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ABSTRACT 

 

      The purpose of this paper is to describe the ongoing transdisciplinary way of establishing mechatronics as a 

paradigmatic teaching-learning process (epistemological mechatronics), as a socio-interactive way of living 

(ontological mechatronics), and as a reflexive communicational language (semiotic mechatronics) with a logical 

creativity and flexibility for the purpose of crossing barriers and the building of bridges between students and 

teachers, between students and the mechatronics as subject and between the students themselves. Due to the fact 

that the understanding of the present world cannot be accomplished within the framework of a single disciplinary 

research, transdisciplinarity is the only way of explaining complementarity both to multidisciplinary and 

crossdisciplinary research, being entirely (radically) distinct from them, even though multidisciplinarity and 

crossdisciplinarity temporary cross disciplinary boundaries, they always remain within the framework of a 

disciplinary context. Because of this very important reason the present paper presents a better explanation than 

the Grimheden model of the thematic synergistic identity of mechatronics. We propose a view of mechatronics as 

an epistemic paradigm in the context of a transdisciplinary approach. 
      

 1. FROM DISCIPLINARY TO THEMATIC IDENTITY IN MECHATRONICS 

 

There are some hystorical steps in the development of transdisciplinarity methodology, as brought out J. 

Dewey [1],  B. F. Skinner [2], Jean Piaget [3], and more recently, Feldenkrais [4] through its “Awareness 

Through Movement” (ATM) and Functional Integration (FI) lessons. The researches in educational 

mechatronics shows us that there are a lot of bridges between the different disciplines, thus the emergence of 

multidisciplinarity and crossdisciplinarity is a very important sequence of steps towards the next step, that of 

transdisciplinarity [5]. A didactic approach presents mechatronics as having a thematic identity in contrast to 

disciplinary, a functional legitimicy in contrast to a formal one, a selection in a vertical exemplarity in contrast 

to a horizontal exemplification and with an interactive communication in contrast to an active one at the 

disciplinary stage [ 6 ]. The transition from disciplinary identities to a thematic identity is made up of certain 

steps where the most important are presented in Grimheden paper [ 7 ] ( fig.1). In the first stage there is no 

interaction between the original disciplines but in the second stage the students combine courses from different 

disciplines to broaden their knowledge, which can be described as a multidisciplinary stage. Multidisciplinarity 

concerns the study of a research topic not in only one discipline but in several at the same time, the 

multidisciplinary approach crosses disciplinary boundaries while its goal remains limited to the framework of 

disciplinary research. The entire educational system is still organized and functions within the framework of the 

disciplinary context. The third stage represents the situation where the main effort is to create crossdisciplinary 

courses. Crossdisciplinarity concerns the transfer of methods from one discipline to another with three degrees: 

a) an application degree; b) an epistemological degree; c) the emergence of new disciplines [5] At the fourth 

stage new curricula suitable to the crossdisciplinary thinking and to the different identity of the subject as well is 

being created. The last two steps are the organizational stage and finally, the thematic identity of mechatronics. 

According to this perspective, mechatronics is viewed as yet another technological discipline [7,8], an 

evolutionary discipline with a curricula and specific organizational patterns and courses, while nothing is said 

about the transdisciplinary way of thinking and acting in mechatronics, the evolution been finished.  This way of 

understanding ignores the existence of a possible mechatronic epistemology, a new thinking-learning paradigm, 

a mechatronical ontology, a new way of thinking and acting and a new logico-creative interactive 

communication between human beings and intelligent artificial systems. From this point on, this paper 
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introduces a new approach, modifying the way the new thematic mechatronical paradigm emerges: the 

transdisciplinary approach. 

           

                                     

 

 

  

                                                         

 

        

 

 

 

 

 

 

 

 

 

Figure 1:  Martin Grimheden & Mats Hanson perspective on mechatronic evolution [ 6] 

      

      

2. MECHATRONIC INTEGRATIVE TRANSDISCIPLINARY KNOWLEDGE PARADIGM 

 

     The understanding of the present world in the unity of knowledge is its imperative final goal. There is a very 

important question about the existence of something between and across the disciplines and beyond all 

disciplines, the levels of Reality, this space between disciplines and beyond them being filled just as the 

quantum vacuum is full of all potentialities. Transdisciplinarity concerns that which is between the different 

disciplines, across and beyond the. The discontinuous structure of the levels of Reality determines the 

discontinuous structure of transdisciplinary space, which explains why transdisciplinary research is totally 

different from disciplinary research, while at the same time being complementary to it  [ 5 ].  

The emergence of this new type of knowledge - the transdisciplinary knowledge - complementary to the 

traditional disciplinary one is a very important issue for mechatronics. This process implies a necessary multi-

dimensional opening of the mechatronics studies in the University, towards the civil society, towards the places 

of production of the new knowledge,  towards the cyber-space-time,  towards the aim of universality and towards 

a redefinition of values governing its own existence [ 9, 10]. While disciplinary research concerns, at most, one 

and the same level of Reality, or fragments of one level of Reality, transdisciplinarity concerns the dynamics 

engendered by the action of several levels of Reality at once. The discovery of these dynamics necessarily passes 

through disciplinary knowledge, transdisciplinarity being nourished by disciplinary research, not confused with 

it, but better clarified by transdisciplinary knowledge in a new, creative way. Disciplinarity, multidisciplinarity, 

crossdisciplinarity and transdisciplinarity are like four arrows shot from but a single bow, knowledge [9]. As in 

the case of disciplinarity, transdisciplinary research is not antagonistic but complementary to multidisciplinarity 

and crossdisciplinarity research because the understanding of the present world cannot be accomplished only 

within the framework of disciplinary research. Transdisciplinarity goes beyond merely a discipline as its identity, 

selection, communication and legitimicy are radically distinct to that of the disciplinary stage. Because of this 

very important reason the present paper is a better explanation then the Grimheden model of the emergence of 

mechatronical epistemic learning-teaching paradigm, that of the thematic synergistic identity of mechatronics. 

There is an indispensable need for bridges between the different disciplines, these bridges being built by 
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codisciplinary connection, multidisciplinary combination, crossdisciplinary overlap and transdisciplinary 

synergistic synthesis, as in fig.2. The transition from the crossdisciplinarity stage to that of transdisciplinary 

synergistic synthesis stage is made by a combination of  circular and radial flows through the „synergistic 

transdisciplinary inner nodal points” which generate the thematic, experiential, interactive and functional 

mechatronical hard central core, the „crossdisciplinary medium nodal points” generating fluid belt that is 

crossed by inovative ideas, new courses, new programs and organizational learning patterns integrated in 

mechatronics. Due to these radial centripetal flows new mechatronical disciplines (optomechatronics, robotics, 

biomechatronics etc.) emerge as satellites in the outer diffuse space, where the „codisciplinary outer nodal 

points” are working as a resource spring generating epistemological, ontological and creative mechatronic 

knowledge. 

     

      

 

                                                                  

 

                   

 

 

 

 

 

Figure 2: The new perspective on paradigmatic transdisciplinarity in mechatronics 

    

CONCLUSIONS 

 

In the existing educational mechatronic model the trandisciplinary approach is missing, so the model 

proposed in this paper makes a reconfiguration of the entire mechatronic process of knowledge, introducing a 

transdisciplinary way of teaching-learning as a new epistemic paradigm, a logical-creative innovation to 

education as a new communicational language, and a reflexive approach to a synergistic way of thinking and 

acting as a new socio-interactive perception of the context. The new structural-functional configuration proposed 

is a result of the transdisciplinary “negociation” in the epistemic sequence of mechatronical knowledge, in the 

ontological sequence of existence and the logical sequence of creativity ( through mechatronics). The transitional 

process from disciplinarity to transdisciplinarity in a knowledge based-society is a functional-informational 

integration at the functional structures levels, at the logico-creative signification and at the ethical-moral 

axiology of the whole knowledge spectrum, including that of the spiritual dimension.  
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