, actions and 

interventions associated with community health and care (Figure 8). The most frequent journals 

show an emphasis on public, family and community health, community psychology, preventive 

medicine, environmental health and health education, with many journals specialized in ethnic, poor, 

underserved, and minority groups (Figure 8). The most cited and central publications reiterate the 

emphasis on community engagement for health equity and environmental justice (Table 3). The 

community uses or mentions 35 transdisciplinary approaches but is dominated by participatory 

research (38.9%) and community based participatory research (31.7%) (Figure 6c). Action research 

is also relevant with 9.2% of the publications. 

4.1.2.2. Participatory inquiry for community development  

The Participatory inquiry for community development has had publications since 1981 (Table 2). The 

United States, the United Kingdom and Canada are the most frequent countries of the affiliation of 

the first authors (Figure 6b). The community comprises 3,107 publications and 11,328 connections - 

7,061 within the community and 4,267 between communities (external connections account for 60% 

of the internal connections; Table 2). The most common terms in the title, abstract and keywords of 

its publications indicate the community emphasizes the study and methods (especially photovoice) 

for the participation of people, students, youth and children in research to promote learning/ 

education, social development and health (Figure 8). The journals where its publications are 

published encompass titles focusing on diverse themes, especially community psychology, 

education, social issues, community development and geography, health promotion, and qualitative 

methodologies, with some specialized in children and on intellectual and learning disabilities (Figure 

8). The most cited and central publications reiterate the emphasis on participatory methodologies 

(especially photovoice) for engaged inquiry, new subjectivities, living communities and 

empowerment (Table 3). There are 33 approaches used or mentioned in this community. Among 

them, action research (34.6%) and participatory research (30.2%) are the dominating, with 
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community based participatory research also relevant, accounting for 10.5% of the total publications 

(Figure 6c). 

4.1.2.3. Care and nursing  

The Care and nursing is a community with publications since 1967 (Table 2), with the most frequent 

countries of the affiliation of the first authors being the United Kingdom, the United States and 

Canada (Figure 6b). The community comprises 2,437 publications and 8,863 connections - 5,270 

within the community and 3,593 between communities (external connections accounting for almost 

70% of the internal connections; Table 2), being the community most connected to other 

communities. The most frequent terms in the title, abstract and keywords of its publications indicate 

the community focuses on the study, methods, learning, education, practice, development and 

implementation of services of care, nursing and health (Figure 8). The journals where its publications 

are published (Figure 8) include many concerned with health and social care, occupational therapy, 

interprofessional care, action research and various aspects (e.g. education, practice, and 

management) of nursing. The most cited and central publications reiterate the emphasis of the 

community in healthcare and nursing, in action research and other participatory methodologies, as 

well as in e-health services (Table 3). Regarding the 29 used or mentioned transdisciplinary 

approaches within it, action research is the most prevalent (70.7%), followed by participatory 

research (13.2%) (Figure 6c). 

4.1.3. Business and management domain 

The Business and management domain, which represents 14.8% of the publications of the network 

and 15.2% of its connections (81.3% within communities and 18.7% between communities), has 

three communities. All of them publish in journals from "business, management and accounting", 

"social sciences" and "computer science", with "engineering", "decision sciences", "economics, 

econometrics and finance" and "environmental science" also relevant (Figure 6a) - and focus on 

managing information, people, and organizations (Figure 9; Table 4). It is also the oldest domain, 

with its first publication dating back to 1946. 
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Figure 9 - Word-clouds of the most common terms in the title, abstract, and keywords (left) and the most common 
journals (right) of the publications of the three communities within the Business and management domain, 
respectively, Information systems; Organizational processes; and Technology, innovation and development. 
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Table 4 – Most central (i.e. simultaneously with the highest values in three indices of centrality) and most 
cited publications within the three communities of the Business and management domain. In bold, the most 
informative words in the titles of these publications for interpreting the thematic scope of the communities. 

Community 
Title of the most central publications 

considering the three indices of centrality Title of the most cited publications 

Information 
systems 

Action Research and Minority Problems (Lewin, 
1946) 

Frontiers in Group Dynamics: II. Channels of Group 
Life (Lewin, 1947) 

Systemic action research: A strategy for whole 
system change (Burns, 2007) 

Advancing scientific knowledge through 
participatory action research (Whyte, 1989) 

Action research: Exploring perspectives on a 
philosophy of practical knowing (Coghlan, 
2011) 

Action research for management research (Eden & 
Huxham, 1996) 

Action Research and Minority Problems (Lewin, 
1946) 

Qualitative research in information systems 
(Myers, 1997) 

Action research for operations management 
(Coughlan & Coghlan, 2002) 

Coping with systems risk: Security planning 
models for management decision making 
(Straub & Welke, 1998) 

The new dynamics of strategy: Sense-making in 
a complex and complicated world (Kurtz & 
Snowden, 2003) 

Building theoretical and empirical bridges 
across levels: Multilevel research in 
management (Hitt et al., 2007) 

Organizational 
processes 

The emergence of boundary spanning competence 
in practice: Implications for implementation and 
use of information systems (Levina & Vaast, 
2005) 

Organizational/environmental interchange: a 
model of boundary spanning activity (Leifer & 
Delbecq, 1978) 

Life in the trading zone: Structuring coordination 
across boundaries in postbureaucratic 
organizations (Kellogg et al., 2006) 

The strength of weak ties you can trust: The 
mediating role of trust in effective knowledge 
transfer (Levin & Cross, 2004) 

Preparing an organization for sustainability 
transitions—the making of boundary spanners 
through design training (Yström et al., 2021) 

Institutional work in the transformation of an 
organizational field: The interplay of boundary 
work and practice work (Zietsma & Lawrence, 
2010) 

 

Beyond local search: Boundary-spanning, 
exploration, and impact in the optical disk 
industry (Rosenkopf & Nerkar, 2001) 

It is what one does: Why people participate and 
help others in electronic communities of 
practice (Wasko & Faraj, 2000) 

All in a day's work: Boundaries and micro role 
transitions (Ashforth et al., 2000) 

Knowledge exchange and combination: The role 
of human resource practices in the 
performance of high-technology firms 
(Collins & Smith, 2006) 

Knowledge networks: Explaining effective 
knowledge sharing in multiunit companies 
(Hansen, 2002) 

Post-adoption variations in usage and value of e-
business by organizations: Cross-country 
evidence from the retail industry (Zhu & 
Kraemer, 2005) 

Technology, 
innovation and 
development 

The dynamics of innovation: From National Systems 
and "mode 2" to a Triple Helix of university-
industry-government relations (Etzkowitz & 
Leydesdorff, 2000) 

Re-thinking new knowledge production: A 
literature review and a research agenda 
(Hessels & Van Lente, 2008) 

Emergence of a Triple Helix of university-industry-
government relations (Leydesdorff & Etzkowitz, 
1996) 

The Triple Helix and new production of knowledge: 
Prepackaged thinking on science and 
technology (Shinn, 2002) 

The future of the university and the university of 
the future: Evolution of ivory tower to 
entrepreneurial paradigm (Etzkowitz et al., 
2000) 

Overcoming the triple helix boundaries in an 
environmental research collaboration 
(Rosenlund et al., 2017) 

Knowledge Networks as Channels and Conduits: 
The Effects of Spillovers in the Boston 
Biotechnology Community (Owen-Smith & 
Powell, 2004) 

The future of the university and the university 
of the future: Evolution of ivory tower to 
entrepreneurial paradigm (Etzkowitz et al., 
2000) 

The triple helix: University-industry-
government innovation in action (Etzkowitz, 
2008) 

Innovation in innovation: The Triple Helix of 
university-industry-government relations 
(Etzkowitz, 2003) 

The selective nature of knowledge networks in 
clusters: Evidence from the wine industry 
(Giuliani, 2007) 

The exaggerated death of geography: Learning, 
proximity and territorial innovation systems 
(Morgan, 2004) 
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4.1.3.1. Information systems  

The Information systems community has had publications since 1946 (Table 2), which makes it the 

oldest community in the network. The United Kingdom, the United States, and Australia are the most 

frequent countries of the affiliation of the first authors (Figure 6b). It has 4,025 publications and 

13,569 connections - 9,735 within the community and 3,834 between communities (external 

connections account for around 39.5% of the internal connections; Table 2). The most frequent terms 

in the title, abstract and keywords of its publications (Figure 9) indicate the community focuses on 

theory, models, research, methodology and analysis concerning the implementation and design of 

knowledge, data and information systems and processes for management practice and learning, and 

change and development in business. The journals where its publications are published are varied 

and include those specialized in action research, computer and information science and systems, 

information and communication technology and knowledge management, human relations and 

behavioral sciences, sustainability, and project and performance management, management 

learning, production planning and control and organizational change and development (Figure 9). 

The most cited and central publications (Table 4) indicate a focus on action research specialized in 

whole system change and multilevel management, qualitative research in information systems, and 

system risk in management decision-making. The community uses or mentions 32 transdisciplinary 

approaches and the most dominant approach is action research, accounting for 81.8% of the 

publications (Figure 6c).  

4.1.3.2. Organizational processes  

The Organizational processes community has had publications since 1975 (Table 2). The most 

frequent countries of the affiliation of the first authors are the United States, the United Kingdom, 

Germany, Canada, and Australia (Figure 6b). The community contains 2,373 publications and 5,900 

connections - 4,809 within the community and 1,091 between communities (external connections 

account for almost 23% of the internal connections; Table 2). The most common terms in the title, 

abstract and keywords of its publication (Figure 9) suggest the community focuses on the study, 

research, model, and analysis for the practice and learning of management, innovation, development 

and performance of organizations and firms in business as well as their networks and boundaries 

(including managing communication and exchange/sharing of knowledge). The most frequent 

journals clearly show the emphasis in management (of information/knowledge, innovation, and 

marketing), organization science and studies, business research, marketing science, and applied 

psychology and human relations (Figure 9). The most cited and central publications show the 

emphasis of the community in boundary spanning and coordination across boundaries for 
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organizational interchange, knowledge transfer and sustainability transitions (Table 4). The 

community uses or mentions 28 approaches and the dominant ones are boundary spanning (37.2%), 

knowledge network (18.7%) and knowledge exchange (18%) (Figure 6c). It is worth pointing out that 

this is the only community in which the boundary spanning approach is dominant. 

4.1.3.3. Technology, innovation and development  

Technology, innovation and development is the smallest community among the 13 largest 

transdisciplinary communities. It has had publications since 1979 (Table 2), with a total of 1,731 

publications connected by 5,720 citations - 4,751 within the community and 969 between 

communities (external connections account for around 20% of the internal connections; Table 2). 

The United Kingdom, the United States, and Netherlands are the most frequent countries of the 

affiliation of the first authors (Figure 6b). The most common terms in the title, abstract and keywords 

of its publications (Figure 9) indicate the community emphasizes research, models and analysis for 

policies and management of regional networks/collaborations between universities, industries and 

governments for knowledge, technology, innovation, and economic development. The journals 

where its publications are published are varied and focused on regional studies, science and 

development, knowledge economy and management as well as knowledge-based development, 

technology and innovation transfer and management, but also on scientometrics, public policies, 

industry and higher education, and sustainability (Figure 9). The most cited and central publications 

reiterate the focus of the community on knowledge networks and dynamics of innovation across 

university-industry-government relations and collaborations, as well as rethinking the role of 

universities (Table 4). The community uses/mentions 35 transdisciplinary approaches and it is the 

community with the highest percentage of publications (38.1%) related to the 44 less common 

approaches (Figure 6c). Nevertheless, it is dominated by the triple helix (41.6%), knowledge network 

(19.4%) and knowledge exchange (15.2%) approaches.  

4.1.4. Medicine domain 

The Medicine domain, with 13.7% of the publications of the network and 11.4% of its connections 

(83.1% within communities and 16.9% between communities), is the youngest domain, with its 

oldest publication dating back to 1978. It encompasses two communities, both of which publish in 

journals mainly from "medical & health sciences'', "biochemistry, genetics and molecular biology", 

"pharmacology, toxicology and pharmaceutics", and "neuroscience" (Figure 6a), and have a focus on 

medicine, clinical practice, and human disease (Figure 10; Table 5).  
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Figure 10 - Word-clouds of the most common terms in the title, abstract, and keywords (left) and the most common 
journals (right) of the publications of the two communities within the Medicine domain, respectively, Translating 
scientific knowledge into medical practice; and Animal models to study human diseases.  
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Table 5 – Most central (i.e. simultaneously with the highest values in three indices of centrality) and most cited 
publications within the two communities of the Medicine domain. In bold, the most informative words in the titles of 
these publications for interpreting the thematic scope of the communities. 

Community 
Title of the most central publications 

considering the three indices of centrality Title of the most cited publications 

Translating 
scientific 

knowledge 
into medical 

practice 

The potential of transdisciplinary research for 
sustaining and extending linkages between the 
health and social sciences (Rosenfield, 1992) 

The Ecology of Team Science. Understanding 
Contextual Influences on Transdisciplinary 
Collaboration (Stokols et al., 2008) 

Multidisciplinarity, interdisciplinarity and 
transdisciplinarity in health research, services, 
education and policy: 1. Definitions, objectives, 
and evidence of effectiveness (Choi & Pak, 2006) 

Knowledge exchange processes in organizations and 
policy arenas: A narrative systematic review of the 
literature (Contandriopoulos et al., 2010) 

Enhancing Transdisciplinary Research Through 
Collaborative Leadership (Gray, 2008) 

In vivo studies of transdisciplinary scientific 
collaboration: Lessons learned and implications for 
active living research (Stokols et al., 2005) 

Research electronic data capture (REDCap)-A 
metadata-driven methodology and workflow 
process for providing translational research 
informatics support (Harris et al., 2009) 

The REDCap consortium: Building an international 
community of software platform partners (Harris et 
al., 2019) 

Lost in knowledge translation: time for a map? (Graham 
et al., 2006) 

Enhancing treatment fidelity in health behavior change 
studies: Best practices and recommendations from 
the NIH Behavior Change Consortium (Bellg et al., 
2004) 

Making sense of implementation theories, models and 
frameworks (Nilsen, 2015) 

The meaning of translational research and why it 
matters (Woolf, 2008) 

Animal 
models to 

study human 
diseases 

Translational paradigms in pharmacology and drug 
discovery (Mullane et al., 2014) 

Can animal models of disease reliably inform human 
studies? (Van der Worp et al., 2010) 

Magnetic resonance imaging for translational research 
in oncology (Fiordelisi et al., 2019) 

Humanized mice in translational biomedical research 
(Shultz et al., 2007) 

Can animal data translate to innovations necessary for 
a new era of patient-centered and individualized 
healthcare? Bias in preclinical animal research 
(Green, 2015) 

Animal models of human disease: Challenges in 
enabling translation (McGonigle & Ruggeri, 2014) 

Progress and challenges in translating the biology of 
atherosclerosis (Libby et al., 2011) 

Vascular contributions to cognitive impairment and 
dementia: A statement for healthcare professionals 
from the American Heart Association/American 
Stroke Association (Gorelick et al., 2011) 

Genomic responses in mouse models poorly mimic 
human inflammatory diseases (Seok et al., 2013) 

Membrane vesicles, current state-of-the-art: Emerging 
role of extracellular vesicles (György et al., 2011) 

Modeling Tissue Morphogenesis and Cancer in 3D 
(Yamada & Cukierman, 2007) 

Relationships between preclinical cardiac 
electrophysiology, clinical QT interval prolongation 
and torsade de pointes for a broad range of drugs: 
Evidence for a provisional safety margin in drug 
development (Redfern et al., 2003) 

4.1.4.1. Translating scientific knowledge into medical practice  

The Translating scientific knowledge into medical practice community has publications dating back 

to 1979 (Table 2). The United States, Canada and the United Kingdom are the most frequent 

countries of the affiliation of the first authors (Figure 6b). The community has 5,323 publications and 

15,196 connections - 11,637 within the community and 3,559 between communities - external 

connections roughly 30% of the internal connections (Table 2). The most common terms in the title, 

abstract and keywords of its publication (Figure 10) and the most cited and central publications 

(Table 5) suggest the community focuses on translating research, knowledge, science, evidence and 

data into implementation, development and practice of health, care, clinical and medical programs 

and policies. The most frequent journals include general journals such as Nature, Science and Plos 
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One, many concerning translational science and medicine, some concerning health services, policy, 

technology, and informatics, as well as a range of topics from community psychology and 

epidemiology to drug discovery, pharmacology and genetics (Figure 10). The community uses or 

mentions 35 approaches and is dominated by translational research (63.6%) followed by 

transdisciplinarity with 15.1% of the publications (Figure 6c).  

4.1.4.2. Animal models to study human diseases  

The Animal models to study human diseases is a community with publications since 1978 (Table 2). 

The most frequent countries of the affiliation of the first authors are the United States, United 

Kingdom, and Germany (Figure 6b). It contains 2,208 publications and 3,681 connections - 3,279 

within the community and 402 between communities. With external connections representing only 

12% of internal connections (Table 2), this is the most isolated community. The most frequent terms 

in the title, abstract and keywords of its publications (Figure 10) indicate the community focuses on 

studies and research of animal models to understand the mechanisms and the therapeutic effects of 

drugs in the treatment of human diseases and disorders. The journals where its publications are 

published include general journals such as Plos One, Science and Nature, and journals focused on 

translational medicine, disease models and mechanisms, drug discovery, toxicology and 

pharmacology, transplantation, and cancer, as well as stroke, neurosciences, and psychiatry (Figure 

10). The most cited and central publications reiterate the focus of the community in animal models, 

drug discovery and development, and translational research (Table 5). The community 

uses/mentions 17 transdisciplinary approaches and it is strongly dominated by translational research 

(95.7%) (Figure 6c). 

4.1.5. Teaching and education domain 

Finally, the Teaching and education domain encompasses only one community and includes 5.2% of 

the nodes of the network and 5.3% of its connections (75% within communities and 25% between 

communities). The educational scope is the essence of the domain (Figure 11; Table 6) and its 

journals are from the "social sciences", "arts and humanities" and "business, management and 

accounting" areas of knowledge. "Psychology" is also important in this domain.  
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Figure 11 - Word-clouds of the most common terms in the title, abstract, and keywords (left) and the most 
common journals (right) of the publications within the Teaching and education domain/community. 
 

Table 6 – Most central (i.e. simultaneously with the highest values in three indices of centrality) and most 
cited publications within the community of the Teaching and education domain. In bold, the most 
informative words in the titles of these publications for interpreting the thematic scope of the communities. 

Community 
Title of the most central publications 

considering the three indices of centrality Title of the most cited publications 

Teaching and 
education 

Professional, personal, and political dimensions of 
action research (Noffke, 1997) 

Teacher action research: Building knowledge 
democracies (Pine, 2009) 

Action research for educational reform: Remodelling 
action research theories and practices in local 
contexts (Somekh & Zeichner, 2009) 

The action research story of a student–teacher: 
Change is not easy and it takes time, effort, and 
critical reflection La historia (Eriksson et al., 2017) 

Different Types Of Action Research To Promote 
Chemistry Teachers' Professional Development-A 
Joined Theoretical Reflection On Two Cases From 
Israel And Germany (Mamlok-Naaman & Eilks, 2012) 

Curriculum development through action research: A 
model proposal for practitioners (Saban, 2021) 

A Motivational Science Perspective on the 
Role of Student Motivation in Learning 
and Teaching Contexts (Pintrich, 2003) 

Professional development and reform in 
science education: The role of teachers' 
practical knowledge (van Driel, 2001) 

Guidelines for Quality in Autobiographical 
Forms of Self-Study Research (Bullough & 
Pinnegar, 2001) 

Genre pedagogy: Language, literacy and L2 
writing instruction (Hyland, 2007) 

CALL Past, present and future (Bax, 2003) 
Authentic assessment of teaching in 

context (Darling-Hammond & Snyder, 
2000) 

4.1.5.1. Teaching and education  

Teaching and education is a community with publications since 1953 (Table 2). The most frequent 

countries of the affiliation of the first authors are the United Kingdom, United States and Australia 

(Figure 6b). This community encompasses 2,859 publications and 8,531 connections - 6,415 within 

the community and 2,135 between communities (external connections account for 33.3% of the 

internal connections; Table 2). The most common terms in the title, abstract and keywords of its 

publication (Figure 11) suggest the community focuses on the research, study, and practice of 

education, teaching and learning in universities, schools, and classrooms. The most frequent journals 
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where its publications are published show clearly the emphasis in teaching and education, as well as 

in action research (Figure 11). The most cited and central publications reiterate the emphasis of the 

community in action research applied to teachers’ professional development, students’ motivation, 

education reform and curriculum development (Table 6). The community uses or mentions 25 

approaches and is strongly dominated by action research (81.8%) (Figure 6c). 

4.1.6. Connections among transdisciplinary communities 

Communities within the Socio-environmental domain sum up 8,720 connections between each 

other, which represents twice the connections with communities of other domains (4,175 

connections; Table 2). The Socio-environmental domain is mainly connected with the Health and 

Business and management domains, with respectively 36.4% and 28.7% of its external connections 

(Figure 5). Indeed, the communities of the domain are among the most well-structured (high number 

of within-community connections) and well-connected to other communities (Figure 12), especially 

the Sustainability and policy and Ecosystem management communities. 

 

 

Figure 12 - Structuring and connection of the 13 largest communities. The x axis is the average internal 
connections (within community citations) per publication and the y is the average external connections 
(citations to other communities) per publication. In the first quadrant (top left), communities are well-
connected to other communities but not structured (relatively fewer connections within the community). In 
the second quadrant (top right), communities are both well-connected and well-structured. In the third 
quadrant (down left), communities are not structured and isolated, while in the fourth (down right), they are 
well-structured but isolated. 
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Communities in the Health domain sum up 3,914 connections between communities within the 

domain, half the number of external connections (6,838; Table 2). The Health domain is mainly 

connected to the Business and management and Medicine domains (Figure 5), with respectively 

31.7% and 25.7% of its external connections. Care and nursing and Participatory inquiry for 

community development are well-connected but relatively unstructured communities, while 

Community and minority health is more isolated, but well-structured (Figure 12). 

The Business and management domain sum up 658 connections between each other, which 

represents less than 15% of the 4.578 (Table 2) external connections. The domain is mainly 

connected with the Health and Socio-environmental domains (Figure 5), with respectively, 47.4% 

and 26.2% of its external connections. Indeed, none of the three communities are well-connected, 

although Technology, innovation and development is more structured than the other two (Figure 

12). 

In the Medicine domain, connections between the two communities (346) represent only 11.1% of 

its 3,104 (Table 2) external connections. The few connections of the domain are mainly with the 

Health and Socio-environmental domains (Figure 5), with respectively, 56.7% and 29.7% of its 

external connections. Indeed, its communities are among the least connected and well-structured 

(Figure 12).  

Finally, the only community of the Teaching and education domain has 2,135 external connections 

that represent 33.3% of its internal connections (Table 2), 53.3% with the Health domain and 37.6% 

with the Business and Management domain (Figure 5). The community is relatively isolated and not 

structured (Figure 12). 

4.2. Characterization of transdisciplinary approaches  

The distribution of publications per transdisciplinary approach (Figure 13) allowed the identification 

of 11 dominant approaches – those with more than 1,200 publications, encompassing 87.3% of the 

publications of the 13 largest transdisciplinary communities described above. All remaining 44 

transdisciplinary approaches were mentioned in 1,041 publications or less. 
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Figure 13 - Number of publications in the direct citation network mentioning each of the 55 transdisciplinary 
approaches. 

4.2.1. Distribution of the transdisciplinary approaches across domains and communities  

Most transdisciplinary approaches (52 of the 55) are mentioned in publications of more than one 

community and domain. While the 11 dominant transdisciplinary approaches are mentioned in 

publications of at least 10 communities and all five domains, the 44 rare transdisciplinary approaches 

vary in terms of the number of communities and domains they are mentioned or used. However, the 

number of publications per approach within the network explains well the variation in the number 

of communities that mentioned them (Appendix H).   
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The PCoA of the frequency of the 11 dominant approaches across the 13 largest communities (Figure 

14) indicates that certain domains contain communities dominated by similar transdisciplinary 

approaches. This is the case of the Socio-environmental domain, whose four communities (left, top 

quadrant) are dominated by adaptive management alone (Ecosystem management and Resilience 

to environmental and climate change) or together with either integrated assessment (Models and 

scenarios of energy, emissions, and climate) or transdisciplinarity (Sustainability and policy). It is also 

the case of the Medicine domain (left, down quadrant), whose two communities are dominated by 

translational research. 

Similarly, the three communities of the Health domain (right, center to down quadrant) are 

dominated by participatory research and community based participatory research with increasing 

relevance of the action research approach (from Community and minority health to Participatory 

inquiry for community development and to Care and nursing). The only community of Teaching and 

Education domain (right, top quadrant) is dominated by action research and secondarily by 

participatory approaches. The same is true for the Information system community (also in the right, 

top quadrant), which differs considerably from the other two communities of the Business and 

management domain (left, down quadrant), which are dominated by knowledge exchange and 

knowledge network together with either boundary spanning (Organizational processes) or triple 

helix (Technology, innovation and development). 
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Figure 14 - PCoA biplot of the 13 largest transdisciplinary communities (dots and light letters) in terms of their 
similarities concerning the 11 transdisciplinary approaches (arrows and bold letters). Colors identify the 
different domains: green – Socio-environmental, pink – Medicine, blue – Health, orange – Business and 
management, and red - Teaching and education; action research is colored with three colors because it 
dominates communities of the domains represented with blue, red and orange. 

4.2.2. Qualitative similarities and differences among the 11 dominant approaches 

The 11 dominant transdisciplinary approaches represent a variety of propositions on how (through 

which guiding tenets, general methodological guidelines, and stakeholders) and why (focusing on 

which entities and processes, and with which central goals) to share, articulate and create knowledge 

(Table 7).  

The focal entities under consideration range from groups of individuals, communities, organizations, 

and systems to complex problems and global issues (Table 7). While approaches used in the Socio-

environmental domain focus on socio-ecological systems as a whole or on complex problems and 

global issues associated with them, approaches used in other domains focus on subcomponents of 

socio-ecological systems. Approaches used in the Health domain focus on communities and those 

used in the Business and management, Teaching and education, and Medicine domains focus either 

on groups of individuals or on organizations (Figure 15). In turn, the focal processes to be changed 
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vary from management and governance, policy making, providing rights and services or confronting 

challenges in marginalized communities or social practice in general, to connecting or translating 

information and knowledge (Table 7).  

However, within each of the approaches the combination of the entity under consideration and of 

the focal process to be changed are closely tied to its central goal, and consequently, to the thematic 

domain where each transdisciplinary approach is most used (Table 7; Figure 15). In this sense, the 

three approaches most used within the Socio-environmental domain focus either on the 

management and governance of socio-ecological systems with the goal of increasing the resilience 

of these systems (adaptive management), integrating models and data sources to inform policy 

(integrated assessment), or on a variety of processes concerning complex problems in general to 

produce socially robust orientations towards sustainable transitions (transdisciplinary). Similarly, the 

three approaches most used within the Health and the Teaching and education domains focus on 

either the social practice of groups of individuals to promote transformative social change (action 

research, also dominant in one community of the Business and management domain) or on the 

challenges, rights, and services of communities to promote community well-being, equity and 

empowerment (community-based participatory research and participatory research) (Figure 15). In 

turn, the other four approaches most used within the Business and management domain concern 

the collaboration and sharing of information and knowledge either among groups of individuals 

aiming at the effectiveness of policies and decision making (knowledge exchange), among 

organizations to bridge the gap between knowledge and action (knowledge network) and to promote 

evidence-informed decision-making (boundary spanning) or among sectors (specifically academia, 

industry and government) to foster innovation and economic development (triple helix) (Figure 15). 

Finally, the approach most used within the Medicine domain centers on translating discovery into 

practices across groups of producers and users of knowledge to improve human health (translational 

research) (Figure 15).   

The linkages, within each approach, of its entity under consideration, focal process to be changed 

and central goal lead to guiding tenets that are specific to each approach, but similar across 

approaches from the same domain (Table 7, Figure 15). For instance, while both adaptive 

management and integrated assessment (Socio-environmental domain) emphasize the need to 

accommodate uncertainty and incorporating diverse perspectives concerning complex systems or 

complex global change, community-based participatory research, and participatory research (Health 

domain) stress the importance of building on community strength and resources and of values of 

democracy, equity and self-(community-)determination. Similarly, boundary spanning, knowledge 

exchange, knowledge network and triple helix (Business and management domain) all highlight the 
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significance of the broader context and emphasize the need for meaningful engagement with 

different actors (each of which has their distinct expectations, norms, and values) for effective 

communication and sharing. However, there are guiding tenets that cut across domains because they 

are associated with key criteria that define transdisciplinary approaches in general, such as valuing 

diverse knowledge and perspectives (articulated in adaptive management, action research, 

boundary spanning, triple helix, and translational science).  

In contrast, in terms of the general methodological guidelines, while some are characteristic of the 

approaches within the same domain, many cut across approaches from different domains (Table 7, 

Figure 15). The general methodological guideline of generating knowledge in a specific context with 

a particular group of people through a research process jointly planned and developed is restricted 

to approaches most used in the Health domain (community-based participatory research and 

participatory research). Similarly, the general methodological guideline of creating specialized 

organizations (or people) to mediate dialogue and communication among distinct 

professionals/sectors is restricted to approaches most used in the Business and management domain 

(boundary spanning and triple helix). However, both adaptive management (from the Socio-

environmental domain) and action research (from the Health, Teaching and education, and Business 

and management domains) center on a general methodological guideline that comprises a 

continuous and cyclical process encompassing problem identification, action planning, 

implementation, and outcome evaluation to guide subsequent actions. In the same vein, articulating 

diverse available perspectives and knowledge either on a problem (integrated assessment and 

transdisciplinarity) or across phases of a process or groups of people (knowledge exchange, 

knowledge network, and translational science/research) is a general methodological guideline of 

approaches that cut across the Socio-environmental, Business and management and Medicine 

domain. 

Aside from researchers, who are present in all approaches as a criterion for the approach to be 

considered transdisciplinary, distinct stakeholders come into play across approaches (Table 7; Figure 

15). The literature mentions generic terms to enumerate various possible actors — such as “end 

users”, “practitioners”, “non-academic partners” and “other stakeholders”. We standardized the 

term “other stakeholders” to encompass unspecified actors, which are context-dependent. They 

may encompass any of the other actors besides researchers and boundary spanners/intermediaries. 

Managers play a significant role in adaptive management, and boundary spanning. Decision and 

policy makers take the forefront in integrated assessment, transdisciplinarity, boundary spanning, 

knowledge exchange, and knowledge network, driving policy and decision-making processes. 

Politicians and other government representatives also are important in the transdisciplinary context, 
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playing a role in the boundary spanning, and knowledge network and triple helix, respectively. 

Boundary spanners/intermediaries are also distinguished stakeholders involved in the boundary 

spanning and knowledge exchange approaches as mediators between distinct groups/organizations 

with different cultures and languages. Community members emerge as pivotal stakeholders in 

community-based participatory research and participatory research, shaping the research agenda 

and co-creating knowledge that is contextually relevant to their needs. Nongovernmental 

organizations also play a role in community-based participatory research and are likewise involved 

in knowledge networks and integrated assessment. Finally, other stakeholders - which vary from 

citizens, patients, doctors, and representatives of industry, business, and other societal sectors to 

unspecified others - are involved in adaptive management, integrated assessment, 

transdisciplinarity, participatory research, action research, boundary spanning, knowledge 

exchange, translational science, and triple helix.
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Table 7 – Characteristics of the 11 dominant transdisciplinary approaches considering six aspects: their focal elements (i.e. entities under consideration); focal process to be 
changed; central goals of the change; principles (i.e. guiding tenets); general methodological guidelines; and main stakeholders involved. The references used for characterizing 
each approach are those in Appendix G. 

Approach | Aspect 
Entities under 
consideration 

Focal process 
to be changed 

Central goals of 
the change  

Principles/  
guiding tenets 

General methodological 
guidelines 

Main stakeholders 
involved 

Adaptive management 
socio- 

ecological systems 

management 
and governance 

of systems 

increasing 
resilience in 

complex socio- 
ecological systems 

delivering tangible outcomes while 
actively accommodating uncertainty, 
complexity, and unpredictability, and 

demonstrating a commitment to 
experiential learning and embracing 

diverse perspectives 

continuous cycle of identifying a 
problem, planning, and 

implementing actions to address the 
problem, and then evaluating the 

outcomes to inform further actions 

managers, researchers, 
and other stakeholders of 
socio-ecological systems 

Integrated assessment 
complex global change 

issues 
policy making 

supporting and 
improving policies 

accommodating uncertainties, 
complexities, and value diversities of 

global environmental risks 

analyzing and reviewing existing 
knowledge, assembling, and 

summarizing pieces of information, 
and organizing and interpreting 
them to help evaluate possible 

actions or think about a problem 

researchers, citizens,    
decision makers,  

 NGOs and 
representatives of 
business and other 

societal sectors 

Transdisciplinarity 
complex real-world 

problems 
varied  

socially robust 
orientations 

towards 
sustainable 
transitions 

importance of context and flexibility, 
of capacity building among all 

participants, of consensus building 
about what the main problems are 

(including their genesis and 
transformation) and of strategies for 

mitigating emerging conflicts  

facilitated (mediated) process of 
mutual learning that links 

interdisciplinary knowledge 
(scientific, theoretic, and abstract 
epistemics) and multi-stakeholder 
discourses (experiential knowledge 

from outside academia) 

researchers, legitimate 
decision makers, and a 

broad range of 
stakeholders 

Community based 
participatory research 

communities 

that concerns 
rights and 
services in 

marginalized 
communities  

promoting 
community well-
being and equity 

building on existing community 
strengths and resources, and 

facilitating partnerships that are 
equitable, collaborative, empowering, 

and address social inequalities 

engage community members as 
active partners in all stages of the 

research, including generating 
research ideas, reviewing protocols, 

interpreting results, and 
disseminating findings, in a way their 

specific needs and concerns are 
addressed 

community members,    
NGOs representatives, 

researchers 

Participatory research communities  

that concerns 
challenges faced 
by (and relevant 
to) communities  

empowering 
communities and 
promoting social 

change  

commitment to values of democracy, 
equity, working with the environment 

as a habitat for people and other 
organisms, and the value of self- and 

community-determination 

sequential reflection and action, 
carried out with and by local people 
(rather than on them), in which local 

knowledge and perspectives form 
the base for research and planning 

community members, 
researchers, and other 

stakeholders 
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Table 7 – Continued. 

Approach | Aspect 
Entities under 
consideration 

Focal process 
to be changed 

Central goals of 
the change  

Principles/  
guiding tenets 

General methodological 
guidelines 

Main stakeholders 
involved 

Action research groups of individuals social practice 

promoting 
transformative 

change and  
improvement of 

social action 

practical outcomes and social action, 
rather than just theoretical 
knowledge, engaging with 

uncertainty, complexity, and 
messiness, and being willing to learn 

from experience and engage with 
diverse perspectives 

a spiral of steps consisting of 
planning, action, and fact-finding 

about the result of the action. This 
process involves a continuous cycle 
of identifying a problem, planning, 

and implementing actions to address 
the problem, and then evaluating 
the outcomes to inform further 

actions 

researchers and other 
stakeholders 

 

Boundary spanning organizations 
exchange 
between 

organizations 

improving 
evidence-informed 

decision-making 
concerning “wicked 

problems” or 
complex social 

challenges 

considering the broader context of 
actors, perspectives, values, 

contested evidence, decision-making 
history, and power dynamics in 
shaping a productive knowledge 

exchange process  

set of activities that engage actors 
on both sides of a boundary, 

involving trajectories of boundary 
work overtime, from defining 

boundaries to establishing 
ownership and use of generated 
boundary objects conducted by 

boundary spanners (organizations or 
individuals) 

researchers, citizens, 
boundary spanners,     

politicians, managers and 
decision makers 

Knowledge exchange groups of individuals 
generating and 

sharing 
knowledge 

improving policy 
and decision 

making 
communication and exchange  

encompasses all facets of knowledge 
production, sharing, storage, 

mobilization, translation, and use  

     intermediaries, 
researchers, decision and 
policy makers and other 

stakeholders 

Knowledge network organizations 

disseminating 
information and 

knowledge 
across sectors of 
society involved 
in technological 

and policy 
innovations  

bridging the gap 
between 

knowledge and 
action 

membership, effective 
communication and interaction 

between knowledge producers and 
knowledge users 

developing, disseminating, and 
applying knowledge, with a focus on 

enhancing communication and 
interaction, as well as establishing 

effective feedback mechanisms 

policy makers, 
researchers, government 

agencies, and 
nongovernmental 

organizations 
representatives  
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Table 7 – Continued.  

Approach | Aspect 
Entities under 
consideration 

Focal process 
to be changed 

Central goals of 
the change  

Principles/  
guiding tenets 

General methodological 
guidelines 

Main stakeholders 
involved 

Triple helix organizations 

collaboration 
between 

academia, 
industry, and 
government 

fostering 
innovation and 

economic 
development 

dialogue, identification and 
understanding of the different 

expectations, norms, and values of 
each sector and innovation in a 

knowledge-based economy  
 

fostering an innovation ecosystem, 
through various hybrid 

organizations, such as technology 
transfer offices, venture capital 

firms, incubators, accelerators, and 
science parks that connects the basic 

research in universities, the 
production of commercial goods in 

industries and the regulation of 
markets in governments  

 researchers, industry, 
and government 
representatives 

Translational science / 
research 

groups of individuals 

translating 
scientific 

discoveries into 
clinical settings 
or public health 

interventions 

improving      
human health and 

well-being 

bidirectional and cyclical nature of the 
research process, the integration of 
diverse disciplines and perspectives, 
and the focus on addressing health 

disparities 

the generation of evidence through 
basic science discoveries, testing and 
application in developmental stages, 

dissemination of findings, and 
implementation of research results 

in clinical practice, public health 
programs, and community settings 

researchers, and other 
stakeholders, including      

patients and doctors      
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Figure 15 - Schematic connections in terms of entities under consideration, focal processes, central goals, guiding tenets, main stakeholders and methodological 
guidelines among the 11 dominant transdisciplinary approaches within and across thematic domains. 
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5. DISCUSSION 

In the context of the complex interrelated problems we face today – climate emergence, injustice 

and inequality, and threat to local and indigenous ways of life and cultures (Latour & Weibel, 2005; 

Shiva, 2005; Galeano, 2010), traditional, discipline-oriented science has limitations to support 

transformative change, given its compartmentalization and detachment from societal pressures 

(Lubchenco, 1998; Sarewitz, 2004; McNie, 2007; Dilling & Lemos, 2011; Bertuol-Garcia et al., 2018). 

This situation underscores the significance of incorporating and implementing transdisciplinary 

approaches that are grounded on collaborative partnerships, guided by problem-solving, and aimed 

at transformation (Collingridge & Reeve, 1986; Rocha et al., 2020). Such approaches have indeed had 

their potential acknowledged (Jahn et al., 2012; Nature, 2018) and have proliferated across many 

scientific fields (McNie, 2007). In this study, we aimed to organize and compare the multitude of both 

transdisciplinary approaches and scientific communities utilizing them to highlight the diversity of 

options available, their strengths and complementarity, aiding in the informed selection and 

improved practice of transdisciplinary. 

5.1. Scientific communities using transdisciplinary approaches organize around five 

thematic domains 

In face of the recognition and dissemination of transdisciplinary approaches, several reviews have 

been conducted on transdisciplinarity (sometimes using instead the term coproduction), either 

documenting different approaches and techniques (Rowe & Frewer, 2005; McNie, 2007), proposing 

common ground and discourse (Jahn et al., 2012), detailing different types or modes (Chambers et 

al., 2022), as well as identifying meanings (Bandola-Gill et al., 2023) and principles (Norström et al., 

2020). Some reviews are restricted to a specific scientific field or topic (e.g., Brandt et al., 2013; 

Norström et al., 2020), while others cover a broader scope (e.g., McNie, 2007). In a complementary 

effort to these endeavors - through a meticulous mapping of transdisciplinary approaches and 

communities across a citation network spanning all fields of the scientific literature - our review 

enables the recognition of the linkages between the main transdisciplinary scientific communities 

and approaches through the identification of their thematic domains and main characteristics and 

features. Despite the inherent difficulties and limitations in determining a priori which terms to 

incorporate into our search and review, our effort identified over 50 transdisciplinary approaches 

and nearly 2,500 communities. It underscores how the diversity of transdisciplinary approaches is 

distributed and shared across scientific communities, showing that - despite this multitude of 
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approaches and communities - a significant portion of the scientific production focusing on 

transdisciplinarity is concentrated within 13 communities and 11 approaches. 

Our findings indicate that these dominant transdisciplinary communities and approaches are 

associated with five interdisciplinary thematic domains applied to various facets of modern societal 

issues, namely the Socio-environmental, Health, Business and management, Teaching and 

education, and Medicine domains. This supports preview studies that also suggest that these are 

indeed the most transdisciplinary topics (Bohensky & Maru, 2011; Brandt et al., 2013; Reyes-García 

& Benyei, 2019; Ludwig et al., 2023). Each of these five thematic domains represent a specific 

combination of scientific fields or areas, especially among the arts and humanities; the social 

sciences, economics, econometrics and finance, and psychology; the environmental science, 

agricultural and biological sciences, and earth and planetary sciences; the medical and health 

sciences, biochemistry, genetics and molecular biology, pharmacology, toxicology and 

pharmaceutics, nursing, and neuroscience; the business, management and accounting, computer 

science, engineering and decision sciences. Although they encompass diverse scientific areas, it is 

noteworthy that some fields, particularly those associated with exact sciences, such as chemistry, 

physics and astronomy, and mathematics, are underrepresented in transdisciplinary endeavors. This 

scenario implies an opportunity to include researchers from these fields in transdisciplinary 

processes, in which they could make valuable contributions. 

In terms of the countries where authors are affiliated, those in the global North, which typically 

dominate scientific literature overall (Blicharsk et al., 2017; Koller, 2019), are also those that 

predominate within the transdisciplinary communities we identified, namely the United States, 

United Kingdom, Canada, Australia, Germany and the Netherlands. However, the relevance of 

countries in the global South for the transdisciplinary literature, especially South Africa and Brazil, is 

significant, and might be even greater, considering that the database we used (i.e. Scopus) does not 

comprehensively capture academic production in languages other than English. Reviewing and 

synthetizing the contributions of the Global South to transdisciplinary endeavors – overcoming the 

barriers imposed by the language - is of foremost importance, given the region biocultural diversity 

(Parra-Vázquez et al., 2020; Mardero et al., 2023) and the complex and drastic problems they face. 

Interestingly, our analyses reveal that the communities within each of the five transdisciplinary 

domains - even though they share a theme and use the same set of transdisciplinary approaches - 

are not necessarily communicating through citations. Only the communities focusing on the Socio-

environmental domain are particularly connected to each other through citations. This underscores 

that what links communities focusing on themes of the same domain is, in most cases, the shared 

use of the same transdisciplinary approaches rather than citations. It also highlights that many 
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communities are using references from different thematic domains. It is possible that these 

connections between communities from different domains reflect the history of the origin and 

spread of transdisciplinary approaches across scientific disciplines and fields – a topic worth 

exploring in future studies.  

5.2. A framework for comparing, choosing and articulating transdisciplinary 

approaches 

Given that the multitude of available transdisciplinary approaches are spread across a vast literature 

from distinct fields, it is challenging to access their characteristics in a comparative way. Beyond 

describing the scientific communities and domains that use transdisciplinary approaches, our review 

also qualitatively characterized the 11 approaches dominating the literature. While reviews 

comparing approaches have been previously published (e.g. Knapp et al., 2019; Scholz, 2020), as far 

as we are aware none of them compare as many approaches as ours, nor do they do so by departing 

from well-defined dimensions and considering the thematic domains where they are mainly used, 

aiding the identification of strengths and complementarities among them.  

By doing so, our study contributes to the recognition that the most commonly used transdisciplinary 

approaches exhibit specificities that make them more suitable for addressing certain contemporary 

societal problems, such as socio-environmental (e.g. climate emergence), health (e.g. well-being in 

marginalized communities), education (e.g. education reform and curriculum development), 

business and management (e.g. coordination and connection across organizations and sectors), and 

medical (e.g. developing clinical innovations) issues. Our analysis indicates a close association 

between the entities under consideration, focal process to be changed, and central goals of each 

approach, making groups of them more suited to address problems in specific thematic domains. For 

instance, in the Socio-environmental domain, the studied entities often include socio-ecological 

systems or problems, and the focal processes concern governance and policies, whereas in the 

Health domain, the entities are marginalized communities, and the focal processes, promoting 

community well-being and equity. Consequently, communities that share themes also share 

transdisciplinary approaches designed and suited for these entities and processes. Among the 11 

identified dominant transdisciplinary approaches, action research is the only one that is frequently 

used in more than one domain, namely Health, Education and teaching, and Business and 

management. This may be associated with the fact that action research is the oldest among the 11 

dominant approaches, proposed in 1946, and has inspired other approaches (Martin & Sherington, 

1997). 
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As such, our findings suggest that different contemporary societal problems are addressed with 

approaches that differ in which guiding tenets they emphasize given the distinct obstacles associated 

with addressing particular entities-processes-goals. Thus, although some guiding principles 

transverse approaches used in distinct thematic domains, as they reflect intrinsic aspects of 

transdisciplinary, such as valuing diverse knowledge and perspectives, some tenets are peculiar to 

approaches with certain domains. In particular, uncertainty and complexity are mostly emphasized 

in the Socio-environmental domain dealing with whole socio-ecological systems or their problems, 

whereas democracy, equity and self-determination represent the main concern in the Health domain 

focusing on marginalized communities.  

Hence, recognizing these linkages – approaches developed to focus on particular entities and 

processes to attain certain goals through specific guiding tenets – allows more clarity for users to 

select transdisciplinary approaches that best fit the specific context of a particular situation or 

problem. However, the association between transdisciplinary approaches and distinct domains may 

be in part a consequence of the origin and history of use of the approaches within particular scientific 

fields. As such, our comparative analysis also provides a framework to find support in other 

transdisciplinary approaches, communities, and literature to deal with challenges faced by groups 

using a particular approach that do not account for, or emphasize, those challenges.  

Despite the specificities of entities-processes-goals-tenets inherent to approaches most used to 

address different contemporary issues from distinct domains, our comparative analysis reveals only 

four types of general methodological guidelines among the 11 dominant transdisciplinary 

approaches, some of which are shared across thematic domains. While these basic types are 

sometimes confined to groups of approaches within a domain (research together— Health domain; 

and creating bridging organizations — Business and management domain), at times they are shared 

across domains (action-reflection-action cycle and articulating available knowledge). Once again this 

illustrates the potential to learn from other traditions and eventually combine methodologies.  

An example of how combining approaches can advance the practice of transdisciplinary can be found 

in some criticism that have been articulated to this practice within the Socio-environmental domain. 

The complexity of socio-environmental problems, while justifying an emphasis on uncertainties and 

scientific data, may, without due consideration, neglect other crucial forms of knowledge and values 

(Turnhout et al., 2020; Gerlak et al., 2023) – such as from managers and members of affected 

communities, resulting in potentially less transformative processes. These projects could then 

benefit from the inclusion of such stakeholders in the way participatory research, action research, 

and community-based participatory research propose. This entails involving such actors throughout 

the entire process, sharing leadership and decision-making responsibilities — differently from what 
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Gerlak et al. (2023) observe to be the norm in the majority of processes to coproduce knowledge for 

environmental decision-making. Moreover, besides including these actors, it is essential to recognize 

– and deal with - power asymmetries within these transdisciplinary groups. In a review of 

coproduction in socio-environmental domain, Turnhout et al. (2020) show that this literature 

overlooks power and risk asymmetries, especially those created and maintained by viewing scientific 

knowledge and expertise as the most (or only) valid, hindering contestation and pluralism. To address 

this criticism, groups using approaches from the Socio-environmental domain could use and 

emphasize the guiding tenets of participatory research and community-based participatory research 

that concern democracy, equity and self-determination, as well as building on existing strengths and 

resources, and facilitating partnerships that are equitable, collaborative, empowering, and address 

social inequalities. Taking these principles as guiding tenets, may help recognizing and addressing 

power and risk inequities within the group, and hence establishing ways to create space for 

contestation and pluralism and to recognize and articulate different authorities and expertise. 

Similarly, projects employing community-based approaches could enrich their perspectives by 

considering that the focal communities are part of larger, complex socio-ecological systems – the 

entities considered in approaches of the Socio-environmental domain. This would facilitate a 

systemic view that emphasizes interdependencies, interactions, and feedback loops (Folke et al., 

2016), broadening the understanding of the root causes of problems and identifying paths and 

alternatives for solutions. It would also enable the consideration of properties potentially relevant 

for addressing issues in communities, such as resilience, the definition of which is linked to a system's 

capacity to adapt and self-organize (Folke, 2016). Self-organizing communities withstand challenges 

due to its resilience (Walker & Salt, 2012).  

Indeed, exchanges among transdisciplinary approaches are in part already occurring as in the case 

of the role of knowledge brokers/boundary spanners. These specialized actors can help facilitating 

communication, adapting knowledge to political realities, and mediating conflicts of interest. The 

concept, originally stemming from boundary spanning, has now been embraced and incorporated by 

various transdisciplinary approaches, such as integrated assessments (Cash & Moser, 2000), 

knowledge exchange (Cvitanovic et al., 2015) and triple helix (Rosenlund et al., 2017). 

Hence, while there are certainly no silver bullets (i.e., transdisciplinary approaches that are 

universally superior or suitable for any context), we propose that our comparative framework allows 

for the identification of strengths and complementarities among them. Recognizing the main 

entities, processes, goals, tenets and methodological guidelines across transdisciplinary approaches 

facilitates identifying potential articulation between them that may contribute to transdisciplinary 

practice of different scientific communities focusing on distinct themes. In fact, it is worth noting 
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that, although the transdisciplinary communities we identified are dominated by certain approaches, 

they do actually use a wide variety of approaches (though less frequently so). This may indicate that 

different ideas and approaches have already spread across diverse scientific communities and 

thematic domains. As we indicated above, strengthening this communication by articulating 

different aspects from distinct transdisciplinary approaches may help those engaging in 

transdisciplinarity to deal with criticisms associated with the approach they use and improve their 

practice. 

6. CONCLUSION 

Our study departs from the limitations of traditional, disciplinary-oriented science to emphasize, 

organize and compare the diversity of transdisciplinary approaches available in the literature, 

highlighting the interconnectedness between them and distinct thematic domains and societal 

issues. It supports identifying approaches that better suit specific contexts and situations, and 

facilitates articulating them to improve transdisciplinary practices in addressing complex societal 

issues by considering there is no one-fits-all solution. 

● Limitation of traditional science: In the face of the current complex environmental, social-

cultural, economic, and political challenges, traditional science is deemed insufficient to 

support societal transformations due to its disciplinary constraints and detachment from 

societal concerns. This underscores the relevance of transdisciplinary approaches grounded 

in collaborative practices, aimed at problem-solving and societal transformation. 

● Diversity of transdisciplinary approaches: Through a meticulous mapping of transdisciplinary 

approaches across the scientific literature, the review identifies 55 transdisciplinary 

approaches and nearly 2,500 scientific communities using them. Yet, a significant portion of 

the scientific transdisciplinary production is concentrated within 13 communities and 11 

dominant approaches. 

● Global participation in transdisciplinary endeavors: Despite a prevalence of authors from 

countries in the global North, some countries in the global South actively participate in 

transdisciplinary endeavors. 

● Interconnectedness to thematic domains: Dominant transdisciplinary communities are 

associated with five interdisciplinary thematic domains: Socio-environmental, Health, 

Business and management, Teaching and education, and Medicine. These groups of 

communities sharing themes and focusing on the same broad type of societal issues, are 

linked by shared transdisciplinary approaches rather than by citation. 
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● Comparing transdisciplinary dominant approaches: The within-approach linkages between 

entities under consideration, focal processes to be changed, central goals, and main tenets 

create a specific affinity between the characteristics of transdisciplinary approaches and 

particular types of societal issues and thematic domains. Yet, the four identified types of 

general methodological guidelines are shared across transdisciplinary approaches and 

domains.  

● No one-fits-all solution: Acknowledging that there are no universally superior 

transdisciplinary approaches, the comparative framework we propose allows for the 

identification of strengths and complementarities among transdisciplinary approaches, and 

lays the ground for articulating different approaches to improve transdisciplinary practice. 
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APPENDIX A - Identifying the terms used to name potential 

transdisciplinary approaches and searching for published definitions to 

check if they fulfill the criteria to be considered transdisciplinary 

We identified the established terms naming transdisciplinary-related approaches from our 

knowledge, scientific literature reviews, glossaries, and an active search on publication databases. 

Specifically, we followed the steps: 

a) searching in scientific reviews related to transdisciplinarity - the consulted reviews were 

McNie (2007), Knapp et al. (2019), Scholz & Steiner (2015) and Scholz (2017), Jahn et al. 

(2012), and Rowe & Fewer (2005);  

b) conducting a search in Scopus with the term “transdisciplinary” but excluding the terms 

naming transdisciplinary approaches we already had. The search was:  

(TITLE-ABS-KEY(transdisciplinar* AND NOT ("actionable science" OR "action research" OR "adaptive 

management" OR "boundary management" OR "boundary organizations" OR "boundary spanning" 

OR "citizen juries" OR "citizen science" OR "civic science" OR "co-research" OR "collaborative decision 

making" OR "community participatory research" OR "community research" OR "community science" 

OR "community-based initiatives" OR "community-based natural resource management" OR 

"community-based research" OR "consensus conferences" OR "consultative panels" OR "deliberative 

polling" OR "feminist research methods" OR "integrated resource management" OR "knowledge-

action collaboratives" OR "knowledge-action system" OR "mode 2 knowledge" OR "mode 2 science" 

OR "participatory development" OR "participatory planning processes" OR "participatory research" 

OR "participatory resource management" OR "post-normal science" OR "public ecology" OR "scenario 

workshops" OR "science shops" OR "socially robust, transparent and participative approach" OR "span 

the boundaries" OR "team science" OR "transformative science" OR "transition management" OR 

"translational science" OR "triple-helix" OR "usable science" OR "use-inspired research" OR "well 

ordered science"))) 

c) identifying transdisciplinary-related approaches in publications we consulted to obtain the 

definitions of each approach (see below). 

Then, we searched for published definitions of each approach to check if they fulfill the criteria we 

created to consider an approach transdisciplinary (see main text). The definitions of each approach 

were obtained from different sources: 

a) the definition presented in the publication used to identify the terms used to name 

transdisciplinary approaches (see above), as most of the terms came from reviews in which 
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the approach is defined and compared to others. However, sometimes the approach is cited 

but not defined in these publications; 

b) the definition presented in a reference cited in the publication used to identify the terms 

used to name transdisciplinary approaches (see above). Yet, sometimes these publications 

do not define nor cite any references of the approach; 

c) the definition presented in the glossary of the book from Scholz & Binder (2011), an 

important reference of transdisciplinary, when available; 

d) the definition presented in English Wikipedia, when available, as it is a relevant public source 

and sometimes one of the few that brings a precise definition of the approaches; 

e) the definition found in publications from the search of the term in Scopus or in Google - this 

was done only if definitions found in previous steps were not enough to identify if the 

approach matches the three criteria defining a transdisciplinary approach. 
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APPENDIX B - Terms used to name transdisciplinary approaches

List of approaches considered transdisciplinary (definitions fulfill our three criteria)  
1. action oriented research / action oriented knowledge 
2. action research 
3. actionable knowledge 
4. actionable science 
5. adaptive management  
6. boundary organizations 
7. boundary spanning  
8. boundary work 
9. citizen juries 
10. civic science 
11. community based participatory research  
12. community based research  
13. community driven research / community driven knowledge / community driven science  
14. community engaged research  
15. community research  
16. community science  
17. coproduction of knowledge 
18. coresearch  
19. deliberative polling  
20. integrated assessments  
21. integrated natural resource management  
22. integrated resource management 
23. integration sciences / integration researches  
24. integrative research / integrative sciences  
25. knowledge action collaboratives  
26. knowledge action system  
27. knowledge exchange  
28. Knowledge networks 
29. knowledge transfer and exchange  
30. mode 2 knowledge  
31. mode 2 science  
32. participatory consensus conferences / danish consensus conferences 
33. participatory development  
34. participatory research  
35. participatory resource management  
36. participatory team science  
37. participatory technology assessment  
38. post-normal science  
39. public ecology  
40. scenario workshops  
41. science based stakeholder dialogues  
42. science policy dialogues  
43. science shops  
44. socially robust knowledge 
45. span the boundaries  
46. transdisciplinarity  
47. transformative science  
48. transition management 



82 
 

49. translational ecology  
50. translational science / translational research  
51. triple-helix 
52. usable science  
53. use inspired science / user inspired science / use driven science / user driven science  
54. use inspired research  
55. well ordered science  

 

List of approaches investigated but excluded with a justification for the exclusion            

56. boundary management  

Boundary management was excluded because the only source that defined it as related to 

transdisciplinarity is McNie (2007). In every other searched source, the term is related to publications 

in psychology to mean the management of boundaries within individuals. Besides, we understand 

McNie (2007) used boundary management as a synonym of 'boundary negotiation', which is 

associated with “boundary organization”, an approach we included.  

57. citizen science      

The citizen science approach was excluded because, although sometimes the term refers to a 

horizontal and influential sharing of knowledge, and focus on real-world problems, these aspects are 

not at the essence of the approach, which sometimes focus on having citizens collecting data and on 

getting the public familiarized with science. In this sense, criteria B and C may or may not be - and, 

therefore, not always are - fulfilled. 

58. collaborative decision making  

Collaborative decision making was excluded because it may or may not - and, therefore, not always - 

fulfills criterion B. Although it can be applied in the context of risk and to build logistics in the context 

of disasters or in the context of policies, economic actions, and assessments of alternatives for 

sustainable development, it can be used in any context. Besides, the approach does not fulfill criterion 

C clearly, as scientists not necessarily are involved (thus, even if iterative influential sharing may occur 

between participants, it is not clear that these include scientists or scientific knowledge).  

59. community based initiatives  

Community based initiatives (CBI) approach was excluded as it may or may not fulfill criterion C, as 

scientists or scientific knowledge is not mentioned as required in the process (Igalla et al., 2019).  

60. community of practice  

Community of practice was excluded because it may or may not - and, therefore, not always - fulfills 

criterion C, as scientists (scientific knowledge) are not necessarily included. 
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61. community based natural resource management  

Community based natural resource management was excluded as the approach may or may not - and, 

therefore, not always - fulfills criterion C, as scientific knowledge is not mentioned.  

62. consensus conferences  

Following Scholz & Binder (2011), there are two types of consensus conferences: (a) a primarily or 

purely academic activity that builds consensus among scientists and transfers this to the public by 

journal articles or media conferences (more or less following the sender–receiver metaphor); and (b) 

a transdisciplinary process in which experts discuss “attitudes and recommendations” (ibid., p. 332) 

related to questions from citizens. Hence, we kept “participatory consensus conference” OR “danish 

consensus conference” and excluded “consensus conference”. 

63. consultative panels  

Consultative panels approach was excluded because it doesn’t fulfill criterion C, as it does not mention 

science or scientists as participants, and focus on consultancy instead of horizontal collaborations. 

64. feminist research methods  

Feminist research methods do not fulfill criterion C, as scientists or science are not required. 

65. knowledge with action  

Knowledge with action does not fulfill criterion A. It is related to the desired result instead of the 

process (or approach) to get to it. Besides, there is no clear concept or definition in many publications 

using the term. 

66. participatory integrated assessment - PIA  

As it is contemplated with the term integrated assessment already included, we exclude it. 

67. participatory planning processes  

Participatory planning processes approach was excluded because it may or may not - and, therefore, 

not always - fulfills criterion C, as scientists (scientific knowledge) are not necessarily included. 

68. rapid assessment process - RAP  

Rapid assessment process approach was excluded because although It integrates stakeholder 

knowledge into the research process, it is not certain the process will indeed be horizontal, influential 

and iterative. Therefore, criterion C may or may not be - and, therefore, not always is - fulfilled. 

69. stakeholder collaboration  
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Stakeholder collaboration may or may not - and, therefore, not always - fulfills criterion C, as scientists 

(scientific knowledge) are not necessarily included. Because of that, it was excluded.  

70. stakeholder dialogues  

Although the stakeholder dialogues approach brings different perspectives together, and enables the 

stakeholders to jointly seek solutions that are not partial and that do not ignore difficulties, the 

scientific actor is not explicitly mentioned. Therefore, criterion C may or may not be - and, therefore, 

not always is - fulfilled. 

71. team science  

Team science is designed to promote collaborative, and often cross-disciplinary (which includes multi-

, inter-, and transdisciplinary) approaches to answering research questions about particular 

phenomena. In this sense, it may or may not be transdisciplinary. To maintain only the 

transdisciplinary team science approaches, we used “participatory team science”. 
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APPENDIX C - The Scopus search keywords list: 

The search in Scopus Topic Field was conducted as presented in Tables AC 1 and AC 2 in Scopus 

notation.  

 

Table AC 1 - Scopus notation of the search for 54 of the 55 transdisciplinary approaches. 

TITLE-ABS-KEY  

("action oriented research" OR "action oriented knowledge" OR "action oriented science" OR 

"action research" OR 

"actionable knowledge" OR 

"actionable science" OR 

"adaptive management" OR 

"boundary organization*" OR 

"boundary span*" OR 

"boundary work*" OR 

"citizen* jur*" OR 

"civic science" OR 

co-research OR coresearch OR 

"community based participatory research" OR 

"community based research" OR 

"community driven research" OR "community driven knowledge" OR "community driven science" 

OR 

"community engaged research" OR 

"community research" OR 

"community science" OR 

"deliberative poll*" OR "deliberative opinion poll" OR 

"integrated assessment*" OR 

"integrated natural resource management" OR 

"integrated resource management" OR 

"integration science*" OR "integration research*" OR "integration and implementation science*" 

OR 

"integrative research*" OR "integrative science*" OR 

"knowledge action collaborative*" OR 

"knowledge action system" OR 



86 
 

"knowledge co-production" OR "co-production of knowledge" OR "knowledge coproduction" OR 

"coproduction of knowledge" OR 

"knowledge exchange" OR 

"knowledge network*" OR 

"knowledge transfer and exchange" OR 

"mode 2 knowledge" OR 

"mode 2 science" OR 

"participatory consensus conference" OR "danish consensus conference" OR 

"participatory development" OR 

"participatory research" OR 

"participatory resource management" OR 

"participatory team science" OR 

"participatory technology assessment" OR 

"post normal science" OR 

"public ecology" OR 

"scenario workshop*" OR 

"science based stakeholder dialogue*" OR 

"science policy dialogue*" OR 

"science shop*" OR 

"socially robust knowledge" OR 

"span* the boundar*" OR 

transdisciplinar* OR 

"transformative science" OR 

"transition management" OR 

"translational ecology" OR 

"translational science" OR "translational research" OR 

"usable science" OR 

"use inspired research" OR "use inspired basic research" OR 

"use inspired science" OR "user driven science" OR 

"well ordered science") 

 

Because the approach “triple helix” has the same name as a protein structure, publications associated 

with biochemistry and molecular biology, but not related to transdisciplinarity also returned by 
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searching “triple helix” at Scopus. Thus, the search for the approach was developed separately from 

the other 54 approaches (Table 2) and resulted in 7,073 publications that were a posteriori screened. 

 

Table AC 2 - Scopus search notation of triple helix approach. 

TITLE-ABS-KEY ("triple helix") 

 

The resulting publications were screened by the abstract content. As the essence of the triple helix 

approach is the interaction of science, industry, and govern (Leydesdorff & Etzkowitz, 1996; 

Leydesdorff & Meyer, 2003), we kept only the publications that mentioned “government”, “industry” 

and “university” or their synonyms in the abstract. With this procedure, we retained 6,933 

publications for the triple helix approach. 

 

The list of screened publications of the triple helix search were, then, joined to the publications of the 

search of the other 54 transdisciplinary approaches. The final number of publications related to the 

55 transdisciplinary approaches were 130,279 publications.  
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APPENDIX D - R Script to extract bibliographic data from the Scopus API 

and details on the citation network analysis  

The R script we developed to extract information from the list of returned publications through the 

Scopus API has involved adapting functions (mainly abstract retrieval and convert2df) from the 

Rscopus R package (https://github.com/muschellij2/rscopus). In order to use this package and access 

API information, it is necessary to use an API key from https://dev.elsevier.com/sc_apis.html.  

 

The input of our adapted function (Table AD 1) is a list of terms or expressions to be searched at Scopus 

database. The first output consisted of a list Scopus IDs of the returned publications, from which 

details - such as authors and their affiliations, title, abstract, keywords, standard references, journal, 

knowledge area/subject, and year of publication, among others - of each returned publication is 

extracted in a table format called bibliographic dataframe.  

 

Table AD 1 - Developed R script to extract information through the Scopus API. The example here is the search 
for the term “transdisciplinarity”.   

library(rscopus) 

library(bibliometrix) 

library(dplyr) 

library(xml2) 

library(plyr) 

 

api_key = "****************"  

key = set_api_key("****************") 

token = "****************" 

hdr = inst_token_header(token) 

 

years=1900:2021   

  rl=list()  

  for(i in years)  

  { 

    r=scopus_search(paste0('TITLE-ABS-KEY("transdisciplinar*") AND PUBYEAR = ', i), headers = hdr) 

    if (r$total_results>0) 

    {rl[[which(i==years)]]=r} 

    else 

      rl[[which(i==years)]]=NULL 

  } 

   

https://github.com/muschellij2/rscopus
https://dev.elsevier.com/sc_apis.html
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  rl=rl[!sapply(rl,is.null)] 

  r=Reduce(function(...)mapply(c, ...), rl) 

  sum(r$total_results)  

  r  

   

 id.scopus <- sapply(r$entries,"[","dc:identifier") 

 id.scopus[sapply(id.scopus,is.null)]=NA 

 id.scopus=unlist(id.scopus, use.names = F) 

 id.scopus <- id.scopus[!is.na(id.scopus)] 

   

fields = function(x){     

    content = httr::content(x$get_statement, as = "text") 

    content = jsonlite::fromJSON(content, flatten = TRUE) 

    authors = content$`abstracts-retrieval-response`$authors$author 

     

    self =  content$`abstracts-retrieval-response`$coredata 

    scopus_id = self$`dc:identifier`  

    year = substr(self$`prism:coverDate`, 1, 4) 

    title = self$`dc:title` 

      

    abstract = self$`dc:description`  

   references = paste(content$`abstracts-retrieval-response`$item$bibrecord$tail$bibliography$reference$`ref-fulltext`, 

collapse = "; ")  

     

    ref <-content$`abstracts-retrieval-response`$item$bibrecord$tail$bibliography$reference                         

    references.scopus_id = paste(ref$`ref-info.refd-itemidlist.itemid.$`, collapse = ";")     

     

    journal = self$`prism:publicationName` 

affiliation = (paste(content$`abstracts-retrieval-

response`$item$bibrecord$head$correspondence$affiliation$organization$`$`,   

             content$`abstracts-retrieval-response`$item$bibrecord$head$correspondence$affiliation$organization$`$`,   

             content$`abstracts-retrieval-response`$item$bibrecord$head$correspondence$affiliation$`address-part`,  

             content$`abstracts-retrieval-response`$item$bibrecord$head$correspondence$affiliation$`city-group`,   

             content$`abstracts-retrieval-response`$item$bibrecord$head$correspondence$affiliation$country, collapse = 

",")) 

     

    author_keywords = paste(content$`abstracts-retrieval-response`$authkeywords$`author-keyword`$`$`,collapse = "; ")  

    document_type = paste(self$subtypeDescription, collapse = ";")  

    note = (paste(self$citedby, collapse = ";"))  

    issn =  self$`prism:issn`  

    url = self$`prism:url`  
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    language = paste(content$`abstracts-retrieval-response`$item$bibrecord$head$`citation-info`$`abstract-

language`$`@language`,collapse = ";")  

     

    keywords = paste(content$`abstracts-retrieval-response`$idxterms$mainterm$`$`,collapse = ";") 

    abbrev_source_title = paste(content$`abstracts-retrieval-response`$item$bibrecord$head$source$`sourcetitle-

abbrev`,collapse = ";")   

    art_number = paste(self$`article-number`,collapse = ";")   

    coden = paste(content$`abstracts-retrieval-response`$item$bibrecord$head$source$codencode,collapse = ";")    

 

    isbn = paste(self$`prism:isbn`,collapse = ";")  

    publisher = paste(content$`abstracts-retrieval-

response`$item$bibrecord$head$source$publisher$publishername,collapse = ";")   

    source = "scopus"  

    funding_text1 =  paste(content$`abstracts-retrieval-response`$item$`xocs:meta`$`xocs:funding-list`$`xocs:funding-

text`,collapse = ";")  

     

    authors = paste(content$`abstracts-retrieval-response`$authors$author$`ce:indexed-name`, collapse = ";")  

       

    SR_FULL = paste0(authors,", ", year,", ", journal)   

    SR = paste0(authors,", ", year,", ", abbrev_source_title)   

     

    address = (paste(content$`abstracts-retrieval-response`$affiliation$affilname, collapse = ";"))  

     

    volume= self$`prism:volume` 

    number=self$`prism:issueIdentifier` 

    doi = self$`prism:doi` 

     

    pages = self$`prism:pageRange` 

    if (is.null(pages)) { 

      if (!is.null(self$`prism:startingPage`) & !is.null(self$`prism:endingPage`)) { 

        pages = paste0(self$`prism:startingPage`, "-", self$`prism:endingPage`) 

      } else { 

        pages = "-" 

      } 

    } 

    make_names = c("prism:publicationName", "prism:doi", "prism:volume", 

                   "prism:issueIdentifier") 

    for (iname in make_names) { 

      if (is.null(self[[iname]])) { 

        self[[iname]] = "" 

      } 
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    } 

     

    AU = if(!is.null(authors)){paste(authors)} else{NA} 

    DE = if(!is.null(author_keywords)){paste(author_keywords)} else{NA} 

    ID = if(!is.null(keywords)){paste(keywords)} else{NA} 

    C1 = if(!is.null(affiliation)){paste(affiliation)} else{NA} 

    CR = if(!is.null(references)){paste(references)} else{NA} 

    r.S_ID = if(!is.null(references.scopus_id)){paste(references.scopus_id)} else{NA} 

    JI = if(!is.null(abbrev_source_title)){paste(abbrev_source_title)} else{NA} 

    AB = if(!is.null(abstract)){paste(abstract)} else{NA} 

    PA = if(!is.null(address)){paste(address)} else{NA}   

    AR = if(!is.null(art_number)){paste(art_number)} else{NA}  

    coden = if(!is.null(coden)){paste(coden)} else{NA} 

    DT = if(!is.null(document_type)){paste(document_type)} else{NA} 

    S_ID = if(!is.null(scopus_id)){paste(scopus_id)} else{NA} 

    DI = if(!is.null(doi)){paste(doi)} else{NA}  

    FU = {NA} 

    BN = if(!is.null(isbn)){paste(isbn)} else{NA}    

    SN = if(!is.null(issn)){paste(issn)} else{NA}  

    SO = if(!is.null(journal)){paste(journal)} else{NA} 

    LA = if(!is.null(language)){paste(language)} else{NA}  

    TC = if(!is.null(note)){paste(note)} else{NA}   

    PN = if(!is.null(number)){paste(number)} else{NA}   

    PP = if(!is.null(pages)){paste(pages)} else{NA}    

    PU = if(!is.null(publisher)){paste(publisher)} else{NA}    

    DB = if(!is.null(source)){paste(source)} else{NA}     

    TI = if(!is.null(title)){paste(title)} else{NA}     

    url = if(!is.null(url)){paste(url)} else{NA}      

    VL = if(!is.null(volume)){paste(volume)} else{NA}      

    PY = if(!is.null(year)){paste(year)} else{NA}       

    FX = if(!is.null(funding_text1)){paste(funding_text1)} else{NA} 

    SR_FULL = if(!is.null(SR_FULL)){paste(SR_FULL)} else{NA} 

    SR = if(!is.null(SR)){paste(SR)} else{NA} 

     

    resultado<- 

as.data.frame(cbind(AU,DE,ID,C1,CR,r.S_ID,JI,AB,PA,AR,coden,DT,S_ID,DI,FU,BN,SN,SO,LA,TC,PN,PP,PU,DB,TI,url,VL,PY,F

X,SR_FULL,SR)) 

    return(resultado) 

  } 

   

  { 
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    resultado1<-as.data.frame(matrix(nrow = 1, ncol = 31))  

    colnames(resultado1)<-

c("AU","DE","ID","C1","CR","r.S_ID","JI","AB","PA","AR","coden","DT","S_ID","DI","FU","BN","SN","SO","LA","TC","PN","

PP","PU","DB","TI","url","VL","PY","FX","SR_FULL","SR") 

         

    for(i in id.scopus)  

    {   

      ar=abstract_retrieval(i,identifier = "scopus_id", api_key = api_key, headers = hdr)    

      if(ar$get_statement$status_code==200)  

      { 

        D = fields(ar)  

        resultado1<- rbind(resultado1,D) 

      } 

    } 

     

    { 

      { 

        resultado1 <- resultado1[-1, ]  

      } 

      { 

        if ("PY" %in% names(resultado1)){resultado1$PY=as.numeric(resultado1$PY)} else {resultado1$PY <- NA} 

         

        if ("TC" %in% names(resultado1)){ 

          resultado1$TC=as.numeric(resultado1$TC) 

          resultado1$TC[is.na(resultado1$TC)] <- 0 

        } else {resultado1$TC <- 0} 

         

        if (!("CR" %in% names(resultado1))){ 

          resultado1$CR="none" 

        } else {     

          resultado1$CR <- trim.leading(trimES(gsub("\\[,||\\[||\\]|| \\.\\. || \\. ","",resultado1$CR)))  

        }  

      }  

             

            if ("C1" %in% names(resultado1)) { 

             cat("\nGenerating affiliation field tag AU_UN from C1:  ") 

               

              resultado1 <- metaTagExtraction(resultado1, Field = "AU_UN") 

              cat("Done!\n\n") 

            } else{ 

              resultado1$C1 = NA 
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              resultado1$AU_UN = NA 

            } 

    } 

     

    { 

      suppressWarnings(resultado1 <- metaTagExtraction(resultado1, Field = "SR")) 

      d <- duplicated(resultado1$SR) 

      if (sum(d) > 0)  

        cat("\nRemoved ", sum(d), "duplicated documents\n") 

      resultado1 <- resultado1[!d, ] 

      row.names(resultado1) <- resultado1$SR 

    }    

         

    class(resultado1) <- c("bibliometrixDB", "data.frame")  

  } 

   

  resultado1 

  class(resultado1) 

   

  resultado1 <- duplicatedMatching(resultado1, Field = "S_ID", exact = TRUE) 

  } 

 

From the bibliographic dataframe, the citation network was developed adapting the histNetwork 

function of Bibliometrix R package (Aria & Cuccurullo, 2017; 

https://github.com/massimoaria/bibliometrix/blob/master/R/histNetwork.R). The adaptation 

consists of substituting the TIpost (field that joins title and year of publications) and CR (citation 

references) fields - and that are used to create the correlation matrix - by, respectively, Scopus ID of 

returned publications and of their references. 

Then, the citation network analysis was performed through biblioAnalysis and termExtraction 

functions of the Bibliometrix package (Aria & Cuccurullo, 2017). The output involved indices of 

centrality and most used terms in titles, abstracts and keywords of its publications. Finally, network 

edges and nodes were extracted from the function networkPlot, also from the Bibliometrix package. 
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APPENDIX E - The use of Scopus ID of returned publications and of their 

references 

The Scopus database presents an identification number (ID) for each of the publications registered 

within it, which we call Scopus ID (Elsevier also calls it Record ID - 

https://dev.elsevier.com/academic_research_scopus.html). The use of the Scopus ID of the returned 

publications (from the bibliographic search) and of their references enables the development of an 

accurate citation network (i.e. a correlation matrix of publications and its references) that is difficult 

to obtain otherwise given small but common differences in the citation of authors names or similarity 

in titles across different publications. However, the Scopus API did not have the Scopus IDs of the 

references of all publications. From the 130,279 publications returned in the search in Scopus, 9,737 

(7.5%) did not cite references (no references in the Scopus API) and as such could not be included in 

the direct citation network. Of the remaining 120,542 publications that cite references, 83,135 (69%) 

had the Scopus ID of their references, and were used to build the citation network. Among those, 

55,744 cite at least one publication used to build the network, and entered as a node in the network. 

 

 

  

https://dev.elsevier.com/academic_research_scopus.html
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APPENDIX F - The mixing parameter (μ)  

The mixing parameter (μ) is used as an easily measurable indicator of finding the ranges of reliability 

of different algorithms (Yang et al., 2016). The parameter is calculated through the formula below, in 

which ki
ext stand for the number of edges connecting node i to others that belong to different 

communities and ki
tot for the total degree of the node. We used the package igraph in R to calculate 

μ. 

μ = Σiki
ext /Σiki

tot 

The Louvain algorithm is suitable for identification of clusters in large and heterogeneous networks 

with μ > 0.5 (Yang et al., 2016). Our network fits this description with a mixing parameter of μ = 0.77, 

varying from 0.59 to 0.89 across communities. In this sense, Louvain was chosen as an adequate 

algorithm to identify clusters in our network. 
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APPENDIX G - Glossary of dominant transdisciplinary approaches 

⮚ Definition of transdisciplinary approaches 

Transdisciplinary approaches are defined here as ways of conducting research, management, 

planning, or decision making, or of producing knowledge or public discourse, that aim at solving real-

world problems by linking science and practice (including also organizations designed for, and specific 

techniques used in, the process of doing so). The linkage between science and practice is based on the 

sharing of multiple scientific and non-scientific - including experiential - types of knowledge in an 

iterative, multi-way and influential manner. 

⮚ The criteria that need to be fulfilled so that an approach is considered a 

transdisciplinary approach 

 

⮚ How each approach is presented here  

Brief characterization: We compiled a brief characterization of each approach covering the focal entity 

under consideration, the focal process to be changed, the central goal of the change, the guiding 

tenets, main stakeholders, and the general methodological guidelines of each of them.  

Key references: We chose a small list of informative publications to further learning about each 

approach. The key references result from initial effort to map and screen the names of approaches to 

enter our bibliographic search, as well as the identification of the most cited and central publications 

in the citation network. 
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⮚ The dominant transdisciplinary approaches 

ACTION RESEARCH 

Brief characterization: Action research is defined as “a participatory, democratic process 

concerned with developing practical knowing in the pursuit of worthwhile human purposes, 

grounded in a participatory worldview which we believe is emerging at this historical moment. It 

seeks to bring together action and reflection, theory and practice, in participation with others, in 

the pursuit of practical solutions to issues of pressing concern to people, and more generally the 

flourishing of individual persons and their communities” (Reason & Bradbury, 2001). Its goal is 

transformative change and improvement of social action (Lewin, 1946). Action research involves 

engaging with uncertainty, complexity, and messiness, and being willing to learn from experience 

and engage with diverse perspectives (Brydon-Miller et al., 2003) and consists of a spiral of steps 

consisting of planning, action, and fact-finding about the result of the action (Lewin, 1946). Finally, 

according to Scholz & Steiner (2015), action research may be seen as a precursor of 

transdisciplinarity mode 2 (i.e., as defined below). 

Key references:  

Brydon-Miller, M., Greenwood, D., & Maguire, P. (2003). Why action research?. Action research, 

1(1), 9-28. 

Cornish, F., Breton, N., Moreno-Tabarez, U., Delgado, J., Rua, M., de-Graft Aikins, A., & Hodgetts, 

D. (2023). Participatory action research. Nature Reviews Methods Primers, 3(1), 34. 

Lewin, K. (1946). Action Research and Minority Problems. Journal of Social Issues 2(4): 34–46. 

Reason, P., & Bradbury, H. (Eds.). (2001). Handbook of action research: Participative inquiry and 

practice. London: Sage Publications 

Scholz, R. W., & Steiner G. (2015). The real type and ideal type of transdisciplinary processes: Part 

I-theoretical foundations. Sustainability Science 10(Nr.4): 527–44. 

Stokols, D. (2006). Toward a science of transdisciplinary action research. American journal of 

community psychology, 38, 63-77. 

Tripp, D. (2005). Action Research: a methodological introduction. Research and Education, 31(3), 

443-466. 

ADAPTIVE MANAGEMENT  

Brief characterization: Adaptive management is “a structured, iterative process of decision-making 

with respect to complex socioe-cological systems” (Scholz & Binder, 2011). It involves delivering 

tangible outcomes while actively accommodating uncertainty, complexity, and unpredictability, 
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and demonstrating a commitment to experiential learning and embracing diverse perspectives 

(Holling, 1978; Lee, 1993). The challenge in using the adaptive management approach “lies in 

finding the correct balance between gaining knowledge to improve management in the future and 

achieving the best short-term outcome based on current knowledge” (Allan & Stankey, 2009). 

“Learning and adapting, through partnerships of managers, scientists, and other stakeholders who 

learn together how to create and maintain sustainable resource systems” (Allan & Stankey, 2009). 

The adaptive approach is “an important component of a search for a new meaning for 

conservation − a meaning that is bioregional in scope, and collaborative in governance, as well as 

adaptive in managerial perspective” (Lee, 2001).  

Key references:  

Allan, C., & Stankey, G. H. (2009). Adaptive environmental management (Vol. 351). New York: 

Springer. 

Berkes, F. (2009). Evolution of co-management: role of knowledge generation, bridging 

organizations and social learning. Journal of environmental management, 90(5), 1692-1702. 

Folke, C. (2006). Resilience: The emergence of a perspective for social–ecological systems 

analyses. Global environmental change, 16(3), 253-267. 

Holling, C. S. (1978). Adaptive Environmental Assessment and Management. Wiley, London 

Lee, K. N. (2001). Appraising adaptive management. In Biological diversity (pp. 3-26). CRC Press. 

Pahl-Wostl, C. (2009). A conceptual framework for analysing adaptive capacity and multi-level 

learning processes in resource governance regimes. Global environmental change, 19(3), 354-

365. 

Roling, N. G., & Wagemakers, M. A. E. (Eds.). (2000). Facilitating sustainable agriculture: 

participatory learning and adaptive management in times of environmental uncertainty. 

Cambridge University Press. 

Scholz, R. W., & Binder, C. R. (2011). Environmental literacy in science and society: from knowledge 

to decisions. 

BOUNDARY-SPANNING 

Brief characterization: Boundary-spanning is defined as “work to enable exchange between the 

production and use of knowledge to support evidence-informed decision-making in a specific 

context” (Bednarek et al., 2018). The approach takes into account the broader context of actors, 

perspectives, values, contested evidence, decision-making history, and power dynamics in shaping 

a productive knowledge exchange process (Bednarek et al., 2018). The concept first emerged in 

the 1970s to identify organizational specific functions or roles that facilitate knowledge exchange 
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between organizations (Aldrich & Herker, 1977; Leifer & Delbecq, 1978). The significance of 

constructive knowledge exchange in this sense has been embraced by those seeking to grapple 

with wicked problems or complex social challenges such as sustainability (Guston, 2001; Harris et 

al., 2010). In the boundary spanning approach the role of boundary spanners - individuals or 

organizations that specifically and actively facilitate the process - is essential. Boundary spanners 

act as honest brokers, whereby they do not advocate for a single cause or predetermined outcome 

(Bednarek et al., 2018). 

Key references:  
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Harris, J., Brown, V. A., & Russell, J. (Eds.). (2010). Tackling wicked problems: Through the 
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Levina, N., & Vaast, E. (2005). The emergence of boundary spanning competence in practice: 

Implications for implementation and use of information systems. MIS quarterly, 335-363. 

Williams, P. (2002). The competent boundary spanner. Public administration, 80(1), 103-124. 

COMMUNITY BASED PARTICIPATORY RESEARCH 

Brief characterization: Community-based participatory research (CBPR) “implies building 

relationships with community members and establishing partnerships which actively engage local 

stakeholders throughout the research process” (Amauchi et al., 2022). Rhodes et al. (2010) also 

mentions the requirement of a partnership “comprised of committed community members, 

organizational representatives, and academic researchers”. “This collaborative approach to 

research equitably involves all partners in the research process and recognizes the unique 

strengths that each brings” (Horowitz et al., 2009). CBPR is related to health inequities challenges 

in marginalized communities through integrated research and practice, emphasizing community 
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engagement with focus on well-being to address disparities and promote equity (Israel et al., 

1998). The approach encompasses a multidirectional exchange of information and learning, 

emphasizing the critical need for openness and trust among partners, as well as possessing the 

potential to enhance individual and community capacity, fostering sustainability, dissemination, 

and the development of future steps to address complex challenges (Rhodes et al., 2010). “CBPR 

requires relationship building with community members, which can be achieved through increased 

and shared responsibility and recognition of the vulnerability of both researchers and participants” 

(Amauchi et al., 2022). “CBPR starts from a research topic of importance to the community with 

the aim of combining knowledge and action for social change to improve community issues and 

eliminate disparities” (Minkler & Garcia, 2012).  
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environmental health sciences. Environmental health perspectives, 110(suppl 2), 155-159. 
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INTEGRATED ASSESSMENTS 

Brief characterization: Integrated Assessment (IA) “is a research community explicitly focusing on 

research of complex issues and unstructured problems” (van Asselt et al., 2022). It is defined as an 

“iterative participatory process that links knowledge (science) and action (policy) regarding 

complex global change issues” (van der Sluijs, 2002). "Over the past few decades Integrated 

Assessment (IA) has emerged as an approach to link knowledge and action in a way that is suitable 

to accommodate uncertainties, complexities and value diversities of global environmental risks. 

Responding to the complex nature of the climate problem and to the changing role of climate 

change in the international climate policy process, the scientific community has started to include 

stakeholder knowledge and perspectives in their assessments” (Kloprogge & Sluijs, 2006). This 

process entails gathering, condensing, structuring, interpreting, and potentially harmonizing 

various elements of preexisting knowledge, then conveying them in a manner that is pertinent 

and beneficial to a knowledgeable yet non-specialist decision-maker (Parson, 1995). IA “can be 

described as the involvement of stakeholders in the formation of research questions, generation 

of new information and the discussion on results and recommendations through a series of 

structured, but open dialogues sessions involving stakeholders and scientists. [...] The group of 

participants consists of scientists from different disciplines who are experts on (aspects of) the 

central issue and various stakeholders, primarily decisionmakers, NGOs and representatives of 

business and other societal sectors” (van Asselt Marjolein & Rijkens-Klomp, 2002). 

Key references:  
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KNOWLEDGE EXCHANGE  

Brief characterization: Knowledge exchange (KE) is a broad approach defined as ‘‘a process of 

generating, sharing, and/or using knowledge through various methods appropriate to the context, 

purpose, and participants involved. KE includes concepts such as sharing, generation, 

coproduction, co-management, and brokerage of knowledge” (Fazey et al., 2013). It describes the 

interchange of knowledge between research users and scientific producers (Mitton et al., 2007). 

The concept encompasses all facets of knowledge production, sharing, storage, mobilization, 

translation and use (Best & Holmes, 2010). As such, “when done successfully it is believed that 

knowledge exchange increases the likelihood that knowledge and evidence will be used in policy 

and practice decisions, thus increasing the success of those decisions in meeting their objectives”  

(Cvitanovic et al., 2015). Knowledge exchange processes involve autonomy and interdependence 

and interconnectedness among all participants (Contandriopoulos et al., 2010) and “is relevant to 

most areas of research, drawing on insights from diverse fields, including adaptive co-

management, participation, stakeholder engagement, and community-based conservation. It can 

be both formal or informal, from co-management and co-production of research, community-

based or collaborative management, knowledge brokering, management of knowledge sharing 

systems in organizations or to support disaster planning, community communication and 

knowledge transfer, the translation of research for practice, health education programmes or 

policy-maker forums” (Fazey et al., 2014). 

Key references:  
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exchange: review and synthesis of the literature. The Milbank Quarterly, 85(4), 729-768. 

KNOWLEDGE NETWORKS  

Brief characterization: Knowledge networks are defined as vehicles for bridging the gap between 

knowledge and action (Feldman & Ingram, 2009). The approach involves policy makers, scientists, 

government agencies, and nongovernmental organizations (Sarewitz & Pielke, 2007; Jacobs et al., 

2005) “linked together in an effort to provide close, ongoing, and nearly continuous 

communication and information dissemination among multiple sectors of society involved in 

technological and policy innovations for managing real world impacts” (Feldman & Ingram, 2009). 

The outcomes of the knowledge network encompass the generation of new knowledge, sharing 

and learning, and the adoption of knowledge (Phelps et al., 2012). Knowledge networks involve 

implementation of strategies to engage decision makers more directly and, and they seek to 

reinforce members’ innovation and communication skills (Creech, 2001).  

Key references:  
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making. Environment, 47, 6–22 
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and demand for science. environmental science & policy, 10(1), 5-16. 

PARTICIPATORY RESEARCH  

Brief characterization: Participatory research is a way of conducting research in which the focus 

“is on a process of sequential reflection and action, carried out with and by local people rather 

than on them. Local knowledge and perspectives are not only acknowledged but form the basis for 

research and planning” (Cornwall & Jewkes, 1995). The approach focuses on addressing issues and 

challenges faced by communities, and aims to empower communities and promote social change 

(Berardi, 2002). “There is a commitment to certain values of democracy, equity (the notion that 

we should generate economic opportunities for all), working with the environment as a habitat for 

people and other organisms, and, lastly the value of self- and community-determination, with 

people experiencing the changes that they see as important” (Berardi, 2002). 

Key references:  

Berardi, G. (2002). Commentary on the challenge to change: Participatory research and 
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Scholz, R. W., & Steiner, G. (2015). The real type and ideal type of transdisciplinary processes: part 

I—theoretical foundations. Sustainability Science, 10, 527-544. 

TRANSDISCIPLINARITY 

Brief characterization: Transdisciplinarity is conceived “as a facilitated process of mutual learning 

between science and society that relates a targeted multidisciplinary or interdisciplinary research 

process and a multi-stakeholder discourse for developing socially robust orientations about a 

specific real-world issue (either a problem or a case)” (Scholz & Steiner, 2015). Transdisciplinarity 

“links scientific, theoretic, and abstract epistemics with real-world factors that are based on 

experiential knowledge from outside academia” (Scholz & Binder, 2011) and “leads to a move from 

science on/about society towards science for/with society” (Steiner & Posch, 2006). 

“Transdisciplinarity processes may serve capacity building among all participants; consensus 
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building about what the main problems are, including their genesis and transformation, strategies 

for mitigating emerging conflicts (i.e., analytic mediation) in a process of sustainable 

transformation, and as a means for legitimizing policy options (if representatives of all relevant 

stakeholder groups have been included and properly considered)” (Scholz & Steiner, 2015). 

Key references:  
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Cleaner production, 14(9-11), 877-890. 

Stokols, D., Fuqua, J., Gress, J., Harvey, R., Phillips, K., Baezconde-Garbanati, L., ... & Trochim, W. 
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TRANSLATIONAL SCIENCE / TRANSLATIONAL RESEARCH 

Brief characterization: Translational research (or Translational science) originally applies “findings 

from basic science to enhance human health and well-being. The approach adopts a scientific 

investigation/enquiry into a given problem facing medical/health practices to surmount such 

problem which will help to raise aggregate health performance” (Agency for Healthcare Research 

and Quality 2017). “The word ‘translation’ implies a need for the parties involved to make their 

languages mutually intelligible, and understand each other’s cultural views” (Knapp et al., 2019). 
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There are two areas of research within translational research: one in which the interface is 

between basic science and clinical medicine and the end point is the “production of a promising 

new treatment that can be used clinically or commercialized” and other “refers to translating 

research into practice; ie, ensuring that new treatments and research knowledge actually reach 

the patients or populations for whom they are intended and are implemented correctly” (Woolf, 

2008). Today Translational research appears in medicine, ecology and climate science, with all of 

these disciplines emphasizing the goal of involving end-users in the research process (Knapp et al., 

2019). The approach involves bidirectional (between knowledge producers and potential users) 

and cyclical (ongoing learning) research processes, integration of diverse disciplines and 

perspectives, and – in the realm of medicine – a focus on addressing health disparities. It involves 

a deliberate effort to bring basic science discoveries through the stages of intervention 

development, intervention testing, dissemination of findings, and implementation of research 

results in clinical practice, public health programs, and community settings (Dankwa-Mullan et al., 

2010). 
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TRIPLE-HELIX  

Brief characterization: The Triple Helix approach conceptualizes the interaction of the university, 

industry and government to foster economic and social development (Etzkowitz, & Zhou, 2017; 

Leydesdorff, 2012; Galvao et al., 2019). “The triple helix focuses on ‘innovation in innovation’ and 

the dynamic to foster an innovation ecosystem, through various hybrid organizations, such as 

technology transfer offices, venture capital firms, incubators, accelerators, and science parks” 

(Etzkowitz & Zhou, 2017). “The increase of interactions among the institutions has had the effect 

of generating new structures within each of them, such as centers in universities or strategic 

alliances among companies. These interactions have also led to the creation of integrating 

mechanisms among the spheres in the form of networks, for example, of academic, industrial and 

governmental researchers, and hybrid organizations” (Leydesdorff & Etzkowitz, 1996). The 

approach implies dialogue across sectors, with a focus on identifying and understanding the 

different expectations, norms, and values of each sector, and innovation in a knowledge-based 

economy (Leydesdorff & Meyer, 2003; Leydesdorff, 2012; Rosenlund et al., 2017). According to 

Leydesdorff (2012), each stakeholder has a role in triple helix: universities engaging in basic 

research, industries producing commercial goods, and governments regulating markets.  
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APPENDIX H – Testing the relationship between the number of 

publications and the number of communities mentioning them 

To test the relationship between the number of publications of each approach and the number of 

communities using them, we developed a linear model of the number of communities that mention 

each approach (dependent variable) as a function of the base 10 logarithm of the number of 

publications from each approach in the network, using normal distribution and identity link function 

(Figure AH 1). The linear model indicates the number of publications explains well the variation in the 

number of communities that mention the approaches (R2 = 0.81). 

 

Figure AH 1 - The number of and communities mentioning each transdisciplinary approach as a linear function 
of logarithm of the number of publications per approach. 1 action research; 2 translational science / research; 3 
adaptive management; 4 participatory research; 5 community based participatory research; 6 
transdisciplinarity; 7 integrated assessment; 8 knowledge exchange; 9 knowledge network; 10 triple helix; 11 
boundary span; 12 community based research; 13 community research; 14 coproduction; 15 boundary work; 16 
participatory development; 17 transition management; 18 actionable knowledge; 19 integrative science / 
research; 20 community engaged research; 21 boundary organization; 22 post normal science; 23 citizen juries; 
24 integration science / research; 25 action oriented research / knowledge / science; 26 integrated resource 
management; 27 community driven research / knowledge / science; 28 deliberative poll; 29 integrated natural 
resource management; 30 mode 2 knowledge; 31 community science; 32 coresearch; 33 knowledge transfer 
exchange; 34 civic science; 35 scenario workshop; 36 participatory technology assessment; 37 usable science; 
38 span boundaries; 39 science shop; 40 participatory resource management; 41 socially robust knowledge; 42 
transformative science; 43 use inspired research; 44 actionable science; 45 mode 2 science; 46 science policy 
dialogue; 47 well-ordered science; 48 translational ecology; 49 knowledge action system; 50 public ecology; 51 
participatory / danish consensus conference; 52 use / user inspired driven science; 53 science based stakeholder 
dialogue; 54 participatory team science; 55 knowledge action collaboratives. 


