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Innovation in collaborative design: an exploratory study in hackathon

Collaborative design is the use of design practices which tend to favor the integration of different experts, and to support creativity and innovation. Therefore, in this study, we were particularly interested in the collabora-tive design tools used in the specific context of a pedagogical hackathon. During this event, 1310 engineering students mentored by professors and industrial experts worked on around 131 industrial projects. In this article, we will present our study of the tools put in place by the participants of these innovative projects according to their training. Our study is based on a collection of project data. We will show that storyboards are often used in projects that tend toward radical innovation. Moreover, these tools are used by groups who have not received specific training on using storyboards.

Introduction

'Today, we no longer reduce innovation to technology, it comes from everywhere and from everyone' [START_REF] Plos | Innovation, conception, handicap rôle de centres de ressources nationaux sur le handicap pour une logique d'innovation[END_REF]. Thus, innovation can come from new technological discoveries, new manufacturing processes, new uses, or new services. It can also come from end-users, early adopters, and integration of new expertise into the design team. Thus, bringing different perspectives on the issues raised: ergonomist, product designer, sociologist, anthropologist; ever denser multidisciplinary exchanges in design teams. This vision of innovation practices leads us to question the evolution of design practices. More precisely, we are interested in the question of the tools used by the design team to support product innovation, the communication, and the understanding between actors. Indeed, the major difficulty in collaborative design is the poor communication between the actors, linked to the specific language of each expert [START_REF] Macdonald | Bridging tools for human factors and design[END_REF]. Therefore, building common representations of the design issue [START_REF] Darses | Résolution collective des problèmes de conception[END_REF][START_REF] Jeantet | Les objets intermédiaires dans la conception. Éléments pour une sociologie des processus de conception[END_REF] is difficult. The efficiency of these representations must be facilitated by the tools used by the design team. To explore the tools used in the context of collaborative design, we are particularly interested in hackathons dedicated to students. 'The word hackathon is the combination of the words hack and marathon, where hack is used in the exploratory and investigative sense' [START_REF] Briscoe | Digital innovation: The Hackathon phenomenon[END_REF]. This type of event is now taking up more and more space in the ecosystem of innovation [START_REF] Aryana | Strategies for Empowering Collective Design[END_REF][START_REF] Perng | Hackathons, entrepreneurial life and the making of smart cities[END_REF]. The hackathon is an event where experts, students, and enthusiasts meet over a short period, usually a few days, and in a single location to collaborate on an innovative project. In our study, we focus on the specific context of hackathons dedicated to students. Which means that in our study, the teams are only composed by students. A hackathon is made up of many periods of intensive creativity and collaborative sessions around industrial issues [START_REF] Taylor | Everybody's hacking: Participation and the mainstreaming of hackathons[END_REF]. We choose to focus our research on tools that support collaborative design. However, we can identify the relationship between the tools used, the type of design problem [START_REF] Ullman | The mechanical design process[END_REF], and the composition of project team [START_REF] Denton | Multidisciplinary team-based project work: Planning factors[END_REF]. Moreover, these different factors can influence the efficiency of the team [START_REF] Ostergaard | Development of a systematic classification and taxonomy of collaborative design activities[END_REF]. In this case, we explore more specifically the relationship and the impact on project quality evaluated by professors between the tools used, the composition of the team, especially the presence or absence in the project team of engineering students trained in ergonomics and product design, and the type of design problem. This study should make it possible to propose guidelines for hackathon organizers. These guidelines will concern in particular the tools to be promoted to the participants in order to be in accordance with the type of projects.

For this purpose, we will first carry out a state-of-the-art study on collaborative design and the type of design problem. To explore this, we will study different typologies of innovation projects. In each part, we will focus on tools used to support the work of the design team. In a second section, we will carry out an analysis of the tools used by engineering students during a hackathon, according to the specificities of their training. The focus of the hackathon was on a variety of innovative projects. We will conclude with a discussion of our results.

State of the art

Collaborative design and tools

As mentioned by Ostergaard, Aoussat, and Sagot and their colleagues, collaborative design questions the composition of the project team and the tools used [START_REF] Aoussat | The new product design -a transverse approach[END_REF][START_REF] Ostergaard | Development of a systematic classification and taxonomy of collaborative design activities[END_REF][START_REF] Sagot | Ergonomics in product design: Safety factor[END_REF]. Aoussat et al. define design as 'a horizontal discipline' with meeting points between different disciplines [START_REF] Aoussat | The new product design -a transverse approach[END_REF]. Thus, for Aoussat et al., a design team is the collaboration between actors from different disciplines: classical technical disciplines of engineering sciences (mechanics, computer science, etc.) and by other disciplines, product design, ergonomics, anthropology; so-called 'Link' disciplines.

Consequently, as illustrated in Table 1, specific tools and methodologies for classical technical disciplines of engineering sciences and for Link disciplines are not the same. The specific tools for technical experts can be, for example [START_REF] Altshuller | And suddenly the inventor appeared: TRIZ, the theory of inventive problem Solving[END_REF][START_REF] Nf En | Management de la valeur -Termes et définitions[END_REF][START_REF] Nf En | Management de la valeur -Termes et définitions[END_REF][START_REF] Zehtaban | Systematic functional analysis methods for design retrieval and documentation[END_REF]):

• functional analysis tools/methodology; • technical documentation (calculation, sizing, etc.);

• planning tools/methodology (GANTT, SADT, etc.); • benchmarking;

• technical creativity tools/methodology (FAST, TRIZ, etc.);

• etc.

The specific tools and methodologies for Link disciplines can be:

• analysis tools for ergonomists or anthropologists (questionnaires, interviews, observation, etc.); • image boards, sketch boards, or storyboarding, and so on (Carroll, 2000a;[START_REF] Martin | méthodes de design[END_REF] for product designers and ergonomists.

Some tools and methodologies are used by all the disciplines such as [START_REF] Buzan | The Mind Map Book[END_REF][START_REF] Martin | méthodes de design[END_REF][START_REF] Osborn | Applied imagination, principles and procedures of creative thinking[END_REF]):

• bibliographic research;

• brainstorming and mind mapping;

• idea forms;

• etc.

Innovation and tools

Ostergaard and Summers proposed a collaborative design taxonomy where the type and the stage of the design problem can impact the collaborative design [START_REF] Ostergaard | Development of a systematic classification and taxonomy of collaborative design activities[END_REF]. More precisely, based on [START_REF] Pahl | Engineering design, A systematic approach[END_REF] and [START_REF] Ullman | The mechanical design process[END_REF], Ostergaard and Summers proposed to define novel or routine design problems [START_REF] Ostergaard | Development of a systematic classification and taxonomy of collaborative design activities[END_REF]. We can generalize this approach and consider that a design problem is linked with the degree, nature, or the drivers of innovation. There is a large number of definitions of innovation [START_REF] Boly | Ingénierie de l'innovation[END_REF][START_REF] Freeman | The nature of innovation and the evolution of the productive system[END_REF]OECD, 2005;[START_REF] Schumpeter | Business cycles: A theoretical, historical, and statistical analysis of the capitalist process[END_REF][START_REF] Utterback | A dynamic model of process and product innovation[END_REF]. These definitions highlight that innovation can be understood both as the result of placement on the market and the acceptance by the market of an invention, but also as the process by which this placing on the market is achieved. Consequently, innovation could be described according to different typologies [START_REF] Boly | Ingénierie de l'innovation[END_REF][START_REF] Lacom | Proposal of an innovation framework in an international manufacturing company[END_REF]: by the nature or degree of innovation, when it produces results and by the drivers of innovation, or the strategy when it comes to process. The nature of innovation [START_REF] Boly | Ingénierie de l'innovation[END_REF][START_REF] Cooper | The dimensions of industrial new product success and failure[END_REF][START_REF] Garcia | A critical look at technological innovation typology and innovativeness terminology: A literature review[END_REF][START_REF] Schumpeter | Business cycles: A theoretical, historical, and statistical analysis of the capitalist process[END_REF] represents the object of innovation. We have decided to retain, the more recent and commonly used four categories proposed by OECD ( 2005): (i) product innovation, which refers to the introduction of goods or services, (ii) process, (iii) marketing, and (iv) organizational innovation. In this article, we have focused on product innovation which corresponds to the industrial subject explored in our study area.

In the same way, different authors focused on the degree of innovation [START_REF] Abernathy | Innovation: Mapping the winds of creative destruction[END_REF][START_REF] Balachandra | Factors for success in R&D projects and new product innovation: A contextual framework[END_REF][START_REF] Garcia | A critical look at technological innovation typology and innovativeness terminology: A literature review[END_REF][START_REF] Henderson | Architectural innovation: The reconfiguration of existing product technologies and the failure of established firms[END_REF][START_REF] Norman | Incremental and radical innovation: Design research vs. technology and meaning change[END_REF][START_REF] O'connor | Market learning and radical innovation: A cross case comparison of eight radical innovation projects[END_REF], which is the level of novelty of innovation. We have retained the classification of Garcia and Calantone that are the most used in companies [START_REF] Garcia | A critical look at technological innovation typology and innovativeness terminology: A literature review[END_REF] presented in Table 2. They proposed a classification based on five levels:

• (i) radical innovation, which corresponds to the appearance of a new technology implying a new market; • (ii) really new innovation, which refers to the commercialization of a new product in an existing market or vice-versa; • (iii) discontinuous innovation, which corresponds to the improvement of an existing product (performance, cost, etc.);

• (iv) incremental innovation, which corresponds to the improvement of an existing technology; • (v) imitative innovation, which corresponds to the expansion of the product range proposed by the company.

This classification of [START_REF] Garcia | A critical look at technological innovation typology and innovativeness terminology: A literature review[END_REF] is particularly relevant but difficult to apply for classifying projects during the first steps of the design process. Indeed, only a fine comparison between the results of the innovation process and the existing products can allow the application of this classification. During a hackathon, the results obtained remain partial; they are the first concepts and ideas reached during the first step of the product design process. Therefore, we propose to retain the notion of desired innovation trends and, based on the works of [START_REF] Balachandra | Factors for success in R&D projects and new product innovation: A contextual framework[END_REF], to retain only two levels of innovation: radical vs. incremental innovation trends, which are easier to evaluate when dealing with first concepts and ideas (Table 2 -in bold).

Finally, the driving force or the innovation strategy [START_REF] Bisgaard | Creating new concepts, products and services with user driven innovation[END_REF][START_REF] Buisine | L'innovation radicale par la méthode de l'utilisateur extraordinaire[END_REF]Nordic Council of Ministers, 2006) corresponds to the source that drives the innovation process. [START_REF] Bisgaard | Creating new concepts, products and services with user driven innovation[END_REF] define three types of strategies: price, technology, or user-driven innovations. In this article, we have focused on user-driven innovation and technology driven innovation (Table 2 -in bold). Some authors [START_REF] Bisgaard | Creating new concepts, products and services with user driven innovation[END_REF][START_REF] Buisine | L'innovation radicale par la méthode de l'utilisateur extraordinaire[END_REF][START_REF] Hidalgo | Innovation management techniques and tools: A review from theory and practice[END_REF][START_REF] Lacom | Proposal of an innovation framework in an international manufacturing company[END_REF][START_REF] Van Kleef | Consumer research in the early stages of new product development: A critical review of methods and techniques[END_REF] propose studies about methods or tools that could support the innovation process. However, these tools are often linked with a discipline: for example, management [START_REF] Hidalgo | Innovation management techniques and tools: A review from theory and practice[END_REF], or design [START_REF] Bisgaard | Creating new concepts, products and services with user driven innovation[END_REF][START_REF] Buisine | L'innovation radicale par la méthode de l'utilisateur extraordinaire[END_REF]. Moreover, Ostergaard and Summers show the relationship between type and complexity of design problem, and expertise of team [START_REF] Ostergaard | Development of a systematic classification and taxonomy of collaborative design activities[END_REF]. In a hackathon context, we propose to explore the tools used by a design team depending on the expertise of the actors, the type of design problem and their consequence on project quality. In our case, the type of design problem is the nature of the desired innovation.

Research hypothesis

Therefore, in this study, our goal is to explore which tools can be used in the context of collaborative design in a hackathon environment and the impact on the quality of project. To study the specific tools used depending on disciplines, we explore the tools used specific to students with training in technical disciplines or the tools used by students with 'Link' disciplines training. More precisely, we study how the use of tools may change depending on the type of design problem or on the type of innovation and the background of the students. We also studied the impact of this variable on project quality.

We must explore several hypotheses:

• H1: The tools used are dependent on student background. The 'Link' disciplines tools should be used mainly by the students with a technical background and trained in ergonomics and product design. The technical tools should be used by the students with only a technical background.

Table 2. Innovation typology classification projects [START_REF] Bisgaard | Creating new concepts, products and services with user driven innovation[END_REF][START_REF] Garcia | A critical look at technological innovation typology and innovativeness terminology: A literature review[END_REF].

Innovation strategy [START_REF] Bisgaard | Creating new concepts, products and services with user driven innovation[END_REF] User driven innovation Driven by technology Driven by price Degree of innovation [START_REF] Garcia | A critical look at technological innovation typology and innovativeness terminology: A literature review[END_REF] • H2: The tools used are dependent on the type of design project and innovation desired.

Technological projects should preferentially use tools from technological disciplines. Projects with an innovation scope linked with user should preferentially use tools from 'Link' disciplines. For this hypothesis, we will have a particular focus on each of the 'Link' tools.

• H3: The tools used according to the typologies of project will impact the quality of the project. A 'user driven innovation' project using 'Link' tools will get a good evaluation by professors, the same for 'technology driven innovation' project associated with technical tools. In this way, projects using neither of these two types of tools -only multidisciplinary toolswill get a poorer evaluation.

Material and methods

Context of the study and protocol

We are interested in the Innovation Crunch Time (Figure 1), a pedagogical hackathon, mandatory for all engineering students, that was held from the 22 nd to 24 th of May 2017 at the University of Technology of Belfort-Montbéliard (UTBM).

During the hackathon, 1600 engineering students, mentored by professors and industrial experts, created around 160 projects. Among these 160 projects, industrial companies ranging from start-ups to multinationals led 131 projects. The 29 projects that we do not deal with were not proposed by institutions or associations. Therefore, only these 131 industrial projects were included in this study. For example, we consider projects such as 'How to improve our process of metal forming for the project A' or 'Imagine the mobility of tomorrow: horizon 2050'. The project teams were made up of 10 students from all the UTBM engineering programs: 'Mechanical', 'Mechanical and Ergonomics', 'Industrial systems', 'Energy', 'Computer Sciences'. Students were random assigned by the organizers to the different projects. Each team is frozen and includes, at most two engineering students of 'Mechanical and Ergonomics' programs trained in ergonomic and product design methodologies and tools. The eight other students are not trained in ergonomic and product design tools. So, some teams do not include student trained in ergonomic and product design methodologies and tools. The Innovation Crunch Time took place in an open space, far from the university environment. The project teams were free and autonomous in their organization and in the accomplishment of the tasks related to the project.

We sought to understand the tools used by engineering students during the hackathon. For this, we collected all the physical project data and documents created during the event. The number of simultaneous projects being important (131 projects), the project actors had to keep their own records of their activities. A physical logbook [START_REF] Martin | méthodes de design[END_REF], a booklet and a folder were then made available to each group to note, copy and collect all of the project activities during the hackathon. Thus, the students had to make a note themselves, for each activity, the methods and tools used without being informed of the classification used for our study. The students did not note the result of their works, they noted the description of their activities and the tools used. Each group had to reference each document made, each draft, with the name of the project, the date of document creation and its author(s). Then, we analyzed the data and documents collected by listing for each project the different tools used by the students. After the event, we recorded in the logbook (booklet and folder) the used tools that were cited and collected by students.

Variables studied

To analyze the tools used by the students, depending on their training, the type of the project and the impact on its evaluation, we studied several criteria:

• Innovation classification of the project (1): for the innovation strategy [START_REF] Bisgaard | Creating new concepts, products and services with user driven innovation[END_REF], we have retained two dimensions: user vs technology driven innovation.

For the degree of innovation [START_REF] Balachandra | Factors for success in R&D projects and new product innovation: A contextual framework[END_REF], we have retained two-dimensional radical vs. incremental innovation. Thus, we obtained four categories (Table 3 -line ( 1)) which express a trend in what should be the typology of innovation of the finalized product. We ranked, each project in these categories thanks to a brief given by the industrialists before the event.

Specifically used tool (2): we have identified tools used during the hackathon and have created a variable for each tool used during the hackathon (Table 3 -line (2)). We built this variable according to the Tool categories presented in Table 1. For example, for studying the use of storyboard, we use this variable noted as 2_Storyboard. We constructed this variable using data collected during the hackathon.

Combination of tools used by the project team (3):

Thanks to the study of the variable Specific used tool (2), we identified and ranked tools from technical disciplines (Tech Tools), tools from ergonomics and product design called the 'Link' tools (Link Tools) and multidisciplinary tools used by all disciplines (Multi Tools) (Table 3 -line (3)). Each project team used at least Multi tools during the hackathon. Depending on the project team, Tech Tools and/or Link Tools could also be used.

Students trained in ergonomics and product design tools (4): For each group of students, we studied the constitution of the group, proposed by the organizing team, and the presence or absence of engineering students of 'Mechanical and Ergonomics' trained in ergonomics and in product design tools (Table 3 -line ( 4)).

Evaluation of the project (5): A few days after the event, two professors evaluated the deliverables of the team: a poster and a video pitch of 180 seconds. The scores were processed in accordance with the ECTS allocation rules (Europäische Kommission, 2015): A (the top 10%), B (the next 25%), C (the next 30%), D (the next 25%), E (the 10% worst performers). In our study, we proposed to simplify into three levels of classification: 'Good result' for A and B, 'Intermediate result' for C and 'Low result' for D and E (Table 3 -line ( 5)). We just performed a pedagogical evaluation of the project. Indeed, it is really difficult to evaluate the quality of the proposed solution at this step of the design process. To remember, the results of the hackathon are the first concepts and ideas reached during the first step of the product design process. They are not a guarantee of levels of innovation but of innovation trends. All the classifications concerning the projects, the team repartition, and the tools of this study could be done only after the event, the projects being made available only after the event.

Results

In this section, we detail the results depending on each hypothesis.

For the first time, we identify the different tools used. Note that each group could use several tools during the project depending on their needs. The analysis of the overall distribution of tools used shows that: 120 groups (91.6%) used idea forms. One hundred and thirteen groups (86.2%) used brainstorming and mind mapping. Eighty-eight groups (67.2%) carried out bibliographic research. Seventy groups (53.4%) used technical documentation (calculation, sizing, etc.) or CAD. Sixty-four groups (48.8%) performed external and internal functional analyses. Thirty-five groups (26.7%) produced presentation sketch boards. Twenty-six groups (19.8%) used storyboards. Twenty-four groups (18.3%) performed benchmarks. Thirteen groups (9.9%) used planning tools/methodology (GANTT, SADT, etc.). Twelve groups (9.1%) used technical creativity tools/ methodology (FAST, TRIZ, etc.). Eleven groups (8.4%) used matrices of choice. Ten groups (7.6%) used a variety of analysis tools (survey, etc.). Finally, three groups (2.3%) used image boards. This distribution is shown in Figure 2.

Therefore, during the hackathon students used a range of 13 tools. In the following section of our study, we have sought to understand by whom and in which projects these tools were used. To do so, we focus on the tools used in at least 10% of the projects studied. This choice eliminates planning tools or methodology, technical creativity tools or methodology, matrices of choice, analysis tools, and finally image boards.

Each remaining tool, according to an analysis of the literature (Table 1), is classified according to the disciplinary fields where they are most frequently used. Thus, the tools 'external or internal functional analysis, benchmarking, technical documentation, CAD, etc.' are 'Technical tools', the tools 'sketch board and storyboarding' are 'Link tools' and the tools 'bibliographic research, brainstorming, mind mapping and idea forms' are 'Multidisciplinary Tool'.

By analyzing the distribution of the three categories of tools across the 131 project groups, we found that 107 project groups (81.7%) used Tech Tools and 52 project groups (39.7%) used Link Tools. In addition, all of the 131 groups (100%) used Multi Tools. No group used only Tech Tools or Link Tools. Multi tools are generic and classic tools for innovation projects and so used by all project teams. To keep the notion of the plurality of tools used, we built a variable taking into consideration the different possible combinations: 'Combination of tools used by the project team (3)'.

Thanks to this first descriptive analysis, we can focus on our first hypothesis: the tools used are linked with student background. Thus, the Link tools should be used mainly by the engineering students trained to ergonomics and product design and the technical tools should be used by the students with a technical background. To verify this hypothesis, we calculate a chi-square between 'Combination of tools used by the project team (3)' and 'Students trained in ergonomics and product design tools (4)'.

No significant difference can be identified with a chi-square [χ2 (3) = 2.91; p > 0.05]. The absence or presence of students with a training in ergonomics or product design does not have an influence on the tools they used. Moreover, we can observe that in the 52 groups that used Link Tools with Multi tools or with Multi tools and Tech tools, 34 groups (65.4%) did not have members trained in these Link tools. The descriptive results are presented in Figure 3 andTable 4.

We study our second hypothesis: the tools used are dependent on the innovation classification of projects. Thus, technological projects should preferentially use tools from technological disciplines. Projects with a high use value should preferentially use tools from 'Link' disciplines. We will have a particular focus on each of the 'Link' tools. We used a chi-square between the 'innovation classification of the project (1)' and the 'combinations of tools used by the project team (3)'. This analysis is illustrated in Figure 4 and results are presented in Table 5; it shows a significant difference in the different innovation classification of projects and the use of different combinations of tools [χ2 (9) = 21.04; p ≤ 0.05].

This analysis shows that in the 15 User Rad projects, 10 project groups (66.7%) used the combination of the three tools (Multi Tools and Link Tools and Tech Tools). A post-hoc test based on Bonferroni correction highlights that this User Rad projects group is statically different from the other groups in this distribution (p = 0.003). Indeed, in User Rad projects, the use of combination of Tech, Link and Multi tools is more frequent (66.7%) than in the other projects. The combination of Multi Tools and Tech Tools was also used by 20% of groups. The two other combinations were, however, not very well represented (6.7%). Three project groups out of eight Tech Rad project groups (37.1%) used the combination of the three tools (Multi Tools and Link Tools and Tech Tools) and the same (37.1%) for the combination of Multi Tools and Tech Tools. The combination Multi Tools was also used by 25.6% of groups. The other combination was not represented. Post-hoc tests do not show significant results. Forty-eight project groups out of 82 Tech Inc project groups (58.5%) used a combination of Multi Tools and Tech Tools. Twenty-one project groups (25.8%) used the combination of the three tools (Multi Tools and Link Tools and Tech Tools). Ten project groups out of 26 User Inc project groups, (38.5%) used a combination of Multi Tools and Tech Tools and nine project groups (34.6%) used the combination of the three tools (Multi Tools and Link Tools and Tech Tools).

More specifically, we used a chi-square between the 'innovation classification of the project (1)' and the 'link tools used by the project team (3)'. In this analysis, we do not consider the other types of tools used. This analysis is illustrated in Figure 5 and results are presented in Table 6; it shows a significant difference in the different innovation classification of projects and the use of the link tools [χ2 (3) = 13.01; p ≤ 0.05].

This analysis shows that 11 project groups out of 15 User Rad projects (73.3%) used the Link Tools. A post-hoc test based on Bonferroni correction highlights that this User Rad projects group is statically different from other groups in this distribution (p = 0.004). Indeed, in User Rad projects, the use of Link tools is more frequent than in the other projects. Three project groups out of eight Tech Rad projects groups (37.5%) used the Link Tools. Post-hoc tests do not show significant results. Only 24 project groups out of 82 Tech Inc project groups (29.3%) used the Link Tools. Posthoc tests show that this result is significant (p = 0.001). This result shows that the majority of Tech Inc projects did not use the Link Tools. Fourteen project groups 26 User Inc project groups (53.9%) used the Link Tools. Post-hoc tests do not show significant results. By focusing on the tools of engineering students with knowledge of ergonomics and product design (Link Tools), we found that of all project groups, 52 out of 131 (39.7%) used tools of this type. More specifically, in User Rad projects, 11 of 15 project groups (73.3%) used Link Tools. In User Inc projects, 14 out of 28 project groups (53.5%) used Link Tools. In Tech Rad projects, three out of eight project groups (37.5%) and in Tech Inc projects, 24 out of 84 project groups (28.6%) used Link Tools.

In the rest of our analysis, we focused more particularly on the Link Tools used during the hackathon, that are sketch boards and storyboards. For this purpose, we did two cross analyses between the innovation classification of the project and whether these tools were used or not by the project team. We used a first chi-square between the innovation classification of the project (1) and the number of uses of presentation sketch boards (2_sketch) by the project groups. The analysis does not show a significant difference in the different innovation classifications of projects and the use of presentation sketch boards [χ2 (3) = 6.63; p > 0.05]. The tool seemed to be well used by all the groups.

We used a second chi-square between the innovation classification of the project (1) and the number of uses of storyboards (2_Storyboard) by the project groups. The analysis shows a significant difference in the different typologies of projects and the use of storyboards [χ2 (3) = 16.37; p ≤ 0.05].

We note, as illustrated in Figure 6, that of all the 131 project groups, 26 groups (19.8%) used storyboards. The post-hoc analysis shows a significant result for User Rad projects (p < 0.001). For 15 projects, eight groups (53.3%) used storyboards. In the eight Tech Rad projects groups, three 7.

Our analysis of the Link Tools shows that storyboards seem to be the tool the most widely used in User Rad projects.

To finish this study, we explore our third hypothesis: the tools used according to the typologies of project will impact the evaluation of the project. We carry out a chi-square analysis between the evaluation of the project (5) and the combination of tools used by the project team (3).

This analysis is illustrated in Table 8 and Figure 7; it shows a significant difference in the different tools used and the note obtained by the team [χ2 (6) = 14.25; p ≤ 0.05]. This difference is linked with the fact that a majority of groups (66.7%) which used only Multi Tools had low results. Therefore, this analysis shows that the use of only the multidisciplinary tools seems to lead to a low result for the project. If we focused our analysis on the link between the use of Link Tools and the evaluation, the chi-square does not show significant differences of evaluation between the students using link tools and the others [χ2 (2) = 3.47; p > 0.05].

Discussion and conclusion

In this article, we were particularly interested in the tools used by students and the impact on the quality of the project depending on students' background in different disciplines of design in product innovation projects. We performed this study in the context of collaborative design.

During a hackathon, we studied the influence of the product innovation projects on the use of tools by the design teams. More specifically, we focused on specific tools used by ergonomists and product designers. The studied hackathon brought together 131 projects in an industrial partnership and 1310 students. Our study allowed many points to be highlighted. Concerning our first hypothesis: the tools used are dependent on students' background. The 'Link' discipline tools should be used mainly by the students with a technical background and trained in ergonomics and product design. The technical tools should be used by the students with only a technical background. This first hypothesis is invalidated. Indeed, the absence or presence of students with a training in ergonomics or product design does not have an influence on the used tools. Link Tools were fairly well represented during the event in all project groups made up of students from a wide range of engineering fields, even in the teams that did not have students trained in these Link tools. It is important to remember that the students trained in Link tools are not in majority for this event. Thus, we can conclude that Link tools used during the hackathon -storyboard and sketch board -can be used easily by all disciplines. This first conclusion is very relevant to interdisciplinary and multidisciplinary project managers and for organizers of a hackathon. The storyboard seems to be a relevant tool usable by all disciplines. The storyboard supports a user-centered design [START_REF] Atasoy | Crafting User Experiences by Incorporating Dramaturgical Techniques of Storytelling[END_REF][START_REF] Lallemand | Méthodes de design UX: 30 méthodes fondamentales pour concevoir et évaluer les systèmes interactifs[END_REF][START_REF] Martin | méthodes de design[END_REF][START_REF] Truong | Storyboarding: An empirical determination of best practices and effective guidelines[END_REF] and so its use can help laymen to consider the user. Therefore, the use of this tool can be recommended as a guideline for the hackathon organizer. However, these results can be qualified. Indeed, it could be linked to the participants of the hackathon: engineering students. It could be relevant to conduct experimentation with experts -product designers, ergonomists or engineers -involved in a hackathon to observe more precisely the tools used. Our second hypothesis is that the tools used are dependent on the type of design project and desired innovation. Technological projects should preferentially use tools from technological disciplines, whereas projects with an innovation scope linked with user should preferentially use tools from 'Link' disciplines. This hypothesis is verified. Indeed, our results show that link tools are mainly used by user radical innovation projects. Moreover, storyboards seem to be the most widely used tool in projects with a user-driven radical innovation. This result is coherent with the commonly used storyboards, often used in user-centered design [START_REF] Carroll | Making use: Scenario-based design of human-computer interactions[END_REF]. Indeed, the storyboard aims to represent the interaction between the product and its user [START_REF] Arhippainen | Empirical evaluation of user experience in two adaptive mobile application prototypes[END_REF]Carroll, 2011;[START_REF] Lallemand | Méthodes de design UX: 30 méthodes fondamentales pour concevoir et évaluer les systèmes interactifs[END_REF][START_REF] Martin | méthodes de design[END_REF][START_REF] Patton | Le story mapping: Visualisez vos user stories pour développer le bon produit[END_REF][START_REF] Truong | Storyboarding: An empirical determination of best practices and effective guidelines[END_REF] and created empathy (Carroll, 2000a;[START_REF] Martin | méthodes de design[END_REF][START_REF] Truong | Storyboarding: An empirical determination of best practices and effective guidelines[END_REF]. Link tools are then combined with other combinations of tools, technical tools, and/or multidisciplinary tools. These observations are in line with the intrinsically multidisciplinary character of the design process [START_REF] Charrier | Ergonomie et design dans une démarche de conception de produits centrée sur les besoins des personnes[END_REF]ISO 9241-210, 2019;[START_REF] Keates | Countering design exclusion: Bridging the gap between usability and accessibility[END_REF][START_REF] Mao | The state of user-centered design practice[END_REF][START_REF] Nelson | Contribution à l'analyse prospective des usages dans les projets d'innovation[END_REF], especially in collaborative design, where the tools used depend on the project groups formed. In design practices, to facilitate collaboration, the actors used intermediary objects, defined as communication media representing the future product between the different project-actors. They may be intangible (numerical models, databases, etc.) or material (technical drawings, physical models, etc.;[START_REF] Jeantet | Les objets intermédiaires dans la conception. Éléments pour une sociologie des processus de conception[END_REF][START_REF] Mer | Les objets intermédiaires de la conception: Modélisation et communication[END_REF][START_REF] Vinck | De l'objet intermédiaire à l'objet-frontière, abstract: From intermediary object towards boundaryobject. Accounting for the work of equipment[END_REF]. They allow all members of the design team to transmit information and physically translate their ideas [START_REF] Bassereau | Les objets intermédiaires de conception/design, instruments d'une recherche par le design[END_REF]. With this point of view, storyboarding and its use should not be considered as a discipline-specific tool but rather as a tool for collaboration. Consequently, the storyboard seems to be a relevant tool to support collaborative design in a hackathon context. With this point of view, it could be interesting to recommend to the hackathon organizer to present this tool to all the participants. Indeed, this tool, whether known or not, seems to meet the needs of the participants. And finally, our third hypothesis was that the tools used according to the typologies of project will impact the quality of the project. A 'user driven innovation' project using 'Link' tools will get a good evaluation, the same for a 'technology driven innovation' project associated with technical tools. In this way, projects using neither of these two types of tools (using only multidisciplinary tools) will get a poorer evaluation. We can conclude that our third hypothesis has been partially validated. Indeed, we found that the use of exclusively multidisciplinary tools seems to lead to a low pedagogical result for the project. This result shows that effective collaboration must be based on tools specific to the different disciplinary fields. Collaborative design needs to work with the tools of all the disciplines to keep the expertise of each discipline and allow a high level of performance [START_REF] Barré | Persona logical thinking: Improving requirements elicitation for multidisciplinary teams[END_REF]. In a hackathon context, this result shows the need to promote the multiplicity and diversity of the tools used by the project team. With this in mind, we recommend that the hackathon organizer to build a specific toolbox. This toolbox has to bring together a large variety of tools and methodologies around the storyboarding. It could be interesting to mix a variety of multidisciplinary tools with discipline-specific tools, even in teams composed by non-experts.

Collaboration should lead to the mobilization of all skills, tools, or methodologies.

Our results raise other questions. Indeed, Ostergaard and Summers proposed a collaborative design taxonomy in which the type and stage of the design problem can impact the collaborative design [START_REF] Ostergaard | Development of a systematic classification and taxonomy of collaborative design activities[END_REF]. Our results show that this classification is not sufficient. In our study, we have chosen to study four typologies for product innovation projects (depending on driver, user or technology -and/or degree -incremental or radical). These four typologies can be criticized. Indeed, for [START_REF] Verganti | Design-driven innovation: Changing the rules of competition by radically innovating what things mean[END_REF] and for [START_REF] Norman | Incremental and radical innovation: Design research vs. technology and meaning change[END_REF], a user-centered approach is not relevant for radical innovation and can promote only incremental innovations. Thus, this classification, which is operational, makes it possible to focus both on the objectives in terms of innovation driven and on the level of innovation targeted. In the specific context of a hackathon, the concepts and ideas produced at the end of the event are not always detailed or finalized. Therefore, it is difficult to precisely quantify and qualify the level of innovation of a subject, a concept, or an idea. However, in this case, our classification is based on the innovation objectives desired by the industrial leader of the project and does not necessarily reflect the results obtained.

Many industries are looking for both radical and user-centered innovations that correspond to current societal trends [START_REF] Gassmann | The future of open innovation[END_REF][START_REF] Mcdermott | Managing radical innovation: An overview of emergent strategy issues[END_REF][START_REF] Hippel | Democratizing innovation: The evolving phenomenon of user innovation[END_REF]. In the light of Norman and Verganti's work, it is very likely that the final result of the project does not meet both radical innovation and user-centered innovation criteria. Nevertheless, this corresponds to industrial objectives. The criteria 'nature, degrees and driving force' of innovation characterize the finished product, but they can not only be objectivized in the upstream phases of the innovation process. Therefore, we can query if they are sufficient to characterize an innovation project in its first phases. Thus, in the early phases of the project, it may be preferable to qualify the project in terms of our proposition of classification.

Another question raised by our result is linked to the specific context of a hackathon. During the hackathon, students used tools that support collaborative design without regard for disciplines. Fleischmann and his colleagues highlighted the lack of boundaries between the disciplines in this specific context [START_REF] Fleischmann | Making things in Fab Labs: A case study on sustainability and co-creation[END_REF].

This observation is coherent with the works of Troxler about 'Make' methods, traditionally used in hackathons. These methods involve 'moving away from the traditional multidisciplinary and time-consuming approaches [common in engineering], to adopting a fast, interdisciplinary and iterative approach' [START_REF] Troxler | Quelle est la vocation d'un Fab Lab ? FabLab -La révolution Est En Marche[END_REF]. Consequently, we will particularly retain the importance of the hackathon as a pedagogical exercise to support the learning of collaborative and innovative practices as proposed by Schön and his colleagues [START_REF] Schön | The maker movement. Implications of new digital gadgets, fabrication tools and spaces for creative learning and teaching[END_REF]. Before the conclusion of this discussion, we highlight few limitations of our work. Our study was conducted using a collection of data made by students. Moreover, given the scale of the event, we only had access to written project data. This data collection methodology gave us access to only a part of the project data and did not allow us to carry out an exhaustive study. Therefore, we can only wonder what the impact of our protocol is on our results. For example, the motivation of students to complete the support of data collection was not the same in all the teams. The detailed analysis of the data shows that some teams did not carry out this task seriously. In the same way, the absenteeism of students, or the lack of involvement in projects, may have modified the composition of teams. Moreover, the final result of project was often confidential, and we have not been able to study it. In this large-scale study, we explored a number of promising hypotheses. In order to pursue this line of study further, it would be particularly interesting to investigate a smaller number of teams with no confidential subject matter, allowing for more detailed data and results collection.

To conclude, from a theoretical point of view, the interest of our work is a classification of design projects strongly inspired by the work on innovation, which allows us to better categorize design practices according to the desired results, in terms of innovation. Our work can also lead to the implementation of guidelines for hackathon organizers.

From the particular context of hackathons, our work highlights the relevance of supporting the use of storyboards. Indeed, they are easily usable, without the requirement of any discipline-specific background. It is also interesting to mix a wide variety of multi-disciplinary tools with disciplinespecific tools. Indeed, restricting oneself to purely multidisciplinary tools leads to poor quality results.
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 1 Figure 1. Innovation Crunch Time (2017).
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 3 Figure 3. Distribution of the combination of tools used by the project team (2) according to presence or absence of students trained in ergonomics and product design tools (4).
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 4 Figure 4. Distribution of the use of tool combinations (3) according to innovation classification of the project (1).
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 5 Figure 5. Distribution of the use of link tool (3) according to innovation classification of the project (1).
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 6 Figure 6. Distribution of the use of storyboards (2_Storyboard) according to the innovation classification of the project (1).
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 7 Figure 7. Distribution of the note obtained by the team (5) according to the combination of tools used by the project team (3).

Table 1 .

 1 Classification of tools with some examples of tools used during the Hackathon by the students.

	Tool/Methodology Categories accord-		Tools and methodologies used in
	ing to discipline	Examples of tools and methodologies	the study: Yes/No
	Tech Tools: Technical Tool	External/internal functional analysis	Yes
	The specific tools for technical experts	Benchmarking	Yes
		Technical documentation, CAD, Calculation, etc.	Yes
		GANTT, SADT	No
		Technical creativity tools and methodology (FAST,	No
		TRIZ, Matrices of choice, etc.)	
	Link Tools: Link Tool	Questionnaires, Interviews, Observations, etc.	No
	The specific tools and methodologies	Image Boards	No
	for Link disciplines	Sketch board	Yes
		Storyboarding	Yes
	Multi Tools: Multidisciplinary Tool	Bibliographic research	Yes
	The tools and methodologies are used	Brainstorming, mind mapping	Yes
	by all the disciplines	Idea forms	Yes

Table 3 .

 3 Variables used in the study.

	Variables	
	Innovation classification of the project (1)	User + Radical (User Rad)
		User + Incremental (User Inc)
		Technology + Radical (Tech Rad)
		Technology + Incremental (Tech Inc)
	Specific Used tool (2) -Variable created for each tool used	Specific Tool used (Use)
	during the hackathon	Specific Tool not used (NUse)
	Combination of tools used by the project team (3)	Multidisciplinary tools (Multi Tools)
		Multidisciplinary + Ergonomics and Product Design tools
		(Multi Tools + Link Tools)
		Multidisciplinary + Technical tools
		(Multi Tools + Tech Tools)
		Multidisciplinary + Ergonomics and Product Design +
		Technical tools
		(Multi Tools + Link Tools + Tech Tools)
	Students trained in ergonomics and product design tools (4) Presence of student(s) (Pres)
		Absence of student(s) (Abs)
	Evaluation of the project (5)	Good result (A + B)
		Intermediate result (C)
		Low result (D + E)

used in the 131 projects studied Figure

  

				Tools									
	100.0%													
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	, D A C , n o i t a t n e m u c o d l a c i n h c e	etc.	functional analyses tools	benchmarking	planning tools	technical creativity tools	matrices of choice	presentation sketch boards	storyboarding	analysis tools	image boards	idea forms	brainstorming,mind mapping	bibliographic research
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			Tech Tools: Technical Tool		Link Tools: Link Tool	Multi Tools:
												Multidisciplinary
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2. Percentage of tools used in the 131 projects studied.

Table 4 .

 4 Descriptive results of chi-square between 'combination of tools used by the project team (3)' and 'Students trained in ergonomics and product design tools (4)' -Insignificant statistical results are not detailed.

	Students trained in
	ergonomics and product
	design tools (4)
	Abs	Pres

Table 5 .

 5 Descriptive and statistical results of chi-square between 'Innovation classification of the project (1)' and 'Combination of tools used by the project team (3)' -p value for post-hoc test

	(Bonferroni Correction) p ≤ 0.003.

Table 6 .

 6 Descriptive and statistical results of chi-square between 'Innovation classification of the project (1)' and 'Link tools used by the project team (3)' -focus on link tools used by the project team-p value for post-hoc test (Bonferroni Correction) p ≤ 0.006.

	Combination of tools used by the project
	team (3) -Focus on Link tools used by the
	project team
	Link tools not used	Link tools used

Table 7 .

 7 Descriptive and statistical results of chi-square between 'Innovation classification of the project (1)' and 'Use of Storyboarding (2_Storyboard)' -p value for post-hoc test (Bonferroni Correction) p < 0.006.

	Use of Storyboarding (2_Storyboard)
	Abs	Pres

Table 8 .

 8 Descriptive and statistical results of chi-square between 'Combination of tools used by the project team (3)' and 'Note obtained by the team (5)' -p value for post-hoc test (Bonferroni

	Correction) p < 0.004.