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In the medical field, Assistive Technologies (AT) are one of the most dynamic due to the evolution of the population (elderly and disable people). Dedicated products are complex to design and to manufacture because of the end users' specificities and particularities. The integration of multiples competencies in the design process are necessary to be able to define a complete list of requirements. This collaborative work with the involvement of the end user necessitate a reflection about the design method. Statistics of products abandonments illustrate the difficulty for companies to create a favorable working environment taken into account multiple parameters from various expertise.

Based on these states of difficulties, the present study aims to develop an interdisciplinary experimented teaching situation focused on the use of Rapid Prototyping. The AT field has been chosen to develop this design process teaching. The favorable pedagogic context takes place in the Industrial Department of the Federal University of Paraiba. The proposal was to implicate several departments from this university to organize a complete course with the objective to teach Interdisciplinary in graduation level in the university: the initial idea was to give all necessary resources to the groups of students (two types of progressive workshop during the course); they choose the ones that are necessary to design and prototype something adapted to the user's requirements.

Introduction

In more and more cases, products have to be developed in collaboration between actors from several professional domains. In these cases, we spoke about interdisciplinary. The medical field is a typical context where various actors have to work together to elaborate a common list of requirements. Around the final user or a group of user, the aim of the design team is to create a favorable collaborative environment for the development of the complex product or system. The collaboration between actors from different disciplines can be facilitated by the use of specific tools and collaborative management strategies. One difficulty along the whole development process is to maintain the motivations of all the actors; another is to combine the different objectives into one unique requirements list. These daily issues constitute some challenges for professionals in industries. The rule of the universities is to prepare future managers to this complex and realistic situation. Students in the universities are always more interesting by the medical field and the innovations linked to this area. Surgical robotics, new technologies for rehabilitation, Smart materials and products like MEMS (Micro Electro Mechanical Systems) or Lab one Chip, connected devices, etc. are some examples that prove the increase of the medical market and justify the students' motivations. The objective of the paper is to share experience about the organization of an interdisciplinary course proposed in the university. It allow students to meet professors and health professionals from lots of disciplines in a design process context. The proposed study aims to imagine and propose a design process that motivate students from various engineering departments to experiment tools, methodologies and practices user oriented.

Design Methodologies

The field explored in the present case study is about design methodology for products in assistive technology (AT). Especially in this specific domain, final products have to match perfectly to the user requirements. They gave several benefits to people in difficult situations but research studies showed many problems with AT products abandonments [START_REF] Phillips | Predictors of Assistive Technology Abandonment[END_REF]. The most common is the acceptance of the own limitation problem. The second reason is about the product itself. The characteristics identified concerning the product are cost to purchase and to maintain, durability, reliability, ease of use and transport, safety, efficiency and aesthetics. And lastly, researchers listed four others factors as (1) change in the needs of the user, (2) ease of purchase, (3) device performance and (4) consideration of user opinion in the selection process. Others researchers have analyzed seventeen projects carried out by students designing for and with disabled children [START_REF] Magnier | Seventeen Projects carried out by Students Designing For And With Disabled Children: Identifying Designers' Difficulties During The Whole Design Process[END_REF]. In this situation, a coding scheme was built based on a review of the literature. This was then im-proved through direct observation of the design reports. After analysis of the reports, three groups have been sorted: managing interactions with the disabled children, difficulties with respect to evolving user needs and identifying the children's relevant abilities.

One the one hand the products never satisfy disabled users, one the other hand the design process is not easy to understand and to apply. The user centered approach has the objective to improve the usability of the product as a quality factor for disabled users. The User Centred Design (UCD) methodology provides five points the design project has to take into account: knowledge of end users (tasks, environments), an active participation of users (needs and requirements), the appropriate repartition of functions between users and technology, an iterative approach to design, the intervention of a multidisciplinary team [START_REF]International Organization for Standardization. Ergonomics of human-system interaction --Part 210: Human-centred design for interactive systems[END_REF]. The usercentered design cycle is broken down into six steps. This is an iterative process which ends when the design solution meets the requirements of the end user [START_REF] Ma | A new design approach of user-centered design on a personal assistive bathing device for hemiplegia[END_REF]. Prototypes have to be used to create interactions between students' groups and the users.

Design and rapid prototyping

The complexity of current problems requires that design process adapt to current demands. Multidisciplinary and participatory designs are a trend without return. The Top-down approach in which designers created their solutions and delivered to users is replaced by the Bottom-up approach. Users should be involved since the beginning of the design process. Not just in the testing phase. At last, as quoted [START_REF] Simon | The sciences of the artificial[END_REF], "The design is a participatory process in which the designer makes a partnership with problem owners (customer, user, etc.)."

Experts working disconnectedly, with different goals in so far timelines and following logics that are not concatenated properly, and not communicate with each other. "Every expert has a limited object-world, with assumptions, rules and particular goals. They see the design object of different ways, according to the pragmatic core of their discipline" [START_REF] Bucciarelli | Designing and learning: a disjunction in contexts[END_REF]. Although, he mentions that "the objectworlds divide the design in different but not unrelated kinds of efforts." It implies that whatever the object to be designed, it cannot be thought like a simple overlap of technical systems. It is necessary integrating different parts. For this, the process actors should coordinate each other seeking a set of representations and making a shared context of logics [START_REF] Wilkinson | Applying user centred and participatory design approaches to commercial product development[END_REF] [START_REF] Toh Christine | How engineering teams select design concepts: A view through the lens of creativity[END_REF] Working in design using intermediate objects is fundamental. They allow to achieve this logic joint and a leveling ideas. The term Rapid Prototyping generally refers to prototype build methods using additive systems [START_REF] Buswell | Freeform Construction: Mega-scale Rapid Manufacturing for construction[END_REF]. The time is minimal among the appearance of a possible solution and its transformation into something tangible, material. It is just the time to 3D printer receives the digital model and transform raw material into a product. The field of possibilities broadens enough.

Prototyping in the medical field has enabled anticipate both usability and functionality tests [START_REF] Zhang | Application of Rapid Prototyping for Temporomandibular Joint Reconstruction[END_REF] [11] [START_REF] Negi | Basics and applications of rapid prototyping medical models[END_REF].

Thus, users of assistive technology products can interact with ideas, even before being completed or manufactured in scale. Benefits are (1) to decrease design errors or inadequacies (2) a greater acceptance of end-users, (3) the possibility to quickly remake a product or modify it or to incorporate something that has been proposed by anyone involved in the project.

Facilitating the involvement of the final users (musicians and disabled children) in the design process using rapid prototyping technology has been shown by [START_REF] Coton | Design for disability: Integration of human factor for the design of an electro-mechanical drum stick system[END_REF].

The proposition was to use several rapid prototyping technology in function of the objective to demonstrate and the process phase. Classical machining, z-printer, and two types of Fused Deposition Modelling (FDM) have been used during the developing process.

To resume, the design for and with final users imposes specific tools and methodologies. The user is rarely unique. One essential step in the beginning is identifying the variety of users once the final product in final environmental situation of use. From this state, professors' objective is to learn an optimal design process to students. It implies the knowledge of the users, the participation of experts from various disciplines, and the control of the technology used for rapid prototyping. In the paper, authors present an experimentation in the Technological Center of the Federal University of Paraiba (CT/UFPB), Brazil. This inter departments course was organized by three professors which allow groups of students to develop some AT products in optimal conditions.

Course Construction and objective

The main objectives of the course was the opportunity to meet professors and students from others disciplines in a design process context. The responsible of this course entitled "Metodologia de Projeto Multidisciplinar focado em Tecnologia Assistiva" ("Methodology of Multidisciplinary Project focused on Assistive Technology" in English) wanted to break disciplines barriers between departments.

During the three months duration of the course, all the participants share experiences with people from others departments during their product development process. This context is a necessity in AT development. Moreover, the rapid prototyping technology (FDM 3D-Printer) and one dedicated expert student were available every time in each step of the project. All the groups have one product to design and develop in relation with one or more users. Each group was constituted of several students and professors from different departments.

The methodological approach taught to students was a combination of UCD approach, iterative design, Scenario Based Design and tools from ergonomics like activity analysis. Moreover, to better understand the users' needs, the use of rapid prototyping was practically imposed.

Application: "Methodology of Multidisciplinary Project focused on Assistive Technology"

The initial proposal in building multidisciplinary teams to solve problems related to Assistive Technology was given by two professors from ergonomics and Industrial Engineering (CT/UFPB -Brazil) and one from Mechanical Engineer (Grenoble University -France).

This proposal of an exceptional course for all volunteers from the UFPB exceeds administrative barriers. The professors obtained agreements from many engineering departments, medical department and doctoral school. This allowed the concrete formations of heterogeneous group: level of formation and disciplines (Table 1). Five groups of 8 to 9 students were structured. The course was divided into 11 weeks. Each week should contain brief presentations on relevant topics to the projects (main workshops), and also interaction times in group. Each meeting lasted about 4 hours. At these meetings, the project groups should proceed with the project, according to the expertise of each participant in the group. All course participants were classified according to their graduation course. A balanced distribution between the groups was promoted. Groups have been constituted based on some criteria: project motivation, expertise, formation level, discipline. One of the main objectives of the course was achieved, the multidisciplinary. Unfortunately, each discipline could not be represented within the groups.

Before the first meeting, the students and professionals were invited to propose one product that could be developed. Projects have been chosen based on some criteria: presence and participation of user(s), possibility to prototype quickly, necessity of a multidisciplinary project team. Moreover, the unique focus was to design and develop an AT product. Many people showed demands that were already in development. Others brought unknown needs or not yet studied ones. As might be expected, the demands emerged, largely, from health professionals. At least one user participated to each design project. Some experts have been identified. They constitute the staff of the course. They have been defined not only because of their expertise maturity but also because of the lack of competencies compared to the number of projects. Their rules were to help all groups, depending of their needs. The areas of expertise are: ergonomics, quality, ethics, digital modeling and rapid prototyping. These weekly workshops have been mainly given by the defined experts. They served to leveling on some important issues in AT area. The first two workshops were giver by professors:

-Introduction of the course: Objectives, methodology, organisation, explanation of the workshops and the rules of the experts. Choice of the projects and the groups. -Presentation from professors of each department: design methodologies used with user's involvement or not, examples in AT or not. Others workshops have been presented to share knowledge in complementary areas. All along the design process and depending of the projects main phases, the experts proposed interventions about UCD iterative methodologies, activity analysis, quality, management, rapid prototyping and CAD software, patents, ethics and scientific valorisation. The activity analysis has been taught and practically directly applied on the situation case with the supervision of the ergonomics professor. The time management was in the responsible of each group and the first meeting with the health professional and the user have allowed to clarify the design goals.

Results

After the course, each group held a final presentation in which the projects objectives, the methods and techniques used in the product development and the experienced difficulties were described. Time was a factor that hampered the good development of some projects as well as the dependency on the users' participation. Some groups were dependent on the free times of observed users. However, all groups reached a result. Concepts of the product were designed and sometimes prototyped. All of them meet the objectives established initially. The table 2 shows the main results that have been observed and discussed between the professors responsible of the course. According to broad multidisciplinary construction of groups, different methodologies were followed. Techniques, tools and models were used according to the expert's areas or situations that were emerged. No patterns were required.

Prototypes were used by almost all groups. The used way was different between them. The 3D printer was not used by every groups. The projects needed an initial understanding of the relationship users have with the prototype. In the case of tracheostomy, the prototype had to be tested to various users in different situations. The choice of a prototype made of alternative materials was due to the need of transportability. The Sphero Soccer already has a part of the solution. What remained to be designed was the site for Sphero's use related to needs of disabled user. Thus, the choice of alternative materials was due to the paucity of ideas.

The groups in which there were more professionals in technical areas (Engineering and Design) followed more specific and detailed steps with more restrictive decision gates. It is noticed that the project progress to these groups was more linear than other groups that are using more iterative methodologies.

A learned lesson became apparent at all groups. Dealing with people from different areas in the same project is not simple. Specific phases are necessary to share tools and techniques from all the experts.

Observations and discussions

Two main profiles were identified for a better project progress: project management and health professional. Each group was independent and used tools and technics they need in their context. The negative feedbacks were about (1) the lack of time (10 weeks) to realise the project, (2) the poor anticipation with ethics comity for working with patients, (3) sometimes the number of members per group, (4) the difficulty to meet users from others departments and to organize others meetings during the week. The point highlighted was the presence of health professionals to interact with the user in the context of use. Despite of the difficulty to evaluate benefits for students, all of they effectively used learnt tools and experimented user interaction with prototypes and activity analysis.

Conclusion

To mix health professionals, disabled user, students and professors from different engineering departments and is a challenge. With the objective to teach interdisciplinary, applying design methods and using tools from various disciplines is essential. Moreover students' motivation is a key factor. Teaching on a real case to promote users' interactions can be and adequate context answering these criteria.

Table 1 .

 1 Participants list of the course.

	Discipline	Professors	Master thesis	Graduate	Graduated Total
			students	students		
	Industrial Engineering (IE)	02	09	06		17
	Mechanical Engineering (ME)			02		02
	Design (Des)	02	03	03		08
	Ocupacional Therapy (OT)	02	01			03
	Phisioterapy (Physio)	03	02	10		15
	Architecture (Archi)		01		01	02
	Informatics (Info)	01	01			02
	TOTAL	11	17	21	01	50

Table 2 .

 2 Projects' Main results.

	Product and Main goal	Methods and techniques used	Problems encountered
	Building device that performs	Activity Analysis.	The understanding was hard by
	the pressure measurement of	Direct observations in patients	technological experts. A previ-
	the cuff external steadily in pa-	underwent tracheostomy.	ous study about traqueostomy
	tient underwent tracheostomy	Prototyping with alternative	was required for engineers and