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Abstract
The present study sheds light on transdisciplinary education through the application of a 
scoping literature review, as a lack of a comprehensive synthesis in this area is evident. 
Thus, the overview frames and outlines the scattered research that has been fulfilled until 
now in this field. As a result, within transdisciplinary education, medical and adolescent 
themes form the main scopes, while within sustainable transdisciplinary education, peda-
gogical design, socio-efficiency, and philosophy are the major themes. Furthermore, the 
present study contributes to the understanding of transdisciplinary education by high-
lighting the avenues for future research. Consequently, the translation of transdisciplinary 
teaching practices to comparable languages and an increase of transparency in the applica-
tion and reporting of the transdisciplinary design steps are suggested.

Keywords  Transdisciplinary · Pedagogy · Teacher education · Teaching · Innovation

1  Introduction

The dominant approach in the current university and educational system is based on a 
single-disciplinary style, though various attempts and experiments have been conducted 
to shift the education towards interdisciplinary or transdisciplinary approaches in order 
to better meet real-world expectations (Fortuin & Van Koppen, 2016; Knuuttila, 2013). A 
similar drawback in the building blocks of teaching guidelines through siloed pedagogical 
competencies can be observed (Jordan et al., 2008). Tackling this challenge requires a rig-
orous combination of modern pedagogy, facilitators, and different views (Klaassen, 2018).

The history of the transdisciplinary model goes back to the year 1840 to the term “consil-
ience”, which refers to a “jumping together of knowledge by linking facts across disciplines 
to develop a common explanation” (Glittenberg, 2004, p. 8), where the author anticipated 
the demand for a more rigorous learning process by interweaving knowledge of humanity 
and natural science. Nonetheless, the first observation of the term, transdisciplinary, dates 
back to the year 1982 (Glittenberg, 2004). Meanwhile, some studies noted the challenges of 
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the siloed educational system, the barriers to merging different disciplines, and the essen-
tial competencies (e.g., Hansmann et  al., 2009; Smith & Christie, 2004). Generally, the 
issue of transdisciplinary education requires opening the closed boundaries of the subjects 
or disciplines for integration “to see a variety of situations as like each other” (Jakobsen 
& Bucciarelli, 2007, p. 299). Likewise, Hammer and Söderqvist (2001) highlighted that 
the vital measures in experimental transdisciplinary teachings are the improvement of the 
student awareness of various disciplinary terminologies and expressions to ease commu-
nications and the development of critical thinking in students to grow their capabilities to 
view the world from different angles. Similarly, Grey and Connolly (2008) explained the 
difficulty of transdisciplinary education by stating, “coming together is a beginning; keep-
ing together is progress; working together is success” (p. 102). This educational paradigm 
needs an integrated model of education and a cooperative team and commitments from vari-
ous academic units and authorities in order to combine different curricula (McDaniel et al., 
2008). However, a variety of academic disciplines have not yet systematically engaged with 
the transdisciplinary approach (Collin, 2009; Meneses & McNees, 2007). Nevertheless, the 
development of integrated curricula as an emerging phenomenon is gaining considerable 
attention in the advanced educational systems needing integration across disciplines (Lam 
et al., 2013).

Accordingly, three main types of collaboration and integration between different disci-
plines can be determined: multidisciplinary, interdisciplinary, and transdisciplinary (Huu-
toniemi et al., 2010). A multidisciplinary approach is considered as independent works on 
different facets of a topic within the boundary of each discipline, while a transdiscipli-
nary approach is an overlapping collaboration of theories, concepts, and shared problems 
(Ferguson-Patrick et al., 2018). Thus, the degree of unity of theories, methods, concepts, 
knowledge, values, and aims increases, respectively, from multidisciplinary to interdisci-
plinary, and then to transdisciplinary (Alvargonzález, 2011). Nevertheless, there is also 
an ambiguity in the interdisciplinary definition, as it can cover a wide range of interac-
tions, such as simple communications up to integrated methodologies and epistemologies 
(Chowdhary et al., 2014; Fam et al., 2020). For instance, the following definition for inter-
disciplinary can be extracted: “a side by side of disciplines”, which is also equivalent to the 
multidisciplinary concept (Baumgärtner et al., 2008, p. 386). Although the lack of consen-
sus about the transdisciplinary definition is visible in some academic works (for instance, 
Gero (2017) considered the transdisciplinary approach as a subcategory of an interdiscipli-
nary approach), the study of the development of the process of transdisciplinary education 
distinguishes it from the interdisciplinary process through integrated leadership and shared 
missions in the social context (Otis-Green et al., 2009). Simply speaking, interdisciplinary 
is considered as the cooperation of scientific disciplines, while transdisciplinary is the 
interrelationship of science and society (Alvargonzález, 2011).

Furthermore, a transdisciplinary approach is a vital factor to fulfil the sustainable develop-
ment goals determined by the United Nations (Pennington et al., 2020). Although the notion 
of sustainable development was coined in the year 1987, it will be imposing further complex-
ity to decision systems, including education, considering that new dimensions and features are 
still being added to the sustainable development concept by research scholars, replacing the 
traditional triple bottom lines of society, environment, and economics (Gaziulusoy & Boyle, 
2013; Hamdouch & Zuindeau, 2010). Accordingly, new concepts and systems need to be 
shaped or integrated into the educational process that also make the traditional triangle of pas-
sive education (content, teacher, and student) invalid (Steiner & Posch, 2006). Therefore, the 
demand for sustainability has made the teaching scenarios more complicated since a variety of 
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new methods, lenses, and competencies should merge to make teaching schemes more career-
relevant and ensure that they meet the new expectations (Brown et al., 2017).

According to the simulated case study of Fromhold-Eisebith et al. (2009), shifting the edu-
cation governance towards transdisciplinarity needs to cope with several contradictions, such 
as tradition vs innovation, single vs together, inside vs outside. Accordingly, an interactive 
transdisciplinary educational system demands an active and purposeful interaction of students, 
teachers, and stakeholders (Carpenter et al., 1998). The core concept of this systematic educa-
tion framework depends on both the maturity of the process of innovation (e.g., collaborative 
learning towards the acquisition of knowledge) and the degree of stakeholders’ involvement 
(Kekes & Mylonakou, 2006). Nevertheless, the measurement of the success of transdiscipli-
nary teaching has been a debatable issue, mainly depending on variation in the intended goals 
and aims of teaching and on methodological weaknesses (Jahangiri et al., 2008). For instance, 
Lambert and Monnier-Barbarino (2005) determined related achievement criteria through the 
level of students’ evolution, such as the capability to translate disciplinary knowledge into the 
language of another discipline, or curiosity and analysis of obstacles to sharing the new con-
cepts and paradigms.

In the process of operationalising transdisciplinary education, simulating a model of 
an actual situation is a crucial step (Aeberhard & Rist, 2009). However, there is not enough 
existing empirical evidence regarding models of transdisciplinary learning implementation 
(Nash, 2008). A model as a toolbox, or “toy model”, can aid the transdisciplinary teaching 
process, which is also affected by sustainability complexity (Baumgärtner et al., 2008, p. 389). 
Accordingly, complexity in transdisciplinary education is regarded as a wicked problem and is 
characterised as uncontrollable, unique, and unpredictable due to the variety of stakeholders’ 
perspectives (Valdés et al., 2019). As a general educational policy, implementing “reflective 
practice” in the transdisciplinary education process can ease this complexity issue (Bore & 
Wright, 2009, p. 241). The critical components of reflexive teaching and learning are the theo-
retical models used to systematically evaluate the scientific facets of the transdisciplinary pro-
cess and the know-how of bridging the gap between the theory and practice (Fortuin & Van 
Koppen, 2016). Meanwhile, McGregor (2017) recommends inquiry-based pedagogy, which is 
mainly based on the interactive enquiries of students in a collaborative learning environment, 
as an impactful strategy for the transition towards transdisciplinary teaching. Hence, to meet 
the real expectations of education and society, a change-oriented pedagogy based on collabo-
ration and reflexive approaches is essential (Whelan & Lawthom, 2009). Table 1 depicts an 
outline of the facets of multi-, inter-, and transdisciplinary approaches.

This paper is structured as follows. The next section explains the methodology of the study. 
Subsequently, we discuss the main body of the review in three phases. First, the evaluation of 
transdisciplinary teaching and education without contributing to sustainable development is 
presented. This is followed by an exploration of transdisciplinary teaching and sustainability. 
Finally, pragmatic views are presented. The study is finalised by a discussion and recommen-
dations for future research.

2 � Method

The literature review is considered as one of the key tools for classifying and synthesis-
ing a group of different studies from diverse disciplines and methodologies that contrib-
ute to a similar domain of problems and scientific gaps (Teixeira et  al., 2012). Mean-
while, a scoping review mainly summarises an area and offers a snapshot of a specific 
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area of literature, without judgement about the quality, while striving to draw a rapid 
map of the circumstances (Barbeau et al., 2018). Thus, scoping reviews, in contrast to 
systematic reviews, provide a broader overview of the studies (McEvoy et  al., 2015). 
Moreover, a scoping review can be a precursor to a systematic review (Munn et  al., 
2018).

Consequently, a scoping review considers a predetermined set of criteria to gener-
ate a comprehensive search to answer a specific research question while leading to the 
transparency and reliability of the results (Coemans & Hannes, 2017). The general cri-
teria are the number and type of papers that should be included in the analysis to offer a 
rapid unbiased review (Stevenson et al., 2017). The contribution of systematic review to 
the analysis of transdisciplinary education has been endorsed in extant scholarly works 
(Bellamy et al., 2013). Accordingly, our broad research question has been: What are the 
status and overview of the extant scholarly works related to transdisciplinary teaching 
and education?

This study is based on a review of peer-reviewed articles, while our analysis strives 
to make a distinction between the transdisciplinary approach as a “research methodol-
ogy” and the transdisciplinary approach as a “teaching” method (e.g., Fam et al., 2020). 
The EBSCOhost database has been used to collect the samples required for the syn-
thesis. The primary selection process has been based on the Boolean search method, 
and the search terms were “transdisciplinary” on Title; AND “teaching” on Subject OR 
“education” on Subject/Source OR “pedagogy” on Subject OR “students” on Abstract. 
Thus, we have focused on contributions that have stated the transdisciplinary term at the 
title of the papers. This initial search of the articles formed 458 potential results after 
the year 2010 (as shown in the Prisma diagram in Fig. 1).

The review framework follows a five-step scoping strategy: identification of research 
question, recognising related studies, selection, charting, and reporting the results 
(Arksey & O’Malley, 2005; Marcheschi et  al., 2018). Consequently, different crite-
ria were considered to select the final group of the involved papers. For the reliability 
and validity of this study, the following (peer-reviewed) databases have been included: 
Elsevier, Sage, Springer, Taylor & Francis, Wiley, and Emerald. Results such as edito-
rial commentaries, personal views, conference papers, poster presentations, and dupli-
cated results, were excluded. Therefore, 69 articles were finally included in the review 
process.

Then, the main filter was by the inclusion of the “sustainability” term in the content of 
included papers, reducing the total to 33 out of 69. However, a group of the 36 papers with-
out contribution to the sustainable development evaluated as well, to provide a compara-
tive view of how sustainable development as a more recent phenomenon has impacted the 
transdisciplinary study trends.

In the next stage, we have filtered the pragmatic approach of the chosen literature by 
the “triangulation” term to answer: What, practically, can we do? (e.g., Huutoniemi et al., 
2010). Varpio et al. (2017) have defined triangulation as using multiple types of data, inves-
tigators, methods, theories, and philosophies to cover the reliability, accuracy, and validity 
of the teaching or study. However, incorporation of the “triangulation” filter revealed no 
explicit contribution to the pedagogical triangulation, and just a few papers involved it as 
a “research” methodology (not a teaching method/strategy). Thus, we have implemented a 
separate search string by “triangulation” on Title and “teaching” on Subject that resulted 
in 13 papers, while four articles were found relevant. Hence, the scoping review acted as a 
precursor for the last step, which is a systematic judgement about the articles (Peters et al., 
2015).
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3 � Results

3.1 � Transdisciplinary Teaching and Education

This section illustrates the scope of transdisciplinary teaching and education, without con-
tribution to sustainable development. The evaluation in Table 2 has revealed relationships 
between transdisciplinary education and different key themes. Therefore, the assessment in 
this section has resulted in the following major scopes: medical, adolescent, art, pedagogi-
cal design and planning, language, socio-efficiency, and special education. A summary of 
the findings and a brief explanation of each scope are presented in Table 3. The scoping of 
the included papers was done mainly via the subject and context explanations provided by 
EBSCOhost.

3.2 � Transdisciplinary Education and Sustainable Development

Following the complex nature of transdisciplinarity, the impact of the multidimensional 
aspect of sustainability can be observed in this section (Table 4). Technically, designing 
education for sustainability requires tackling real-life problems that are beyond a simple 
academic practice, which requires a shift towards the collaborative and integrated model 
of learning and education (Bootsma et  al., 2014). Aneas (2015) has defined sustainable 
transdisciplinary education as a collection of maps and socio-cultural perspectives that can 

Primary data set (a�er 2010)

n=458

Papers included

n=69

Transdisciplinary educa�on

n=36

Transdisciplinary educa�on
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Fig. 1   Scoping review process
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be used to observe real-life problems from different angles. Furthermore, the success of the 
transdisciplinary program also depends on the degree of collaboration with stakeholders 
(Meyer et al., 2017). The teachers’ stance in teaching sustainable development through an 
“innovative pedagogy” is a leading factor in promoting the epistemic change of transdisci-
plinary education into a shared learning process among science and stakeholders (Jia et al., 
2019, p. 167). Similarly, two different forms of pedagogy can be recognised as extrinsically 
motivated (e.g., “fear of failure”) for the traditional subject-oriented teaching approach, and 
intrinsically motivated to enable the deep understanding that can provide the “hope for suc-
cess” of sustainable transdisciplinary education by considering a holistic and global view 
in confronting sustainability challenges (Nordén, 2018, p. 11–12). Tackling this complex-
ity requires methods and curricula that integrate isolated scientific knowledge and society 
in the process of learning and in the production of knowledge (Clark & Button, 2011).

Meanwhile, as the transdisciplinary education strategy is problem-solving-oriented, 
having a pragmatic approach in the transdisciplinary education process is a requirement (Di 
Giulio & Defila, 2017). Abson et al. (2017) have offered four systematic leverage points as 
a practical (pragmatic) approach to tackle the complex sustainability challenges as param-
eters, feedbacks, design, and intent. Hence, the implementation of systematic leverage 
points is essential in the transformation towards sustainable transdisciplinary education 
(Fam et al., 2020). Although the systematic thinking concept has been sufficiently devel-
oped in the educational systems, which can help students obtain a holistic view of sustain-
ability, the pedagogical methods for developing the competencies to “get things done” and 
collectively map and design the strategies for evolution towards transdisciplinary education 
have not been adequately discussed, which enables the students to recognise and resolve 
the conflicts between the sustainable and traditional values and goals (Remington‐Doucette 
et al., 2013, p. 410). Consequently, the application of pilot projects and case studies have 
been suggested for this purpose as they enhance students’ interactions with actual problems 
(Bimpitsos & Petridou, 2012; Hugill & Smith, 2013). The pilot transdisciplinary teach-
ing models can systematically support and develop the required competencies for transdis-
ciplinary learning, such as “building knowledge and understanding of the environment”, 
“building connection and empathy with living things”, and “developing deeper understand-
ing” as equally suggested in Bloom’s taxonomy for the levels of learning as “remember 
& understand”, “apply & analyse”, and “evaluate & create” (Wallace, 2019, p. 313). In 
addition, conceptual and pilot learning models can generate a common language for the 
operationalisation and paradigm shift management of transdisciplinary education (Danish 
et al., 2019; Wallace, 2019). Since paradigm shift management requires an “Agile” prob-
lem-solving environment (Reme et al., 2015), the application of maturity models for trans-
disciplinary education can also address this need (Wagner et al., 2014).

Following the sustainable development goals, the relationship between quality edu-
cation and sustainability can be reinforced by the transdisciplinary paradigm (Cervantes 
et  al., 2018). Therefore, transdisciplinary education can provide a worthwhile contribu-
tion to the social movement towards sustainability (McClam & Flores-Scott, 2012). For 
example, entrepreneurship education as a transdisciplinary change agent can question the 
siloed norms of universities and generate innovative solutions for further economic and 
social sustainability, which requires education systems that develop innovative and intel-
lectual mindsets (Nandan & Scott, 2013). Consequently, the transdisciplinary educational 
attitude needs to be ecologically literate and environmentally aware, and this can occur via 
a focusing on the cooperative spirit of education and cognitive openness to shift the sys-
tematic thinking towards practice and address the complexity of transdisciplinary educa-
tion through an ongoing process of re-learning (Vargas-Madrazo, 2018). These transversal 
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competencies, such as cooperation, creativity, and entrepreneurship skills, cross the bound-
ary of different disciplines and are necessary for the future development process of the 
transdisciplinary curriculum (Eronen et al., 2019). Meanwhile, to inject the sense of crea-
tivity and innovation, the art discipline needs to be integrated with the other curricula, such 
as science, technology, and engineering, which can significantly contribute to the realiza-
tion of transdisciplinary education (Biberhofer & Rammel, 2017). Hence, this incorpora-
tion with art can offer a new educational paradigm and raise awareness about sustainable 
development’s social and environmental facets (Guyotte et al., 2014).

Consequently, the synthesis in this stage (Table 5) has identified the key scopes as peda-
gogy design and planning, socio-efficiency, philosophical, medical, doctoral studies, and 
adolescent. Meanwhile, the alteration of contributions to the interdisciplinary or transdis-
ciplinary-based journals is relatively visible, and this is derived from the nature of sustain-
able development. Contrary to the previous section, the contribution of the medical and 
adolescent domains have decreased; instead, pedagogical design and socio-efficiency have 
received increasing attention as essential pillars of sustainable development.

3.3 � Pragmatic Transdisciplinary Teaching Approaches: Implications for Future 
Practice

As mentioned in the method section of this paper, triangulation is a crucial step for the 
implementation of transdisciplinary research and education. However, the synthesis in 
the previous section has shown the scattered and non-transparent efforts and instructions 
regarding transdisciplinary education, e.g., the “zone of absolute transparency” (Vargas-
Madrazo, 2018, p. 19), or “certain practices in academic contexts were not transparent 
or easily accessible” (Sánchez-Martín & Seloni, 2019, p. 31). For instance, among the 
selected articles, only one paper implicitly contributes to teaching through triangulation 
methods, as “mix and phase forms of disciplinary training and exposure…quadrangula-
tion” (Kemp & Nurius, 2015, p. 138). Meanwhile, a few other studies have mentioned the 
importance of triangulation from the “research” methodology point of view. Thus, due to 
a lack of qualified contributions, we fulfilled a supplementary search string by “triangula-
tion” and “teaching” terms to base this crucial section. Two main categories of contribu-
tions are recognisable here: similarly, the majority of extracted papers (nine) have shown 
the application of triangulation as a research method in the assessment of teaching sce-
narios; however, only four articles have implemented triangulation as a “teaching” method, 
as follows.

The case study of Rennie et al. (2011) has implemented a theoretical triangulation prac-
tice in the classroom. The theoretical triangulation has been highlighted as a more rigor-
ous way towards an integrated teaching style. The authors have considered this method 
as a lever to balance between the traditional disciplinary curriculum and the integrated 
approach. The study explained that the application of different theoretical perspectives can 
affect learning outcomes and “enables students’ knowledge to be represented as grounded 
in their experiences, relationships, and contexts, and drawing from, but not bounded by the 
constraints of, the traditional disciplines” (Rennie et al., 2011, p. 144). Thus, the study has 
applied three different lenses: first, as an “integrated perspective” by following the theory 
of “knowing-how-to-do” or “deep understating”, as it is contrary with the disciplinary-
based learning; second, a traditional “discipline-based perspective” by incorporation of 
constructivism theory; third, a “sources-of-knowledge” lens by valuing the external sources 
of the knowledge, such as stakeholders, to replicate a pragmatism scenario (pp. 148–152). 
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Meanwhile, further investigations by application of other theoretical frameworks have been 
recommended.

A similar study by Van Drie and Dekker (2013) has used three theoretical perspectives 
to demonstrate and comprehend the complexity of interactions in the classroom. The study 
argued that triangulation can facilitate the interactions of the teacher, the student, and the 
teaching subjects and also seeks the relationship between the quality of lessons and appli-
cations of theoretical triangulation by the teacher. Therefore, their study has used three the-
oretical lenses in the classroom as improving the interactive discourse by the teacher taking 
the constructivism approach of asking thought-provoking questions, facilitating and inter-
preting the questions, collaborating, and appreciating the contributors’ efforts; conceptual 
development through the cognitivism and critical realism approaches; and collaborative 
reasoning through argumentations, and application of meta-concepts (e.g., facts, causes, 
and consequences). Likewise, Schul (2015) has demonstrated the application of pedagogy 
triangulation. This case has integrated three different approaches to making the teaching 
subject (history) more interesting for the students. The author, by using the term of tradi-
tion, has shown the application of three different theories as inquiry-based, reflectivity, and 
traditional lecturing, and the author has noted the related weaknesses and strengths of each 
one. Meanwhile, Gran et al. (2010) have noted the impact of triangulation in the assess-
ment and feedback tasks of teachers in the medical discipline.

4 � Discussion and Future Research Avenues

The above scoping review revealed that the previous experiences and practices carried 
out in transdisciplinary teaching are relatively varied and dispersed. Moreover, there is no 
transparency about how case studies and pilot projects have been designed and fulfilled. 
Generally, in the circumstances that the lack of transparency is a barrier in the development 
of methodological processes (e.g., abductive design), the application of a common report-
ing guideline is suggested, for example, by describing the sequence, justifications for the 
choice of approach, and limitations (O’Cathain et al., 2008).

Table 5   Summary of the findings of the sustainable transdisciplinary teaching and education scopes

Scope A concise definition of the scope (includes but not limited to) Number 
of find-
ings

Pedagogy design and planning (as mentioned in Table 3) 12
Socio-efficiency (as mentioned in Table 3) 4
Philosophy Models of knowledge; Complexity; Environmental awareness; 

Long-life education; Epistemological awareness; Collabora-
tion

4

Medical (as mentioned in Table 3) 3
Doctoral studies Doctoral education; Practice-based doctorate; Curriculum 

design
3

Adolescent (as mentioned in Table 3) 3
Others (art, energy, language) - 4
Total 33
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Likewise, as discussed in the previous section, a lack of attention to the triangulated 
pedagogy was observed. However, awareness about the application of triangulation as 
a “research” method for assessment in the teaching context is more recognisable (e.g., 
Drouin et  al., 2015; Durif‐Bruckert et  al., 2015). The application of triangulation as 
a “research” method is outside of the scope of this study; nevertheless, the following 
studies have applied triangulation as a research method. Clark and Jasaw (2014) have 
implemented data and method triangulation to check the reliability of assessment in 
education by including students, staff, and stakeholders. Likewise, Schaap et al. (2011) 
have utilised a multi-method triangulation, such as concept maps, interviews, and 
reflection practices, to evaluate students’ competency development in vocational edu-
cation. Similarly, Varpio et  al. (2017) conceptually elaborate different types or steps 
of triangulations, such as data, investigator, method, lens, and philosophical; however, 
their study is non-empirical and theory driven. Similarly, the works of Fotheringham, 
2010, Ling et al., 2018, Park et al., 2016, and Scheffer et al., 2011 can be categorised 
in the same way.

Furthermore, systematic and design thinking have been implemented as a pillar 
in many of the conducted cases. Accordingly, applying maturity models as a change 
medium can tackle the complexity of transdisciplinary education (Enkel et al., 2020; 
Kekes & Mylonakou, 2006). Similarly, one of the key areas of discussions in transdis-
ciplinary education studies is mainly related to the co-creation and collaborative value 
creation with stakeholders in an innovative environment. Despite the booming trends 
in innovation studies that have addressed educational-related issues, the contribution 
of open innovation as a megatrend in innovation studies to transdisciplinary teaching 
has not been appropriately studied (Lucia et al., 2012). Open innovation as a govern-
ance mechanism can encourage and leverage the interactions of the internal and exter-
nal collaborations and can create further synergy between an educational organisation 
and its stakeholders (West et al., 2014). Likewise, by offering the strategic element of 
change management, the business model of open innovation can provide agility for the 
paradigm shift management in transdisciplinary education (Chesbrough, 2006). The 
maturity levels of open innovation (e.g., Chesbrough, 2006) merge the process of inno-
vation with stakeholders while also matching the corresponding triangulating steps 
(Bechara & Van de Ven, 2011) and can be defined as follows:

(1)	 Differentiated (the lowest level), e.g., some scattered innovations are fulfilled in a 
teaching institute by ad hoc activities; versus Data triangulation.

(2)	 Segmented, e.g., the innovation process is planned by a leader for a long-term horizon; 
versus Investigator triangulation.

(3)	 Externally aware, e.g., the role of stakeholders is recognised with awareness about the 
external innovations; versus Methodological triangulation.

(4)	 Integrated, e.g., internal and external innovations are integrated into the educational 
roadmap and aligned with stakeholders; versus Theoretical triangulation.

(5)	 Platform player (the highest level), e.g., the teaching scenario and stakeholders are 
interconnected, and as innovation is the main criterion, all academic units will support 
this strategy; versus Philosophical triangulation.

Figure 2 presents a maturity model consisting of pillars of open innovation and tri-
angulation maturity as well as steps of systematic leverage points.
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5 � Conclusion

The present study aims to weave a network of the varied practices and contributions to 
transdisciplinary teaching and education that have been fulfilled until now. The domi-
nated model in academia does not encourage the transdisciplinary approach. Therefore, 
the current educational system can be illustrated as a one-way funnel that every student 
should go through to reach a specific level of professionalism, which is considered a 
barrier to the development of transdisciplinary education.

Real-life problems contain abundant ambiguities and uncertainties, necessitating a 
learning and education process that connects different disciplines such as art, science, 
technology, and engineering to yield problem-based and creative learning approaches. 
However, the lack of solid guidance in the extant academic literature for implement-
ing pilot transdisciplinary experimenting is notable. Nonetheless, teachers can play an 
essential role in this process, and the unique opportunity of transdisciplinary education 
can be initially enhanced by reshaping teachers’ interpretations of pedagogy, or “how 
teachers learn to teach”, considering the incorporation of science and society, explic-
itly (Johnson, 2019, p. 172). In a transdisciplinary team, members are not considered 
as “jack(s) of all trades”, but rather should be able to “draw on the expertise of others” 
(Cumming & Wong, 2012, p. 133).

Despite the rigour of the transdisciplinary approach, still, it would be the decision 
of the educational institutes to choose a strategy that suits their contexts and benefits 
best; by questioning the degree of integration and collaboration through these: what 
are the nature of the problems that are going to be solved and what kind of solutions 
or outcomes are expected, and the corresponding methods and available resources. 

Fig. 2   Transdisciplinary teaching 
maturity: consists of two pillars 
of open innovation and triangula-
tion and steps of leverage points 
in the systematic and design 
thinking
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Accordingly, fruitful transdisciplinary learning should be in interaction with the society 
and stakeholders and involves the research in the societal background, encouraging the 
integration process to shift the disciplinary paradigm.

Nonetheless, one of the limitations in this paper is due to the definitions of the previ-
ous works regarding the transdisciplinary and interdisciplinary terms. As discussed in 
the Introduction section, some previous studies have interchangeably used the interdis-
ciplinary and transdisciplinary terms, though there is a clear difference between these 
two. Furthermore, the maturity model that we have presented in this study is considered 
as a prototype and an informal scaling, so further empirical testing is required. Accord-
ingly, full systematic reviews on different dimensions of the transdisciplinary education 
scopes are suggested for future research.
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