Gaëlle Blanco-Lainé 
email: gaelle.blanco-laine@iut2.upmf-grenoble.fr
  
Eric Céret 
email: eric.ceret@imag.fr
  
Sophie Dupuy-Chessa 
email: sophie.dupuy@imag.fr
  
LEARNING SOFTWARE PRODUCTION BY PROJECT AND ACTION: CASE STUDY AND LESSONS LEARNT

Keywords: Technical institute, website development, project, action, creativity, autonomy, selfconfidence, engagement

Our context is the teaching of software production at the license level of a technical institute. Software production gathers together many knowledge and know-how in computer science i.e. managing projects, designing and developing the functionalities (data and programs) and the human-computer interfaces of the software. Our goal is to increase students' creativity and self-confidence in the concept application phase of the learning cycle. So we introduced pedagogy based on project and action, which followed the 5 key-principles of gamification. This case study has changed the students' approach and behaviour relatively to courses and teachers. They had the opportunity of putting together various courses and got a better perspective of each of them relatively to the others. It also has modified students' and teachers' engagement, increasing curiosity and satisfaction. We were also surprised by their creativity while selling their work to professionals.

INTRODUCTION

Our context of work is a technological bachelor degree. The general objective of Technical University (IUT) Information Technology departments is training professionals who participate in the design, production and implementation of Information Technologies (IT) solutions corresponding to users' needs. The degree is constrained by the existence of a National Pedagogical Program requiring thematic volumes and schedules for the implementation of this degree.

The National Pedagogical Program is divided in traditional business areas: 1) "computing" disciplinary fields, like Algorithms, Hardware architecture, Database management systems or Analysis, design and applications development and 2) disciplinary fields covering scientific, social and human culture, like Mathematics, Economy, Law, Communication and English. Teachers work in teams by specialty area and there is a small overlap area. This fragmentation leads to a sectored teaching, which in turn makes some students lacking a global understanding of IT techniques and encountering some difficulties for articulating and linking efficiently the various approaches.

Although the courses attached great importance to training and despite the work that students have to do frequently in pair, we observe difficulties for students to transform knowledge into know-how. For instance, an excepted know-how would be to choose the appropriate technique from the various possibilities they have learned. So our concern applies to the concept-application phase of the teaching life cycle [START_REF] Karplus | Science Curriculum Improvement Study, Teacher's Handbook[END_REF] where students must try out their new ideas by applying them to situations that are relevant and meaningful to them. It is also related to the Elaboration phase of the 5E learning cycle, in which students' understanding and skills are challenged through new experiences in order to make them "develop deeper and broader understanding, more information, and adequate skills" [START_REF] Bybee | The BSCS 5E instructional model: Origins and effectiveness[END_REF]. During application of a concept, learners may discover new information that may cause a change in the learners' understanding of the concept being applied. Thus, this step is crucial for Learning as it permits the process of learning to be cyclical.

The reform of the National Pedagogical Program, which took place in 2013, gave us the opportunity to experiment new teaching methods for facilitating the construction of know-how in the concept application phase of learning. One of the 2 nd year modules entitled "Methodology for software production" targets:

• Requirements analysis for the design and development of information systems in an organization;

• Project organization and management for covering the software life cycle and integrating all the required points of view: work organization and strategy, users expectations, project management, quality and technology, corrective and evolutionary maintenance.

This module is defined as including (1) technical topics such as functionalities (data and programs) design and development, business processes analysis and modelling, production of the technical specifications and the software human-computer interfaces and (2) management aspects like preliminary studies and requirements analysis, elicitation of the standards to be applied for software (e.g. W3C) and quality (e.g. ISO/IEC 9126 [3]), project organization and follow-up and communication.

In the setting-up of this module, the teaching staff pursued the following objectives:

• Promote mobilizing existing knowledge,

• Application in a realistic context,

• Acquisition of new knowledge in semi-autonomy,

• Developed students' self-confidence and creativity.

This module also allowed us to promote transdisciplinarity between teachings. This should allow to highlight the overall global consistency and the existing interconnections between the various modules of our training cursus.

In this context, we expected students to encounter the following difficulties: 1) the mobilization of already acquired knowledge and know-how; 2) their application in a realistic situation and 3) the need to acquire new knowledge in semi-autonomy.

We therefore introduced a pedagogy based on project and action, which also uses gamification elements. This paper presents the setting-up of the "Methodology for software production" module, our educational choices and the lessons learnt from this case study.

The following section describes the implementation of the "Methodology for software production" module. The next section discusses the lessons learnt and their limits. Finally, the paper ends with some conclusions and perspectives.

THE "METHODOLOGY FOR SOFTWARE PRODUCTION" MODULE

Overview

We chose to implement this module ("Methodology for software production") as a project module based on a semi-autonomous work supervised by a multidisciplinary teaching team.

It concerned about 100 students. The teaching staff was composed of 5 pairs of teachers grouped by area of expertise, i.e. (1) project management, (2) computer modeling, (3) Human Computer Interaction and web interfaces, (4) IT development and (5) communication.

The project to be achieved by students was large enough to require them to work in groups. According to the estimated amount of work, we chose to create groups of 6 or 7 students. The students were in charge of creating and organizing these groups. All groups had the same project to realize. The theme was the creation of a responsive website (i.e. available on a laptop as well as on smartphones, tablets and so on) a for tourism in mountain. The requirements were really simple: "Gather your team together and revolutionize the way of organizing mountain holidays. Imagine an online service, an innovative application, a new way of preparing one's holidays by letting the user build a 'shopping cart of leisure'... "

The project lasted 15 weeks divided into 3 iterations, the last week being full-time dedicated to the "marketing", i.e. to the definition of the product communication.

Organisation

The 14 first weeks: development of IT solution

During the 14 first weeks, as shown on fig. 1, the students had to produce a functional prototype, here a website. During this time, they had 4 hours planned each week in their schedule. Teachers were facilitators: they met students regularly and were also available during the weekly 4 hours to answer their questions. Some occasional lectures have been set up on specific aspects, which were not known by students at this time. They mainly concerned modeling, like process modeling with BPMN [START_REF]OMG Business Process Model and Notation v2.0[END_REF] or feature and data modeling with UML [START_REF]OMG Unified Modeling Language (OMG UML) v2[END_REF].

Students were not free about the strategy for developing their website. We imposed a semi-agile logic for the project life cycle:

• A first iteration centered on requirements gathering, analysis of the existing, leading them to define their project scope, and create some mockups • The two following iterations have been devoted to the prototype development, the students had to produce the software source code An evaluation took place at the end of each iteration. Each evaluation included: an oral presentation by the group (containing a presentation on the status of the project advancement and, in iterations 2 and 3, a scenario-based presentation and/or demonstration), a project file and an individual oral assessment. Each group was evaluated by two teachers with different expertise areas.

The project file had to be delivered one week before the oral presentation and was used as a basis for defining the individual questions. The purpose was (a) to focus on the expected improvements for the next iteration and (b) to avoid excessive specialization of students in the group -each student was taking a question draw -and make them share knowledge and skills acquired during the project.

We imposed the structure of the project file, which was evaluated at the end of each iteration. The students had to correct and enrich this document throughout the project. The imposed structure was divided in three parts:

 Project scope, based on (5WH): WHO, WHAT, WHERE, WHEN, WHY and HOW.

o WHO? Identifies the stakeholders. It describes the business domain and its specificities, identifies the policymakers and their expectations, the users and their needs and the specific skills required for the development team. For instance, the users of a website for organizing holidays could be families, policymakers could be tourism offices or ski resorts.

o WHAT? Describes the project, especially the functional requirements, such as booking a room in an hotel, a table at a restaurant or skiing lessons.

o WHERE? Describes the context, for instance looking at existing mountain websites and more largely to merchant sites. In fact, this is part of competitive intelligence. The goal is also to identify either or why the policymakers need the intervention of contractors.

o WHEN? Describes the temporal constraints and the project planning. In our specific case, the students had no choice about the temporal structure, which was defined by the three iterations. They could choose and use planning tools, such as GANTT charts [START_REF] Gantt | Work wages and profit[END_REF].

Fig. 1 -project life cycle

o WHY? Identifies the objectives, expected benefits from the project: whishes and requirements (expressed or implicit) and leads to define SMART 1 goals [START_REF] Doran | There's a S.M.A.R.T. way to write management's goals and objectives[END_REF]. For instance, improve the image of the resort or increase its attractiveness.

o HOW? Expresses the constraints, risks and possible solutions. The constraints refer to anything (temporal or technical) that could restrict the designer's freedom or impact on project. Risks identification is meant to specify mitigation strategies (i.e. strategies for reducing these risks), accordingly to the risks criticality (i.e. impact and emergence probability). A result of this analysis could be the definition of indicators and a dashboard for following the criticality. For instance, an important risk for the students was the lack of time, which could be mitigated thanks to the project evolution followup.

 Functional expression of needs, which describes the user's requirements and infers what the software should do. This activity often implies to use modeling tools. It includes:

o A description of the expected functions, distinguishing main functions (which must be available in the final prototype) and complementary functions (which will be -fully or in degraded mode -developed if there is enough time). For instance, as shown on fig. 2, the user needed to book some activities (skiing material, going to the restaurant,...).

o A description of functions hierarchy, identifying what functions will be developed during which iteration. It allows to follow the initial planning and identify the remaining functions to produce. For instance, the initial planning might start by developing the function of booking housing.

o A specification of the expected software quality level (with some flexibility): according to ISO/IEC9126 [3], the students had to specify 6 criteria they aimed at achieving. For instance, the software should ensure data security, especially as banking information will be recorded during payment.

 Solutions

o Technical solutions detail the functional specifications, refine the User Interfaces mockups and their ergonomic evaluation (as defined in [START_REF] Bastien | Ergonomic Criteria for the Evaluation of Human-Computer Interfaces[END_REF]), as well as the implementation aspects, such as the technical environment, the programming languages and tools to be used. A comparative description of the various technical possibilities (their advantages, complexity, benefits,...) is also expected. Figure 3 presents an example of mockup realized during this stage by a group of students. o Project organization includes Work Breakdown, which identifies the tasks, their distribution and the corresponding schedule, that is in turn followed for tracking and analyzing differences between expected and realized tasks durations during iterations 2 and 3.

Last full-time week: communication and marketing strategy

Following the website development, students had a full-time week to define their communication strategy and produce marketing materials. This week was supported by the communication teachers with the support of e-learning technicians. For instance, one of the groups, who produced a website named BookYeti, imagined a communication campaign based on the Yeti, including a logo, a video, a sticker and a dramatized presentation, as shown on figure 4.

The final result was evaluated by a jury composed of teachers and experts in the development of IT solutions, the industrial transfer of researches or the creation of start-ups. All students could also vote -as shown on figure 5 -for each project, thanks to VotAR 2 .

All along this final stage and beyond the technical dimensions, we wanted to show how important it is to master communication aspects when developing IT solutions. 2 VotAR is an Augmented Reality audience voting system. Available on Google Play, please refer to libre-innovation.org. 

Educational choices

As we mentionned in the introduction, the main objective was to support a concept application phase of software development by leading students to mobilize their existing knowledge and to apply it in a realistic context. To achieve this objective, we chose a project-based pedagogy. It completes the numerous existing experiences [START_REF] Thomas | A review of research on project-based Learning[END_REF] by proposing a transdisciplinary approach where "life skills" or "process skills" including social skills, group process skills, multiple intelligences, and dispositions for independent learning are required. It was also a long-term project created to be realistic thanks to a context studied with the 5WH (Who, What, Where, Why, When, How).

To develop new knowledge in semi-autonomy, teachers were available as facilitators. They gave occasional lectures about new knowledge and provided guidance during the project development.

The project mode in semi-autonomy was also expected to develop students' self-confidence. Experts' feedbacks at the end of the project were also presented as very important, because they show students that their projects are interesting outside their educational scope.

To increase creativity, the subject of the project (website for tourism in mountains) was coarse-grain and needed to be refined to propose a solution. We also encouraged students in thinking about innovative solutions by asking them to study existing websites and to propose something new.

The module was designed so as to encourage students' engagement by using gamification elements. We followed the 5 key-principles of gamification:

 The learners' choice must have a significant effect: in our case, the students could choose the features and human-computer interfaces of their website, as well as their professional context (e.g. if they were sensed to be a start-up with a new idea, a web agency working for a mountain resort...);

 The teaching situation in the game must be contextualized: here, students were considered as professional development teams who have to develop the website;

 The game must be credible: there was a real need for such a website and there was no existing site answering all the given requirements;

 There must exist several success ways: many different approaches, services and look and feel could be explored;

 Gamer must be able to define his/her own objectives. At the beginning, students had to define the specifications of their own website based on their choices.

Moreover, we added some challenges by rewarding the three best technical projects and the three best "project sellers". We also organized an evaluation where students had to play the role of sellers.

In this situation, they were in front of a non-academic jury composed of experts, teachers and all other students.

Fig. 5 -Students voting with VotAR

At the end of the module, we proposed to students to fulfill a questionnaire. By mistake, some students answered by group, while the others gave individual answers, giving a total of 18 answers. Therefore, we can only make a qualitative analysis of their feedbacks.

The goals defined for this module have been mainly achieved. We have seen an increase in students' satisfaction, engagement and autonomy.

The global satisfaction index is 8 on a maximum of 10. Many students mention how much they learned about project management, work organization and communication within a team. They also estimate that they have learned a lot about techniques and tools. One group even thinks that this module "was certainly the main source of knowledge during the semester".

According to their statements and our sightings, our students were highly involved in this module. Indeed, students estimate that each of them worked between 90 and 100 hours when the module is sensed to require about 75 hours of work per student.

Moreover, during the "open house day" of our institute, several students' behaviors demonstrated their commitment to this module. First, the videos they had prepared for the final presentation were displayed in the ground floor, in the IT department room, and the students were very proud of their achievements. Moreover, having followed this module modified their perception of the cursus and their ability to present it: they had became able to present much more easily its key objectives and content, explaining several modules by their usefulness in the "Methodology for software production" module. One of the groups didn't want to stop their "mission" so soon and they participated to a national challenge named "the mobile banking factory3 ".

We noticed that our students increased their capacity of working autonomously. The first remark we made is that they increased their capacities for searching information and self-training, e.g. with online documentation and tutorials. Many of them were reluctant for doing this before this module. For instance, one group explored management tools by themselves and chose to use IceScrum 4 , a platform for agile developments.

Another goal was to make students creative. It is difficult to state that we increased creativity. At least, we were very satisfied by their findings. Some groups had good ideas when proposing new services for holidays in mountains (for instance, one group suggested activities packages according to the customers' age, another one had the idea of collaborative holidays). We were surprised by their creativity in communication. If Fig. 4 shows an excerpt of the best communication campaign, all groups created very good communication support like video, ad messages in which they showed a lot of humor and imagination.

We also noticed their decreasing need for teachers' guidance along the module correlated with an increasing quality of the project file, which we interpret as a growing autonomy. When interviewed Fig. 6 -Students evaluation over technical, management and communication aspects about their novel ability to take a step back, students referred almost systematically to the project module.

Most of the produced prototypes met requirements, some even being of professional quality. We have the full results for the 14 first groups, the 4 others have not yet finished the module, as their cursus is out of phase. As shown on figure 6, two groups (over 14) have been evaluated as very good on technical, management and communication aspects. Two groups have produced inadequate technical and management work and just fair enough communication material. All the others have globally reached the objectives.

Beyond this global evaluation, some other aspects are worth enough noting. The students testify having increased their technical competencies, particularly in JavaScript, PHP… They also improved their communication abilities, because they had to speak in front of a jury made of two teachers at the end of each iteration and in front of a whole amphitheater at the end of the project. Moreover, they learned how to create a "pitch" (i.e. a very short speech expressing the key points of their proposal), to handle the tools for creating their communication support (slides, videos, image processing editor,…).

The students also acquired know-how, especially for starting and managing a project with professional deliverables and skills.

Beyond our own feelings, a global feedback given by the teaching team of the department is that this work induced a positive evolution in the relationship between them and the students who showed more confidence and attention.

All these good results must be nuanced by the fact that it was the first time that we proposed such a big transdisplinary project to students. They might be a novelty effect, which could improve the feedbacks of this year. We will see if the positive effects of project-based pedagogy continue on long term.

Even during this first year, we have already noticed some limits. Indeed, even if the students mainly approved the organization of the teaching activities on this module, they mention some difficulties, such as the risk of discovering troubles lately due to the granted freedom or their feeling of lacking support in group management, and more particularly about conflict management.

We also realized that it will be necessary to provide, during the project start, a more precise scope and to specify expectations in terms of deliverables, particularly regarding explanations about the structure and expected content of the project file.

Finally, according to the workload estimated by the students, we also believe that the chosen topic was probably too ambitious. Indeed, as already mentioned, students say they have been working between 90 and 100 hours whereas, when applying the calculation rules for ECTS 5 , the workload should have been 75 hours maximum.

CONCLUSION AND PERSPECTIVES

In this paper, we presented how we built a module for increasing students capacities of mobilizing their existing knowledge in a realistic context, where they were expected to act like professionals, and for increasing their autonomy, self confidence and engagement. We also intended to promote transdisciplinarity and highlight the global consistency.

We implemented a pedagogy based on project and action in a module dedicated to the production of an IT solution. It had the characteristics of being transdisciplinary and of requiring life skills. We presented the details about the module organization and the good results in terms of students' increased autonomy, satisfaction, engagement and creativity.

Considering all these results, the module structure will be refined and will take place in the training with the same form in the coming years. We will refine its organization while keeping the gamification elements which contribute to make it a success. This case study clearly shows us the interest of introducing games and action in pedagogy. By sharing it, we would like to help teachers in seeing the practical benefits of project-based pedagogy with gamification.
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 34 Fig. 3 -an example of mockup made by students (in french)

  

Please see http://mobilebankingfactory2.bemyapp.com

Please see http://www.icescrum.org
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