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n this documentary investigation, we review literature about the transdisciplinary (TD) perspective

to generate knowledge, locating its origin, evolution and characteristic features. It is found that: i)

This origin is located in France and the United States, although some characteristic features related to
self-knowledge, participatory research and the unity of knowledge, were proposed before the creation of
this TD term introduced in 1970. i) The concept of transdisciplinarity has evolved over time involving a
transition of vision towards the application of perspective to investigate. Switzerland was the first country
to apply the transdisciplinarity in research in the 1990s. iii) The key world events that gave impetus to
the transdisciplinarity are the world (1994) and Zurich (2000) congresses, as well as the special edition
entitled “the foundation of Academy of Transdisciplinary Learning of Advanced Studies (ATLAS)” of
the Journal ”Futures” (2004) and the Transdisciplinarity Journal of Engineering & Science (TJES) in
2010. iv) the main features of transdisciplinary research are: a) research for society and with society, i.e.
participatory research, b) scientific research under systemic thinking, ¢) communication of results to the
scientific community and disseminated to non-scientific population. v). The number of transdisciplinary
research publications have increased over time, along with the quantity of authors per publication and
citations thereof. Some contributions from the 90s were the most impactful due to the number of cites today.
The transdisciplinary approach could be the best pathway to develop research in Latin American countries
and the world, for solving the diverse problems of society.

Keywords: Research process, Transdisciplinarity, definitions, characteristics.
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1 Introduction

Relevant problems of our era, such as food and water security, health (obesity, cancer, malnutrition, mental
illness as depression etc.), poverty and hunger, inequality, climate change, natural resources, environment,
disaster risks, epidemics, pandemics, etc. (Herndndez et al., 2010, 2016; Thompson et al., 2017; Herndndez
and Dominguez, 2020) [1-4], cataloged as complex problems, require a change of perspective to generate
knowledge and develop research processes. Since these problems cannot be solved from a discipline and
likewise without interacting with the empirical and/or problem actors, and without getting involved with
the decision makers. A worldwide proposal in the scientific community that has evolved and has been
accepted by different research groups is to carry out the research process, under a transdisciplinary vision.
One of the characteristics for the generation of knowledge in the mode “two”, published in 1994 by Gibbons
et al. [5]; establishing a contract between Science and Society, proposing “socially robust” knowledge
(Gibbons, 1999) [6]. This research mode is characterized by its orientation towards contextualized problems
and results (Gibbons et al., 1997) [7], being a thoughtful and conscious way to rethink science; on the part
of the investigators and the leaders of the investigation of the countries.

Rethinking science and its role in society has been repeatedly proposed, to take on the problems of
humanity. Einstein, among other scientists, at the end of the Second World War, with the launch of atomic
bombs (a result of the Manhattan project), rethought the role of scientists in society [8, 9]. In this sense,
Einstein (1946) [10] establishes a campaign to renew the way of thinking after of the disaster of the War:
“The world that we have created today as a result of our thinking has problems; which cannot be solved by
thinking in the same way what we thought when we created them”.

In this way, the Atomic Scientists Emergency Committee (generally called the Einstein Committee) is
formed: Albert Einstein (1879-1955), Harold Urey (1893-1981), Linus Pauling (1901-1994), among others
participated in the committee [11]. It is an organization that has within its objectives to educate the
American people about the nature of nuclear weapons and nuclear war. The educational campaign in
society was carried out for five years. In this way for a long period of time, “Peace was an important
agenda for many scientists”. “Einstein before his death in 1955; signs the Russell-Einstein Manifesto, a call
by scientists (including Linus Pauling) for world peace and the abolition of war [12, 13]”. At the death
of Einstein, Ludwig Philipp Albert Schweitzer (1875-1965), continued this call against arms and nuclear
tests by giving lectures on it. He said: “Man has lost his ability to foresee and anticipate, he will end up
destroying the earth”. However, atomic experiments were resumed in 1962, again insisting in the scientific
community a call to the conscience of men of good will that there was no justification for maintaining
radioactive contamination on Earth [14,15]. Among others, Schweitzer, Bertrand Russel, Martin Nieméller,
Robert Jung, prominent scientists and humanists, write the manifesto entitled “Atomic experiments do not
contribute to peace” [16].

At this time in the post-war science another problem arises due to the use of DDT first synthesized
by Othmar Zeidler (1850-1911) [Gamboa, 2014] [17,18] and patented in 1939 by Paul Hermann Miiller
(1899-1965), who was even awarded the Nobel Prize latter in 1948 (Escobar, 2008; Extremera, 2018) [19,
20]. At the beginning of the discovery and its application in World War II to protect the military troops in
the Philippines, Japan and Italy from attack by insects [17], it achieved great global impact. In 1944, in
Naples it was possible to control a typhus epidemic caused by pediculosis, also in 1945 in Japan. Moreover,
also, by the DDT, it was possible to end with lice transmitting typhoid fever and it was also used to control
malaria, yellow fever, etc. (Raju, 1999) [21]. Many years it was commercialized and enjoyed its benefits,
mainly for productivity in agriculture and to foresee diseases such as malaria [Torres and Ldépez, 2007]
[22]. However, in the 1960s, Rachel Carson (1907-1964) observed a phenomenon what others did not see
to date, since DDT had a negative impact on the environment. What had been considered a safe and
effective low-toxic pesticide had an unwanted side effect: “it killed birds” (Carson, 1962) [23]. The modern
environmental movement begins with her, in fact, she considers herself the mother of this movement. DDT
has a great environmental impact also on people, even studies by Cohn et al (2007) [24] have confirmed in
recent years the relationship between DDT and different types of cancer, such as breast cancer, from which
Carson died in 1964 (Seager, 2003) [25].
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Other scientists in this postwar era addressed societal problems, such as cancer disease. Otto Heinrich
Warburg (1883-1970) discovered the cause and prevention of this disease, attributing its existence to
acid and without oxygenation environments (Warburg, 1969; Leandro, 2019) [26, 27]. Joahnna Budwig
(1908-2003) studies the positive effects of omega 3 fatty acids, finding that they could limit cancer, not
just dementia and depression (Budwig, 1992;1996) [28, 29]. Linus Pauling linked prevention of the cancer
and heavy doses of vitamin C; he was convinced that the correct administration of vitamin C in the
population would decrease the incidence of diseases of any etiology by at least 50%, since its deficiency is
the one that causes greater pathologies on the human organism (Pauling, 1971) [30]. Other scientists have
investigated more about cancer, such as Max Gerson (1881 - 1959), who proposed the cure of cancer could
be through nutrition and detoxification (Gerson, 1958; 1978) [31, 32], and Catherine Kousmine (1904-1992)
who affirmed that after the second world war food changed from being agro-livestock to industrial; with
the respective great degenerative consequences of civilization, among others cancer (Kousmine, 1959)
[33]. Although it is true in her time the proposals were not materialized, over time information has been
generated where most of them have been demonstrated; being clear the vision and observation of geniuses
of that post-war era, as well as their interest in studying the problems of humanity, in this case in various
diseases.

On the other hand, to mention some other scientists of the time, there are the cases of those who
dedicated themselves to proposing solutions to the food problem: production and nutrition. Norman Ernest
Borlaug (1914-2009), known as “the man who saved a billion lives”, proposed the use of hybrid seeds
to increase agricultural production in poor countries and he succeeded among others in Mexico, India,
Pakistan, Turkey, and Africa [34, 35]. This led to self-sufficiency in wheat production in Mexico in 1956.
Another scientist sought a peace centered on the idea of “freeing himself from need”: pointing out the
importance of the population having their food, this being the priority need. John Boyd Orr (1880-1971)
emphasized the importance of children’s growing nutrition and health [36, 37]. Before and now it is still a
problem for many of the countries, the quantity and quality of foods [38] that in excess produce diverse
diseases such as obesity and diabetes, or in deficiency produce malnutrition or anemia, among other diseases.
These are the problem problems of our times, marking the need for research that contemplates educating
society and adapts to its contextual characteristics. A solution for the world problems, many times cannot
be generalized, so it must be adapted to the context of the application. These and other problems, such as
climate change that was mentioned in the 1960s and is associated with human activities in 1970 [39, 40], are
evidence of the need to investigate closer to society. All these disciplines reported added to an incredible
increase in disciplines and sub-disciplines educative/scientific in the year 1250, there were 7, in 1950 there
were 54 disciplines. But for 1975 - Higher education statistics Agency of UK-registry 1845 disciplines and
10 years ago (2010) the National Science Foundation archives of the USA pointed out the existence of more
than 8000 scientific disciplines and sub-disciplines [41]. It causes an increasingly fragmentation of science,
which in turn also leads to a greater need to complement knowledge of some disciplines with others, to
propose solutions to contextualized problems, since in isolation it is impossible. The scientific community
faces the need to propose systemic solution proposals for sustainable development to the world’s problems,
i.e. a type of development that meets the needs of the present without compromising the ability of future
generations to meet their own needs (Komiyama and Takeuchi, 2006) [42]. So, today’s researchers cannot
stay permanently in laboratories or cubicles: it is necessary to study the problems of the world, leave
laboratories, get closer to society, know the problems and after, return to their workplace. It is necessary
to know the problems and propose solutions. For his part, Karl R. Popper (1902-1994), the philosopher of
science, was convinced that “We do not study issues, but problems; and problems can cross the boundaries
of any object of study or discipline. We are students of problems, not disciplines” [43, 44]. The problems
are studied, the origin, their causes, the problems are looked for and the solutions are proposed, the way
to know them better, is get closer to them. This implies the paradigm shift of doing science in decision
makers of institutes, research centers, governments, and current and future researchers themselves.

In this sense, Funtowicz and Jerry Ravetz (1991) [45] pointed out the need for a science in the context
of complexity, a new scientific methodology to tackle global environmental problems. Where the task is
from an extended community, not individual experts. Turning the scientific system into inputs for new
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ways of deciding politics and governance (Funtowicz and Ravetz, 1996) [46]. Then, the science would
be support to decision making where the uncertainties of the systems and the risks of the decisions are
considered. This implies a change in the scientific paradigm; for which today it is even more understood in
the face of the challenging and complex problems of our times by having a globalized world.

In this way, despite the increasing awareness of how favorable a Transdisciplinary approach can be, as
stated by Gaihre et al., 2019) [47] and demonstrated by the increase in studies reported in the scientific
literature introducing this perspective in the research process [48]. It is still necessary to learn from this
vision and train new researchers fulfilling the characteristic features of this perspective. And not only to
researchers in training, research institutions and governments, society, civil, etc.

Thus, the objective of the present document is to share a literature review about, the evolution of
term and characteristic features of transdisciplinarity; as it could be the way to investigate in the near
future in Latin American countries or between countries of different regions of the world; with societies
characterized by their respective contexts: social, economic, educational, health, age, physical, climatic
variables, ecological, geographic location, cultural, political, etc.

2 Pre-Transdisciplinarity

The term transdisciplinarity, for some authors, was introduced in 1970 [49-53], although the notion of the
term was found earlier according to Ramadier (2004) [50]. The various benefits that science could have
towards society, was glimpsed by various scientists such as Bacon, Bernard, Einstein and Bohr among many
others. Einstein already expressed concern that man would evolve towards different holistic levels and
feel compassion for others and the other (beings and nature). Bacon defended the collaboration between
scientists for the progress of science and its orientation in a good to society, according cited by Hadorn et
al. (2008) [54]. Bohr, dedicated part of his life to convince to his colleagues of the need to use the findings
of nuclear physics for useful and beneficial purposes to man; the latter scientist was recognized as the one
who had the notion of transdisciplinarity before the term Ramadier appeared (2004) [50].

One of the main characteristics of transdisciplinarity is to investigate for and with the communities, but
this vision is found before the appearance of the term. Kurt Lewin (1890-1947), the father of action-research
(A-R), since he started this type of investigation in 1944, although some authors indicate that it began
10 years before (Lewin, 1944;1946; Miguélez et al., 2000) [55-57]. Regarding this research mode, close to
the community, two aspects were identified: the sociological dimension, represented by Lewin and the
educational dimension by Paulo Freire (1921-1997), where the problematic actors became participants
and co-responsible in solving their own problems. Sol Tax (1907-1995) was another promoter of this type
of action research (Rahman and Borda, 1992) [58]. In this sense, research for society and with society
(Scholz, 2000a; 2020) [59-60], is practiced since before the introduction of the term. The problems to be
tackled were born from the community that lives them. Likewise, the researchers had to propose dialogue
strategies with the community, where changes in society and academia are required.

The changes in people, their transformation, which is another characteristic of transdisciplinarity,
has also been proposed for many years, before Christ and after Christ. In the 19th century, various
thinkers, mystics, spirituals, alchemists proposed walking towards the self-observation, the reflection, the
internalization of man, self-inquiry, self-knowledge, etc. [61-64]; in general, to lead to the knowledge of man
for the evolution and their transformation. It is worth mentioning the famous aphorism of the Greek sages
in the time before Christ: “Know thyself”. Marco Aurelio (121-180 AD), stoic philosopher [65]: he reflected
on the matter of “Looking within oneself”. Since inside is the source of good, and it will come back, if
you keep digging. In addition, for expanding the mind, he stressed the importance of systematically and
really investigating everything that is observable in life. Polymaths like Leonardo Da Vinci (1452-1519) -
(Scientist, painter, mechanical engineer, sculptor, thinker, city planner, storyteller, musician, architect) [66]
claimed to transform oneself to transform, obstinate rigor. Some spoke of transformation towards virtue, e.g.
Newton (1642-1727) recognized the virtue of having patience more than other talent for the development
of his discoveries. In the case of Benjamin Franklin (1706-1790), visualized cultivate virtues, proposing the
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development of thirteen virtues, among which are: silence, order, determination, temperance, tranquility,
humility, etc. Goethe pointed-out that science involves capacities of observation and thought, but also
human faculties that can resonate with the spiritual dimension (Max-Neef, 2016) [67]. The empathy that
must exist in research is highlighted by Claude Bernard who rejects research without feeling; as well as
proposing that study the phenomena of life in the context in which they develop (De Romo, 2007) [68]. In
this sense, from before the origin of the term there was already talked about contextualizing the research,
i.e., having a problem or a need focused on space and place and putting it in relation to its environment
and at different holistic levels and different dimensions and behavior over time; visualizing the problem in
its multivariable dimension. On the one hand and on the other the importance of knowing the himself and
the researcher’s need to develop virtues.

Many other characteristics have been reflected on and sought throughout the history of the production
of knowledge, e.g. the unity of science. It is worth mentioning a world-famous phrase from Plato (427-347
b.c), in the Phaedrus dialogue (cited in Miguélez, 2011) [69]: “If I find someone capable of seeing things in
their multiplicity and, at the same time, in their unity, that is the man I look for as a god’. The unity that
implies reconciling and yielding, which then implies humility and many times accepting one’s ignorance in
certain knowledge, is a process to live, to learn to integrate as an act to unite and link parts that form a
whole, one of the bases of transdisciplinarity.

This is clearly reflected in the Systems General Theory (SGT), in the 50’s years, which since its creation
promotes the integration of disciplines (Bertalanffy, 1986) [70]. With the creation of the “Society for
Systems General Theory” (Bertalanffy, 1954; see Cuadrado, 1995) [71], a research program is established,
which within its principles was ”to promote the unity of science by improving communication between
specialists”. It is one of the challenges of transdisciplinarity today. Where the language that is used is
relevant, such as behaving with the other, with a different culture, a different country, a different level of
knowledge, different interests, etc. So, a change in attitude of the scientist (now more commonly called
researcher) was established. Schrodinger (1887-1961) [72] stressed that the scientific attitude must be
rebuilt; science must be redone again.

In the 1960s, at the beginning, the United Nations for Development reflected on the development
process, stating “development not only refers to the material needs of man but to the improvement of
social living conditions and to his noblest aspirations. Development is not only economic growth; it is
growth added to evolution” (ONU, 1960) [73]. A possible evolution of the man who was, is and will be
necessary for his own survival.

3 Origin and 1** Stage of Development

For Miller (2008) [74], the origin of transdisciplinarity goes back to the 50s, after the 2nd. World War at
the same time as the SGT. Others like Grof§ y Stauffacher (2014) [75] indicated the beginnings of the TD
debate in 1969, when the UNESCO meeting was held in Genova, Italy. The vast majority of authors point,
in general, to 1970 as the year in which the term is introduced in France (Ramadier, 2004; McGregor, 2007;
Jahn, 2008; Cronin, 2008; Basarab, 2010;2014; Sholz and Steiner, 2015a) [50,51, 76-80] and there is talk
about it in the United States (Bernstein, 2015) [52]. Coinciding precisely with the international year of
education (Maheu, 1970) [81]. On the one hand, in Nice, France is recognized to Jean Piaget (1896-1980)
as who introduced the term during the Conference titled ”interdisciplinarity, problems of teaching and
education in universities” (Jahn, 2012) [82].

André Lichnerowicz (1915-1998) and Jantsch (1929-1980), French mathematician and Austrian astro-
physicist, respectively; related the term with the logic and set theory and education and planning issues.
Jantsch defines it as the synthesis of disciplines, overcoming the multidisciplinarity and interdisciplinarity
(Miller, 2008; Nicolescu, 2010) [74, 78]. Jantsch (1970) [83] visualized social need as the creative force to
direct, shape and organize education and research. He suggested a transdisciplinary university including
systems design laboratories powered by disciplines, and departments oriented to build capacity for self-
renewal of societies (Jantsch, 1970; 1972; Sholz and Steiner, 2015b; Osborne, 2015) [83-86]. In this way
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initially, some associate the term of transdisciplinarity with the application of SGT in the educational
policy (Osborne, 2015) [86].

On the other hand, in the same year of 1970, as reported by Bernstein (2015) [52], in the United States,
Jack Lee Mahan (1970) discuss about TD, incorporating ethical and humanistic considerations in this
transdisciplinary approach to research. Highlighting the “reverence for life, man and the human condition”.
He proposes transdisciplinary research would be characterized among other aspects by a) the transcendence
of disciplinary limits, b) attention to the context of the research, ¢) respect to the life and dignity of the
human being, and d) applying knowledge to the improvement of society. In this sense, the origin of the
term transdisciplinarity is found in Europe and America. It is worth mentioning that at the same time of
the 70s, when the processes of environmental deterioration and degradation of the Earth become evident,
Gaylord Nelson, (1970) [87], calls for awareness to protect the Earth and the life that the habitat, a message
that transcended the ONU worldwide, an organization that, in 1971, decrees World Earth Day and begins
a series of actions in this same consciousness.

At the end of the 70s, Kockelmans (1979a;1979b) [88, 89], distinguished the transdisciplinary approach
as the unit of science. The author proposes to be continually ”provoked” through reflection, where it is
required to do the task for everyone, not only for disciplinary philosophers, in a critical attitude. A critical
attitude that implies participation, this is various actions on everyone’s part. It is necessary to integrate
in the research process scientists representing various disciplines, as well as other representatives outside
the scientific field, the users or actors of the problem. Transdisciplinarity could then be a scientific and
non-scientific work, with the intention of overcoming the negative effects of specialization. In education
and research, it would be a matter of both being relevant to society.

Mittelstrass (2011) [90], self-recognizes who introduced the concept into philosophy in 1987; same year
in which the CIRET (International Center for Transdisciplinary Studies) opens in Paris, France. Already
previously in 1973 another Center for trans-disciplinary studies had been opened, the first of its kind,
directed among others by Edgar Morin (Ramadier, 2004) [50].

4 Transdisciplinarity in the Decade of the 90s

Despite the date on which the term TD is introduced, and it reflects on the need for another way to
investigate to participate in the world’s problems. It is in the 90s; after the environmental crisis started in
the 70s and later aggravated in the 80s added to other world crises. Almost 25 years after those initial
ideas of TD (Scholz and Steiner, 2015b) [85], when the approach to research is resumed and it could be
considered it begins to take impulse; it could be said that a first evolution of the term begins to take place
to produce knowledge and mainly it is moved towards its application.

In 1991, the Swiss Environmental Priority Program began, and projects were asked to go under
transdisciplinary research (Scholz, 2020) [60]. In 1992, Mittelstraf [91], asked the scientific community to
reconnect research with real-world problems, transcending disciplinary limits (Hoffmann et al., 2017) [92].
It is even necessary to reconnect different disciplines, different knowledge (scientific and empirical), etc.
Even within the same discipline, within the same institute, ”stop rowing” each one on their own. Focus
everyone in the same direction to get ahead, in the face of problems that sometimes they are even survival.
Paraphrasing Brewer (1999) [52-93], “The world has problems, but universities have departments” (Cronin,
2008; Pohl, 2011) [77, 94]. Department sometimes without orientation, each walking in unknown directions,
even the researchers that make up each department. For this reason, is primordial the oriented research.
Where the institutes have the country’s problems, in common agreement with the governments; so each
one is assigned complementary tasks according to their specialties, but integrating and complementing
each other, to this way redirect the course of the investigation. This process is based on current and future
anticipated needs in the real world. According to the literature review and the context of the time, it was
apparently the great impetus given to this vision with the contribution published in 1994 by Gibbons
et al. [5], whose contribution allowed them to rethink how to do science. It should be noted that it is
the document from the introduction of the term of transdisciplinarity to date (within which they provide
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definitions and characteristics), with the highest number of citations (according to Google academic, more
than 10,000). Along with the contributions of Gibbons et al. (1994; 1997) [5,7] an important event is
also highlighted, the World Congress of transdisciplinarity celebrated in a region of Portugal: Arrabida.
According to McGregor (2015a) [95], in this event there were diverse assistants such as the president
of the country, civil society, representatives of industry, government and academics; among which were
Freitas, René Berger, Ubiratan D’ambrosio, Roberto Juarroz, Edgar Morin and Nicolescu Basarab, etc.
who collaborated in the writing of the transdisciplinarity charter that was one of the results of this meeting
(Anes et al., 1994) [96].

Basarab Nicolescu defines transdisciplinarity as a generalized transgression that opens a space for
freedom, knowledge and love (Basarab, 1996) [97]. On the other hand, Julie Klein (1996) [98] defines
transdisciplinarity as the perfect interdiscipline. In this decade begins to be mentioned, the need for a
language and attitude of transdisciplinary [99]. The latter term being introduced by Roberto Juarroz,
recognized by Basarab (Ramadier, 2004) [50].

The TD language allows a researcher to communicate with another of his own discipline, with another
of a different discipline and with the problem actor, where a reflective thought of the investigator-subject is
relevant. Subsequently, Gibbons (1997;1999) [6,7] in the second quinquennium of the 90s, continues to
publish about Mode 2 to produce knowledge, where his article of 1999 stands out, at the journal “Nature”,
where it is incorporated the term “socially robust knowledge”. He also proposes the need for science to
establish a contract with society. Meanwhile, Basarab (1997) [100], proposes self-transformation, based on
self-knowledge, for a new way of living. In this same year, was celebrated the International Congress in
Locarno, Switzerland entitled: “The transdisciplinary evolution in the University”, same that was organized
by CIRET and UNESCO deriving from that event, Locarno’s statement. An aspects established was the
emergence of a new tolerance to achieve the exchange of knowledge. A new tolerance that allows the
acceptance of differences, the acceptance of ignorance, the acceptance of the new and unknown, etc. The
investigator would have to learn to deal tactfully to other disciplinary and non-disciplinary. Paraphrasing
Newton: (1643-1727). “the tact is the ability to get to a point without making an enemy”

The following decade, from the year 2000, is marked by another trascendental event: The Transdis-
ciplinarity Conference held in Zurich, where that conference could be considered another relevant event
related to the evolution of the TD perspective.

5 Transdisciplinarity from 2000

Transdisciplinarity, at a conference held in Zurich was defined as: a manner of learning and solving problems
with the cooperation of society and academy to face the challenges of the societies. According to Klein et al.
(2001a) [49], some participants who stand out in this event are Michael Gibbons, Helga Nowotny, Rudolf
Hiiberli, Charles Kleiber, Rita Colwell, Thomas von Waldkirch, Roland Sholz, David Marks, Perrig-Chiello,
Richard Ernst, Thomas Jahn, Christian Pohl and Julie Klein; the latter being the one who led the edition
of the Event Report, entitled: “Transdisciplinarity: Joint solution of problems between science, technology
and society. An effective way to manage complexity”.

It should be noted that there were more than 220 contributions from various participants from different
parts of the world such as India, Denmark, Nigeria, Holland, Spain, Indonesia, Germany, Russia, Italy,
Austria, United States, Portugal, United Kingdom, Sweden, Belgium, Brazil, Ukraine, France, Bulgaria,
Greece, Croatia, Ethiopia, Japan, China, Colombia, Slovenia, Israel and Switzerland, among others. In this
way, the transdisciplinarity perspective in research is increased. At the initiative of the Swiss academies of
arts and sciences, the “Network for transdisciplinary research (td-net)” was opened at congress of Zurich
(Td-net, 2020) [101].

In the year 2000 the Academy of Transdisciplinary Learning & Advanced Studies (ATLAS) was created
by Dr. Atila Ertas, to serve universities around the world. Dr. Atila Ertas, Dr. George Kozmetsky and
Dr. Raymond T. Yeh were the co-founders of ATLAS (ATLAS, 2020) [102]. Association affiliated to the
Transdisciplinarity Journal of Engineering & Science (TJES), which is dedicated to Professor John Nelson
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Warfield (father of systems science) by his transdisciplinary knowledge and culture of peace. It should be
noted that the first article written by Julie Klein (2010) [103] in the (TJES) [104] is dedicated to Professor
John Nelson Warfield memory. The journal’s edition has represented another boost in the growing adoption
of perspective to investigate in the world’s universities. It started with 10 articles published and last year
it reached double (20 articles), having a multiplier effect through its more than 350 cite and 122 articles to
the current date. Researchers from various countries have published in this journal.

Contributions by Christian Pohl (2010) [105] and Lawrence (2010) [106], have been the most cited in
the TJES with 81 and 76 citations, respectively. Pohl, among other aspects, reaffirms the characteristics
and challenges of transdisciplinarity and Lawrence revises the ambiguity of the term, synthesizing some
characteristics which some authors have given. Furthermore, publications by Dr. Basarab Nicolescu, author
of the Transdisciplinary methodology, stand out (2010; 2011;2012;2016) [78, 107-109].

Basarab (2010) [78] defends within the etymological meaning of transdisciplinarity the “beyond the
disciplines”, where the social field introduces that dimension, but the individual human being and his
spiritual dimension should not be left aside. As well as, the scientific spirit, which is the center of TD; the
transdisciplinary methodology and the scientific method complement each other.

In the interview with Basarab (2011) [107] by Professor Augusta Thereza de Alvarenga (University of
Sao Paulo, Brazil), Basarab highlighted the importance of the various international conferences: previous
(Conference of Venice “Science and the Boundaries of Knowledge”, in 1986; Congress “Science and tradition:
Transdisiplinary Prospects for the 21st Century”, Paris, in 1991) and later (International Congress of
Transdisciplinaryty “Which University for tomorrow?”, Locarno in 1997, Second World Congress of
transdisciplinarity, Vitéria, Brazil, in 2005), to the first world congress in 1994; because these have
contributed to the emergence of transdisciplinarity, from the emergence of a community until the already
formed community, and have subsequently contributed to the training of educators and students.

These events and contributions from the beginning of the decade of 2000s and the end of the 90s,
perhaps have been, among others, the most relevant for the creation of a transdisciplinary culture in the
world. Adding to the passage of time more researchers convinced of the paradigm shift to investigate.

Of this manner, in a review by Kueffer et al. (2007) [110] in the “web of science”, indicate that the
quantity of articles with the word transdisciplinarity has increased over time. The authors analyzed articles
from 1970-2000; where the number of publications per year was increasing over time. They reported a
significant increase since 2000; highlighting the publications in the years 2004 and 2005, where 60 and 70
articles published were reached, respectively. Some of the journals that have published transdisciplinary
research particularly in the area of environmental sciences, according to the authors are: Communication,
Cooperation, Participation; EcoHealth, Ecological Economics, Ecology and Society, Society Futures, Nature
+ Culture, International Journal of Transdisciplinary Research, Journal of Transdisciplinary Environmental
Studies, Ecology and Society, Environmental Sciences: Journal of Integrative Environmental Research,
Bulletin Interactif du CIRET, co-design, etc. Zscheischler and Rogga (2015) [48] in another literature
review consulting the databases of “ISI Web of Knowledge” and “Scopus” they also point to the increase
in publications in the area of sustainability with a transdisciplinary approach since 2000. The acceptance
of the scientific community in this area is appreciated in this article, mentioning 217 different provenances
which carried out a TD-RP. Presenting a great evolution of the Transdisciplinary perspective towards its
application. Other relevant events are included in the year 2004; the special publication of the subject
about transdisciplinarity in the English Journal “Futures” with a total of eight publications by different
authors and nationalities: Lawrence and Després (Switzerland and Canada), Balsiger (Germany), Ramadier
(France), Jones and Sime (United Kingdom and United States), Bruce et al., (United Kingdom), Pinson
(France) and ending with Klein (United States).

In this sense, the transdisciplinarity, has undergone an increasingly integrative practical evolution
(Espina et al., 2004) [111], increasingly systemic thought, which do see to the world of a different way
(Max-Neef, 2005) [112]. Among other requirements for a TD-RP is the collaboration between disciplines and
participatory research (Pohl and Hadorn, 2007) [113]. For this there are among others, some requirements
such as a transdisciplinary training of new researchers and therefore transdisciplinary trainers of future
researchers are necessary. In the declaration of the 2nd World Congress of Transdisciplinarity held in
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Vitéria, Brazil (2005); it is pointed out that the action TD, articulates the relationship with the world
(eco-formation), the relationship with the other (hetero and co-formation), the relationship with oneself
(self-formation) and relationships with the being (onto-formation) (Espinosa, 2005) [114]: being one of
the urgent actions proposed by Nicolescu: Transdisciplinary education, i.e. influence the training of
transdisciplinary researchers; representing this one of the great current and future challenges.

Complying with the characteristic features requires knowing-self-investigating and self-transforming. In
this sense, Jahn et al. (2012) [82] points out others characteristic features in the research TD, this is: a)
critical, b) self-reflective, and c) relates society and scientific problems. Transdisciplinary approaches for
Méndez (2013) [115], could include academic scientific disciplines, as well as different knowledge systems
(e.g. empirical experience, local knowledge, indigenous knowledge, etc.) aimed at solving problems. Grof§
and Stauffacher (2014) [75] reported that the type of knowledge generated not only discovers laws, but also
is to provide solutions to socially relevant problems. For this, heterogeneous groups are formed to produce
scientific knowledge.

Then it leads to solving problems present in the real world. For which, as Miller (2008) [74] mentions,
transdisciplinary research requires a social responsibility. Social responsibility implies an important
individual and introspective work because it implies being responsible for the other. Paraphrasing
Emmanuel Lévinas (1905- 1995) “When I see you, I feel intrinsically responsible for you”, implying seeing
beyond ourselves (Jiménez, 2017; Martos, 2011) [116, 117]. Therefore, as McGregor (2004) [118] indicates,
whoever wants to adopt a TD approach should consider profound internal changes which could lead to,
according to Max-Neef (2005) [67], to a different way of seeing the world that could represent a challenge
as pointed out by Pohl (2010) [105].

Pohl (2010) [105] distinguishes mainly three challenges: 1) Structuring the problem together, 2)
integration of participants group and 3) intervention in society. Structuring the problem together is one
of the challenges, using methods that allow having the different views of the problem of the different
participants of the research project, who will act, interrelationships between the participants, dialogue
methods, the joint formulation of hypotheses, etc. They are aspects considered and carrying it out represents
a challenge in the practice of transdisciplinarity. Another challenge that he analyzes is the integration, how
to reconcile points of view between scientists and non-scientists, that is a real challenge, to establish the
problem together, to define the hypothesis, from different value systems and ideas and beliefs, to reach
integrate and reconcile academic research and experience. The third challenge of Transdisciplinarity is to
successfully carry out the results, which implies reaching intervention in society. Projects could then take
years to reach implementation. The stages of the project are to communicate results to civil society, the
private and public sectors, but now it is to implement the solution proposal. Then you enter a cybernetic,
recursive process, planning research, establishing it, developing solutions, implementing, verifying the
impact on society, learning, analyzing, reformulating problems, new research questions, etc. and so on, a
process that can take years, even decades.

It is for this reason that to overcome the challenges in the practice of transdisciplinary research, a
different intelligence is proposed by the participants and constant introspective work, for strengthen the
spiritual dimension.

Ubitaran D’Ambrosio who participated in the elaboration of the transdisciplinarity charter (1996) [119]
notes that to face the complexity of the world and its self-destruction of the species, an intelligence is
required that visualizes the planetary dimension, among others. Additionally, it mentions that an ethic
is required where to change is necessary: from competition to cooperation, from separation to human
interconnection, from dependence to human interdependence, from fear to love and from individualism to
altruism (D’Ambrosio, 2014) [120]. In this way, there is a need for deep transformations in the investigater
subject that longs to be a TD researcher, requiring in it, a training that allows to become aware of that
need for self-investigation for its self-transformation, where critical Self-knowledge is essential. From where
knowledge could be co-constructed as co-creators of transdisciplinary knowledge (Ivan Illich, 1976; see,
Vargas, 2015) [121]. The leaders of transdisciplinary research have to develop certain capabilities noted
Hoffmann et al. (2017) [92]. Among which stand out: a) integrative vision, b) skills for intellectual
between-disciplinary exchange between disciplinary, ¢) project planning, evaluate, monitoring, etc., d)
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reconcile multiple interests and possible conflicts, etc. In such a way, the role of the scientist takes wide
relevance and transcendence. Wiek (2007) [122] reflects that the role of the scientist as an epistemological
mediator between science and practice must be reconfigured. As well as reconsidering the role of the
scientist as a figure to create a culture of peace, which for D’Ambrosio (2011) [123] covers four dimensions:
military, environmental, social and individual peace, this being the most universal problem facing humanity
(De Holanda and Medeiros, 2014) [124].

Pohl (2010) [64] pointed out several characteristics of TD, among which he highlights: 1) develop
knowledge and carry out practices for the common good, 2) adopt a comprehensive, multi-perspective
approach, 3) tackle problems and solutions transgressing scientific disciplines, etc. Then, the spirit of
transdisciplinarity is to develop research to serve society, i.e. with mainly social sense. The perspective of
transdisciplinary research would be focused on the common good (Enengel, 2012) [125].

In this way, the borders of the researchers, of the disciplines and of the specific problems themselves are
transcended, seeing a complex and interconnected whole, where the unity of sciences and consciences is
invited. Stokols et al. (2003) [126] suggests caution in the use of terms: transdisciplinary collaboration and
transdisciplinarity to do science (TD science), because they are not synonyms. Doing science under the
transdisciplinary approach is not to form coalitions involving collaborations, whose mission is for example
to promote improvements in health, educational or economic conditions. Transdisciplinary collaborations
alm to generate intellectual results that are their hallmark; carry out scientific research activities and
generate knowledge.

Transdisciplinarity according to Klein (2001b) [127] does not begin in a specific discipline. If not, it is
based on a practical problem (Hult, 2010) [128], which seeks the generation of practice-oriented solutions
and their dissemination among the target population (Bergmann et al., 2005) [129]. Others authors Jahn
(2003) [130] retake what was pointed out by Krott (2002) [131], indicating that the specific added value of
a research project TD does not stop with the explanation of the world, but even intervenes directly in the
problem or situation. In order to persist, in the intervention of the problem situation, collaboration with
different disciplines, collaboration with the different actors in the problem, etc., a constant openness to
change is required. Then, it will be essential for researchers and participants to continually transition mutual
and transformational learning, as recommended by Mitchell et al. (2015) [132]. One of the challenges that
the Transdisciplinary group faces, among many others, is to stay in unity. Starting from the differences that
may exist between everyone, maintain unity and learn to agree with the other, hence the importance of
continuous self-transformation. To learn to listen and not impose, etc. The members of the research project
(TD) from the beginning to enter of manner individual, must be aware that it must self-transgressed,
causing continuous change through self-evaluation. On the other hand, research assessment permanently is
also proposed by some authors for quality assurance in the RP-TD (Balsiger and Kotter, 2005) [133].

In summary, it is possible to observe in Table 1 (see Appendix), a list that integrates some definitions
and characteristic features of transdisciplinarity. A perspective to address the research in these poly-critical
times, where the challenges will be to make it operable according to the contexts of the various countries
and consciences of scientists and extra-scientists involved.

The trainers of future generations have various challenges in the process of researchers training, which
must be transformed in order to re-educate towards a transdisciplinary perspective. The trainer must
live and teach to live alongside the research process, self-research, self-knowledge due to that is useful for
self-transformation. Being this basic aspect in compliance with the characteristic features of a TD research
process, as shown in Figure 1, column 2.

According to the reviewed literature, Figure 2 shows by decades the behavior of the number of authors,
citations of contributions and number of papers in the last fifty years. It is possible to observe in Figure 2a,
how the number of authors by paper in average has been increasing over time. Starting in the 70s and 80s
with a single author and the average number of authors in the last decades has increased to almost three
authors. It is worth mentioning that there were articles from this literature review with 20 and 14 authors
such as Axelsson et al. (2013) [121] and Benesh et al. (2015) [125], being a trend of increasing number of
authors in scientific contributions from a transdisciplinary perspective.

Regarding the number of citations of contributions per decade (Fig 2b), it was found that the decade
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Figure 1: Characteristic features of transdisciplinarity.

of the 1990s had the greatest impact. This is also evidenced by the number of papers, which have
been increasing from decade to decade, increasing by more than 100% with respect to the beginnings of
transdisciplinarity (Figure 2¢). Among the papers reviewed, the most cited by decade are observed in Table
2 (see in Appendix). It is possible to observe that since the appearance of the term transdisciplinarity until
today, the ones that have been most cited are the contributions of Gibbons et al. (1994), Klein (1996),
Gibbons (1999), Max-Neef (2005) and Hadorn et al. (2008) [5, 57, 6, 72, 54].

Figure 3a shows the number of authors from each country who have contributed to this perspective
according to the literature review carried out. Finding that the countries with the highest number of
authors who have researched and promoted this perspective are mainly Switzerland, USA, Germany,
Austria, Sweden, France and UK.

The transdisciplinary perspective in these critical times of COVID-19, can be a support to approach
the investigation, in diverse aspects, from the integration of diverse investigators coming from different
disciplines, from the sustainable results that can be offered, from the participants and their spiritual
dimension that they would have to work on and in this way decide in a transdisciplinary systemic way and
especially today in training researchers (Figure 4).

In such, a way that addressing the problems that are experienced require the proposal of solutions
from different scientists in collaboration with those who experience the problems; as the findings occur,
sensitizing and re-educating the population is necessary. Hence, the importance of another perspective to
investigate, where contemplating re-education and awareness of society would be relevant. It might be up
to the scientific community, in part, to teach and work with society. This would be of great impact and
would allow the transformation and evolution of societies and not involution.

Our students, and future Transdisciplinary researchers: The advantage they would have is that they
could have developed the necessary resilience in these difficult times, which will help them not to fall into
mental problems, to avoid problems of anguish, depression, loneliness, etc. These are difficult times, the
transition to a new era, but you must maintain hope to be part of the reconstruction of a better world
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Figure 2: Contributions to the term and/or to characteristic features of Transdisciplinarity in the last 50 years
(1970-2020), according to the literature review carried out: a) Average number of authors per paper, b)
Total number of citations per decade c¢) Publications per decade.
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Figure 5: Transdisciplinary projects evaluation according to Klein (2004) [111].

and to reconstruct new ways of doing science and of being human in science and in the world. Adapting
to the changes of the new life will be necessary, awakening consciousness and joining the actions aimed
at reconstruction or resurrection. This will fulfill what Basarab (1996) [97] said: that Transdisciplinary
researchers appear more and more as hope-makers.

As is known, evaluating a project is a strategy for continuous improvement. In this way, there are
proposals to evaluate both the effectiveness of the collaborating team and the aspects to be covered in
a transdisciplinary project [111, 184]. In the case of the evaluation of transdisciplinary projects, Klein
(2004) [111] proposes a questionnaire of 47 questions divided into five categories: A) initial phase, B)
organizational and conceptual framework, C) learning and social communication, D) collaboration and
integration and E) evaluation, innovation and dissemination related to various aspects that can be observed
in Figure 5.

Other basic guiding supports for the researcher are various methodologies that have been reported
in the literature. Which are based on general phases to develop the research process (see, Table 3 in
Appendix). Basically, they coincide in: 1) the need to collaboratively define and understand the problem
(including its various actors), 2) the design and planning of the research process, with the participation of
the actors in all phases and 3) Preparation of the research synthesis, conclusions, recommendations and
communication of results in the scientific field and to the public.

Only one of the methodologies (Herndndez, 2018) [177], addresses a phase to develop the self-investigation
of the subjects who investigate that is necessary to carry out the research process and can serve to maintain
integration and close collaboration. In addition to develop, among other dimensions, the spiritual one that
is decisive in a research process of this type and finally achieve self-transformation as one progresses along
the path of research, becoming more aware of oneself, the others and the other.

Finally we can say that knowing the history of transdisciplinarity, its evolution, its characteristic features,
etc. could allow current and future generations to work to fulfill them and in this way co-participate in the
survival of man and his world.
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6 Conclusions

The transdisciplinary approach could represent the best pathway to develop research in Latin America
countries to face the diverse problems of society. The main countries that have developed this approach
and have marked some characteristic features are Switzerland, Germany, the United Kingdom, the United
States, Canada, France, and some of Latin America such as Bolivia, Colombia, Brazil, Chile and Mexico;
where they are performing Research under this perspective and move on in the fulfillment of characteristic
features of it.

The approach is in evolution and as time passes, various characteristic features are added according to
the experiences that researchers face in the practice of transdisciplinarity. It is a challenge for researchers
today, above all to make individual changes that must be made that demand their self-investigation and
self-transformation that allows their evolution as the research carried out evolves, also evolve each one of
them.

There is increasing acceptance in the world scientific community, increasing the number of articles
by more than 100% compared to the last century, but there must be a change in the policies of those
responsible for making them, so that transdisciplinary research achieves its objective of intervene in systems
and thus evolve societies and nations.

Transdisciplinarity presents an evolution that allows complementing its concept and its characteristic
features over time.
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Table la. Characteristic features and some definitions of transdisciplinarity.

AUTHOR (S)

Edgar Morin (1988)

Mittelstral3 (1992)

Arber (1993)

Kim (1998) [137]

Basarab (1999) [138]

TD Conference in
Zurich in 2000 (Klein
etal., 2001) [49]

Flyvbjerg (2001)

Hadorn et al. (2002)
[140]

Hoffman-Riem (2002)
[141]

Cicovacki (2003) [142]

Lawrence and Després
(2004)  [143]

Balsiger (2004) [144]

Jones and Sime (2004)
[145]

Bruce et al
[146]

(2004)

Pinson (2004) [147]

Klein (2004) [148]

DESCRIPTION

NATIONALITY AND/OR
UNIVERSITIES

In TD, “the knowledge operator must at the same time become an object of Paris, France

knowledge” (see, Carrizo and Gallicio, 2006) [134].

Transdisciplinarity in the decade of the 90s.
TD is a way of investigating that transcends disciplines to propose solutions to
problems in the world of life, as quoted by Pohl (2008) [135].

TD transfer concepts or methods from one discipline to another (see Scholz et al.,
2000b) [136]

TD is the "intellectual space" where problems are thought about, their alternative
solutions and interrelationships are observed. “Co-operative work”= “sinergon”

Transdisciplinarity implies an ethical attitude of opening and dialog. Strengthens the
physical, emotional and intellectual balance of the Subjec. Who bridges with itself,
with others and with the nature to reconstruct, from the honesty and the commitment
those social, environmental, cultural and affective. Strengthens their integral
formation.

Transdisciplinarity from 2000.
Transdisciplinarity is a way of learning and solving problems
through the participation of the academy and society. Facing the challenges of this
last.

TD is based on general theory of systems, complexity, contextualization, etc. Collect
information from different disciplines to act wisely, etc. (Flyvbjerg, 2001; see,
Montouri, 2013) [139].

Empirical and theoretical knowledge is necessary to know the system and its
relationships. Noted another feature: mutual interdependencies

Environmental research has to establish reliable knowledge that can be transformed
into effective measures. This requires a combination of experiments and field
observations based on different disciplinary perspectives.

Transdisciplinarity is a vision of humanity for the human knowledge and human
relationships.

TD challenges the fragmentation of knowledge. Characteristics: hybrid nature,

Konstanz University, Germany

University of Basel, Switzerland

UNESCO

French nationalized

Zurich, Suiza

Oxford University

ETH Zurich, Switzerland

Universitit Bielefeld, Germany

Department of Philosophy, Holy
Cross College, Worcester, USA

University of Geneva, Centre for

nonlinearity, reflective, transcends disciplinary structure, accepts contexts of Human Ecology and Environmental
uncertainty, knowledge based on the specific context, collaboration in all phases of Sciences

the research project, is usually oriented to action.
TD research is scientific research and scientific rules are followed. TD does not
compete with disciplinary approaches.

Connections are made between disciplinary boundaries, between academic and
experimental research. Border work is required

"Expand the mind" through the participation of the potential user to know their needs.

Requirement: Cooperation between identifiable disciplines, dialogue with other
specialties, etc. This cooperation will be more effective as each discipline defines its
specific contribution.

TD has become an important imperative in all sectors or domains of society and
knowledge, which makes it an essential way of thinking and action.
Transdisciplinary attitude is required to cultivate.

Universite Laval, Quebec, Canada
Interdisciplinary Institute of
Philosophy and History of Science
University of Erlangen-Nurenberg,
Germany

University ~ School  of  Social
Sciences, Cardiff Wales- United
Kingdom

University of Utah, Salt Lake City,
USA

Scottish Universities
Research and advice network
Institute for the study of Science,
Technology and innovation,
University of Edinburgh, United
Kingdom.

Policy

University of Droit, Marseilles,
France
Department of Interdisciplinary

Studies (CULMA), Wayne State
University, Detroit, USA.
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Table 1b. Characteristic features and some definitions of transdisciplinarity.

AUTHOR (S) DESCRIPTION NATIONALITY AND/OR
UNIVERSITIES
Pohl (2005) [149] TD takes into account: a) the complexity of a topic that jointly explains the current Federal Technological Institute,
state of the topic and its dynamics, b) the different perceptions of science and Switzerland
society, and c) the separation of the idealized context of science to produce
knowledge practically relevant.
McGregor  (2005) Participants in a TD research project could be: academics, civil society, Universidad Mount Saint Vincent,
[150] government authorities, companies, artists, etc. They propose the TD as a process Halifax, Canada
to achieve peace.
Vitéria's  statement "Transdisciplinary action articulates relationship with the world (ecoformation), Victoria, Brazil
(2005) the relationship with the other (hetero and co-formation), the relationship with
ourselves (self-training) and the relationships with being (onto-formation)"
(Cetrans, 2005; see, Casella, 2009) [151].
Wickson et al. Researchers who operate regularly in a TD manner would encourage the Wollongong  University, and
(2006) [152] development of the integrative and collaborative required in research. Features: 1)  University of Sydney, Australia
The TD integrates various methodologies, it is not one, 2) collaboration with
actors of the problem (affected people).
Galvani (2006) Transdiscipline must be understood as an attitude of intellectual rigor, which
[153] allows the researcher to be aware of their own limits and the limits of their
discipline. “Being transdisciplinary” for this author means being aware that
everything cannot be explained through the lens of our profession or particular
area, but we must accept that we need other professions and fields of knowledge,
to gather all or the greatest possible number of perspectives that allow us to form a
more complete idea of reality. Demanding openness not only to other disciplines,
but also to classical and popular knowledge, and to the cross-cultural, including
art, philosophy, spirituality, science, etc.
Congress in  Pineau points out contributions in ecological training, contemplating respect for Barcelona, Spain
Barcelona (2007) nature (ecology) and others (otherness) [154]. Pineau of the Rabelais Tours

Hadorn et al. (2008;
2010) [54, 155]

Research that addresses issues in the world of life. Phases: 1) problem
identification and structuring phase, 2) problem investigation and 3) outcome
phases. Transdisciplinary have three types of knowledge: systems, objective, of
transformation, and reflects the mutual dependence.

University, France.

ETH Zurich, Switzerland

Peon and The transdisciplinary research process is service oriented, useful to share with National Polytechnic Institute
Hernandez  (2009) others or others. It always implies universal values and ethics. In addition to Mexico
[156] observing the object studied, it requires self-observation. We work for tolerance

Casella et al. (2010)
[157]

between different ideas of disciplined experts and even beyond, we work to
understand the undisciplined, the empirical, the common citizen, etc. Constant
awareness of unity. Focused not only on doing but also on being (Hernandez-
Aguilar).

TD is a way of conceiving, thinking and analyzing the reality that surrounds.
Seceks to relate knowledge with life. Born for to meet the need to deal with the
unprecedented challenges of the problematic world in which we live and require a
multi-referential treatment because they are complex.

Arkos University Studies Center,
Puerto Vallarta, Mexico

Pinson (2004) [147]  Requirement: Cooperation between identifiable disciplines, dialogue with other University of Droit, Marseilles,
specialties, etc. This cooperation will be more effective as each discipline defines  France
its specific contribution.

Klein (2004) [148] TD has become an important imperative in all sectors or domains of society and Department of Interdisciplinary

knowledge, which makes it an essential way of thinking and action. Studies (CULMA), Wayne State
Transdisciplinary attitude is required to cultivate. University, Detroit, USA

Pohl (2005) [149] TD takes into account: a) the complexity of a topic that jointly explains the current Federal Technological Institute,
state of the topic and its dynamics, b) the different perceptions of science and Switzerland
society, and c¢) the separation of the idealized context of science to produce
knowledge practically relevant.

McGregor  (2005) Participants in a TD research project could be: academics, civil society, Universidad Mount Saint Vincent,

[150] government authorities, companies, artists, etc. They propose the TD as a process Halifax, Canada
to achieve peace.

Vitéria's  statement "Transdisciplinary action articulates relationship with the world (ecoformation), Victoria, Brazil

(2005) (151) the relationship with the other (hetero and co-formation), the relationship with

ourselves (self-training) and the relationships with being (onto-formation)"
(Cetrans, 2005; see, Casella, 2009) [151].
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Table 1c. Characteristic features and some definitions of transdisciplinarity.
AUTHOR (S) Description Nationality and / or Universities

Wickson et al. (2006) Researchers who operate regularly in a TD manner would encourage theWollongong  University, and
[152] development of the integrative and collaborative required in research. Features: 1)University of Sydney, Australia
The TD integrates various methodologies, it is not one, 2) collaboration with actors
of the problem (affected people).
Galvani (2006) [153] Transdiscipline must be understood as an attitude of intellectual rigor, which allows
the researcher to be aware of their own limits and the limits of their discipline.
“Being transdisciplinary” for this author means being aware that everything cannot
be explained through the lens of our profession or particular area, but we must
accept that we need other professions and fields of knowledge, to gather all or the
greatest possible number of perspectives that allow us to form a more complete idea
of reality. Demanding openness not only to other disciplines, but also to classical
and popular knowledge, and to the cross-cultural, including art, philosophy,
spirituality, science, etc.
Congress in Pineau points out contributions in ecological training, contemplating respect forBarcelona, Spain
Barcelona (2007) nature (ecology) and others (otherness) [154]. Pinecau of the Rabelais Tours
University, France.
Hadorn et al. (2008; Research that addresses issues in the world of life. Phases: 1) problem identification
2010) [54, 155] and structuring phase, 2) problem investigation and 3) outcome phases.ETH Zurich, Switzerland
Transdisciplinary have three types of knowledge: systems, objective, of
transformation, and reflects the mutual dependence.
Peon and Hernandez The transdisciplinary research process is service oriented, useful to share with others National Polytechnic Institute
(2009) [156] or others. It always implies universal values and ethics. In addition to observing theMexico
object studied, it requires self-observation. We work for tolerance between different
ideas of disciplined experts and even beyond, we work to understand the
undisciplined, the empirical, the common citizen, etc. Constant awareness of unity.
Focused not only on doing but also on being (Hernandez-Aguilar).
Casella et al. (2010)TD is a way of conceiving, thinking and analyzing the reality that surrounds. SeeksArkos University Studies Center,
[157] to relate knowledge with life. Born for to meet the need to deal with thePuerto Vallarta, Mexico
unprecedented challenges of the problematic world in which we live and require a
multi-referential treatment because they are complex.
Nufiez (2012) [158] TD is a transformative experience, self-transformation process, where thereVeracruzana University, Mexico
permanent questions and reflective dialogues within different levels of Reality.
Basarab (2013) [159] In his speech made a comparison between Disciplinary and Transdisciplinary CIRET, Paris, Francia
Congress of HigherEducation: Disciplinary (D) and Transdisciplinary (TD): e.g. 1D. In vitro -1TD in
Education held inVivo; 2D. a level of reality-2TD Several levels of reality; 3D. accumulated
Istanbul, Turkey knowledge - 3TD Comprehension; 4D. Analytical intelligence- 4TD New
intelligence — harmony between mind, emotions and body, 5D. Binary Logic - 5TD
Logic of the third included, 6D. Exclusion of human values-6TD Inclusion of
human values, etc.

Angelstam et al.Transdisciplinary research is based on: 1). integration of multiple disciplines and 2) Swedish University of Agricultural
(2013) [160] of stakeholders- included levels of governance (representatives of different social Sciences

sectors participate and have active inclusion in formulating problems, knowledge Sweden and U.K.

production and learning).

Axelsson et al. (2013)Self-reflection, evaluation of the problem-solving process, multi-level collaboration. Swedish University of Agricultural
[161] Sciences
Sweden, Czech Republic, Austria,
Canada,

Mauser et al. (2013)Stakeholders and academic, involmenent in co-design and co-production ofUniversity Munich
[162] knowledgment. Co-design: 1) Joint framming (topic depent on societal emergence), Germany, Australia, Netherlands
2) research definition (researc scale, research question), implementation (fullingFrance
calls, proposals, review, etc.). Co-production: 1) scientific integration
(interdisciplinary, consistency, uncertainly), 2) Relevance (transdisciplinaryty,
stakeholder, involvement), 3) Dissemination of results (translation, transparency
dialogue, responsivity)
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Table 1d. Characteristic features and some definitions of transdisciplinarity.

AUTHOR (S)

Augsburg
(2014) [163]

Tanya

Benesh et al
(2014)
[164]
Darbellay
[165]

(2015)

Brenner
[166]

(2015)

Vilsmaier et al.
(2015)[167]

Mateescu et al.
(2015) [168]
Wiesmann et al.
(2016)[169]

Hurni Hadorn and
Wiesmann et al.

(2016) [170]
McGregor (2017)
[171]

Pohl et al. (2017)
[172]

Jim Morin (2017)
[173]

Morales (2017)
[174]

Appel (2018)
[175]

Carol Costley and
Nicola Pizzolato
(2018)

[176]

Hernandez-Aguilar
(2018) [177]

Fam et al. (2018)
[178]

DESCRIPTION

Characteristics of a person who decides to do a TD job: moving from a traditional
comfort zone, working outside one's own discipline, participating in different ways
of thinking and acting, breaking the paradigm that science offers "the best solution",
joy to see from another look, develop trust and mutual needs, be modest, build
networks outside the family, etc.
TD research is a collaboration between investigators with several backgrounds,
where their co-generate ideas.

Transdisciplinarity can be considered as a research method that brings together
political, social and economic actors, as well as ordinary citizens, in the research
process itself, in a perspective of "problem solving"

Transdisciplinarity is a philosophical movement which can provide a new

approach to current problems and paradoxes of human thought, science and
philosophy.

TD research needs deep reflection, transformation of attitudes and capacity building
by all participants; to overcome cultural differences that cause difficulties in the
mutual learning process (Hirsch Hadorn et al.).

The TD leads to the change of man for access and participation in the socio-cultural
and spiritual life.

Proposals to strengthen TD research process: among which are: Definition, scope
and relevance, recursive processes, forms of knowledge, contextuality and
generality, specialization and innovation, participation and mutual learning, values
and uncertainty, management and leadership, education and career building,
evaluation and quality control, etc.

They suggest that a transdisciplinary approach requires that the investigated
phenomena be considered from a perspective that goes beyond specific disciplines
and is based on a broad-spectrum participation characterized by systematic
cooperation with those involved.

Individual and collective diversities profoundly affect communications and
collaborations during transdisciplinary work.

They propose reflective levels to interpret socially relevant problems.

TD is characterized by a paradigm shift to produce knowledge, overcoming the
division of academic work and segmented into separate departments.

Participants in research projects TD must employ traditional scientific methods,
research skills, even employ research methods such as the used in an art or design
study. She uses the term of an individual transdisciplinarity.
TD are the efforts carried out in research by academics from different disciplines
who work together to create conceptual, theoretical, methodological innovations,
etc. for go beyond disciplines addressing complex problems.

Qualities to promote in PhDs students: Researching collaboratively with
stakeholders, diversity of disciplinary and assessment criteria, Integration of
methodologies, situating of the research in multiple contexts, Impact on ‘situation’
with procedures or products news, Ethics and trust.

Proposes four phases for transdisciplinary training and research: 1) Contextual and
documentary research, focusing on the problem and taking scientific evidence of it,
2) Self-research, 3) Experimental research, in search of the solution and its
demonstration, 4) impact investigation.

‘science for society’ is modified to ‘science with the society (Fam)
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Table 2. Contributions to transdisciplinarity most cited in the last 50 years according to the
literature review carried out.

2011-2020 2001-2010 1991-2000 1981-1990 1970-1980
"Jahn et al. Max-Neef Gibbons et al. Bertalanffy Jantsch (1970)
(2012) [41] (2005) [72] (1994) [5] (1986) [29] [42]
2675 1073 18630 87 353
Mauser et al. Hadornetal.  Klein (1996) [57] Kockelmans
(2013) [122] (2008) [54] (1979a) [47]
481 856 1669 158
Basarab (2014) Klein (2004) Gibbons et al.
[38] [108] (1999) [6]
378 700 1028
Pohl (2011) [53]  Klein (2001a) Brewer (1999)
204 [8] [52]
640 430
Bernstein Wickson et al. Basarab (1996)
(2015) [11] (2006) [112] [56]
187 585 347
Scholz and Pohl and Basarab (1999)
Steiner (2015a)  Hadorn (2007) [98]
[39] [73] 154
142 492
Miller et al.
(2008) [33]
462
Lawrence and
Després (2004)
[103]
401
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C. Herndndez-Aguilar, F. A. Dominguez Pacheco, Pacheco, E.J. Martinez-Ortiz, R. Ivanov, J. L. Ldpez-Bonilla, A.
Cruz-Orea and J. Ordonez-Miranda

Enengel et al. (2012)
[125]

Lang et al. (2012)
[182]

Enengel et al. (2014)
[181]

Richter et al. (2015)
[183]

Miah et al. (2015)
[184]

Berger et al. (2016)
[185]

Hernandez et al. (2018)
[177]

Gebhardt et al. (2019)
[186]

L. History of the problem

II. Problem identification and structuring

III. Research design, method selection

IV. Data collection

V. Analysis of data

VI Reflection / Interpretation, synthesis

VII Dissemination of results

I. Frame research problem and team building

II. Co-creation of solution

III. Reintegration and application of created knowledge
1. Concept

II. Analytical network

III. Collection and selection of case studies

IV. Questionnaires and guidelines

V. Triangulation, case-sensitive and inter-case results
VI. Conclusions and recommendations for action
VIL Feedback all with Knowledge of literature review
And exploratory interviews with experts.

I. Transdisciplinary

II. Systemic

III. Adaptive management

L. Problem specification

II. Generation of ideas

I11. Solution development

I1I. Application

IV. Knowledge dissemination

I. Knowledge of facets of variable to study

II. System analysis

I11. Final Synthesis

IV. Project goals (guiding question)

V. Terminal focal variable

I. Contextual, field and documentary research - (Focus and evidence of
oak in the real world (MR))

IL. Investigation of the investigating subject- Self-research

III. Experimental research, in search of the solution, its demonstration
and new proposal design

IV. Investigation of the impact of the proposal (Including impact research
and communication of results (scientific and social level))

I. Understand users in their everyday context,

II. Describe and identify the various types of users

III. Developing ideas and concepts, testing and evaluating in the Real
World Laboratory

Evolution and Characteristics of the Transdisciplinary Perspective in the Research: a Literature Review 188
Table 3. Some base methodologies in Transdisciplinary research processes
AUTHOR (S) PHASES APPLICATION
Scholz et al. (2000b; I Preparation (choosing and knowing the case, including empathy) Groundwater
2003; 2006) [136, 179, Il Realization management
180] III. Epilogue (synthesized group reports and case report presented to the
public)
Hadorn et al. (2008) L. Problem identification and structuring Transdisciplinary — research
[54] II. Problem analysis processes
III. Provide results to a good end
Jahn, T. (2008), Jahn et I. Constitution of a common object of investigation Mainstreaming and
al., (2012) II. New transferable knowledge marginalization
[76,82] III. Transdisciplinary integration

Development—an  analysis
of actor  roles and
knowledge types in different
research phases

Transdisciplinary
sustainable research

Stakeholder's perspective on
efforts, benefits and risks

Ecosystem approaches to
health

Academy-industry

Cancer knowledge

Training of transdisciplinary
researchers

Sustainable mobility system
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