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Abstract

In the fall of 1999, we started, the Integrated Product Development- Collaborative Engineering ( IPD-CE) project as a first pilot. We experimented with modern communication technology in order to find useful tools for facilitating the cooperative work and the contacts of all the participants. Teams have been formed with engineering students from Lehigh University in the US, the Fontys University in Eindhoven, The Netherlands and from the Otto-von-Guericke University in Magdeburg, Germany.  In the fall of 2000 we continued and also cooperated with the Finnish Oulu Polytechnic. 

It turned out that group cohesion stayed low (students did not meet in real life), and that Internet is not mature enough yet for desktop video conferencing. Chatting and email were in these projects by far the most important communication media. We also found out that the use of a Computer Support for Cooperative Work (CSCW) server is a possibility for information interchange. The server can also be used as an electronic project archive. 

Points to optimise are:

1. We didn’t fully match the complete assignments of the groups;

2. We allowed the groups to divide the work in such parts that those were developed and prototyped almost locally;

3. We haven’t guided the fall 2000 teams strong enough along our learning curve and experiences from previous groups.

4. We didn’t stick strong enough to the, by the groups developed, protocols for email and chat sessions.

5. We should facilitate video conferencing via V-span during the project to enhance the group performance and commitment.

1. INTRODUCTION 

Multi-disciplinary teamwork is not common in education yet (Turino, Jon 1992, Peter A.M. van Kollenburg, George Punt 1998). On the other hand there is a great demand for well-trained people especially in concurrent and collaborative engineering. Océ (development and production of copiers and printers) states, “People applying for a job at our company are in a better position to get that job when they have been trained in concurrent engineering!” Industrial participants in the USA have stated that students with the IPD experience and education can be effective and productive team leaders in one half the time of those who do not, saving the companies millions of dollars each year (Lehigh University Annual Industry Advisory Board meeting December 1999). Engineers face the era of globalisation where projects are planned, implemented and have impacts across national and cultural boundaries. With the new communication possibilities (Internet and videoconferencing), Integrated Product Development (IPD) teams are comprised of participants who are located in geographically dispersed areas of the globe.  With this IPD - Collaborative Engineering (IPD-CE) project we balance the need to create an environment that encourages student innovation, creativity and entrepreneurial spirit with the realities of today’s global engineering, business and design.

We started in the international project in the fall of 1999. Teams were formed with mechanical engineering students from Lehigh University in the US, electrical engineering and business-engineering students from the Fontys University in Eindhoven, the Netherlands and mechanical engineering students from the Otto-von-Guericke University in Magdeburg, Germany.  In the fall of 2000 we again had 3 teams working on IPD-CE. This time the Finnish Oulu Polytechnic also joined our international projects (Peter A.M. van Kollenburg e.a. Brighton 2000.)

2.
START OF PROJECT 

At the start of the project, each team is asked to design and create a team logo.  This standard team building technique requires the members to specify the objectives of the logo, quantify the evaluation parameters, create multiple ideas and select one (or more, or in combinations) to end up with a single team logo. One of the groups in fall 2000 didn’t catch up with this teambuilding goal and spend about 8 weeks, instead of the two weeks planned, discussing on the logo and not working on the real project. Main reason was also the stress put on from the USA coach because the logo was strongly related to the mark they would get in the end. Here was a clear difference in point of view regarding coaching and reviewing the student groups.

The second week, the sponsor introduced the teams to a potential new product e.g. in the first project by Philips: an automatic lamp switch for TV back light in the living room. This was also a stumbling block. The teams were unclear on exactly what the sponsor wanted; it took e.g. FOUR weeks before the Lehigh teams could imagine how a ‘cosy’ European living room looks like! Only after sending some pictures of typical European living rooms it became clear. But also towards the design there were problems: was it a light control or a light and a control that was asked for? 

While the teams were using the same text for the project start, the overall planning of the project was not clear. For example, the due dates and milestones were very unclear. There was nothing such as a total project planning. So it happened that teams didn’t know the other teams had holidays or exams and therefore couldn’t contribute. As a result team members failed to plan and work effectively. They did not have the same stake in the outcomes since some were taking the course for credits and some were not. Also the number of credits for this course differed enormously between the universities. Interdependency of the team members was not well understood. Members were not able to recognise the importance of providing the information requested in a timely manner.

3.      COMMUNICATION

The second problem arose when the teams in different places had to communicate about the project. Since the teams were separated by 6 time zones, communication was mostly limited to employ the Internet such as: Email, Videoconference and the Basic Support for Co-operative Work (BSCW) server. Real time communication (telephone, videoconferencing and chatting was only possible in a small time frame between 15.00 – 17.00 hr CET.

3.1 
Email

Email is an excellent method to communicate with people in different locations because one can instantly send a message whenever problems or questions arise. However, during the project, many confusing or irrelevant messages flooded the server. The response time was also low: it took in average 2 days to get an answer on an Email sent! 

So the decision was made that when e-mail has to be sent, this should be done using E-groups (a list server). Sending e-mail via E-groups means that every team member will receive this e-mail. Through this protocol all team members are well informed about the project progress. Only short questions and answers are sent directly from team member to team member in order to prevent unnecessary e-mail.

The shear number of messages from multiple team members with no particular priority resulted in members not knowing if answers were needed or when they had to answer. The volume of messages made some of the members numb to answer any messages. It was determined that Email messaging required a communication manager and a protocol: was the message received, was it read and understood, are the action items to be acted on, if so when, if not what alternative actions are to be taken.  Because of the time zone differences, protocol included when messages should be sent and when a response would be expected. This all handled with the communication managers at each site.

3.2 
Video Conference

With the videoconference software package, iVisit, team members communicated directly over the Internet. This communication method is very similar to face-to-face meetings however, some technical obstacles were encountered due to the web cams and audio transmission. Very often the quality of the sound was not good enough to understand each other at the different sites. At the beginning of each conference, it usually took a long time to adjust each system. 

The causes of most problems were unknown, and the teams were forced to use the chat window. For smooth conversation, a better conferencing software tool should have been selected – that is critical for better understanding of each other, particularly during critical team-decision making sessions. Unlike face-to-face meeting, participants were not able to have an eye contact or read body language so that the conversation was rather awkward. Additionally, when one participant was speaking, others were not sure to whom the participant was talking so that it was difficult to know whose turn it was to speak or when was the right time to speak. It turned out that the videoconference tool wasn’t used in fall 2000 when it turned out there was no improvement on this. 

3.3 Chat

One of the most used programs in communications was the chatting. The chatting was done via the Egroups account from Yahoo, which we also used as a list server for the groups. In the beginning it was quite chaotic: everybody chatted and the red line of the discussion disappeared rapidly. So we agreed upon the following chat protocol. 

At first: We have each time one chairman. Every meeting starts with an explanation by the chairman (subjects, agenda, etc). The meeting consists out of two types of blocks: a chat block (freedom of speech) and a meeting block (only subjects and answers on the agenda points). In the meeting block only persons addressed are allowed to answer. The chairman decides when every block starts and stops with the text: free chat starts/stops and agenda point x starts/stops
. He is the only one who always types bold. For order he can write: “stop talking” and everyone will stop typing. Comment points are being sent privately to the chairman so he can bring it into the meeting. 

For the chat sessions it would be advisable to use a program such as mIRC instead of the E-groups chat facility. The advantage of this is that a log file can be created so minutes can be easily completed with information from the chat session. Team members who did not join the chat session can be informed about the discussed topics in this way.

However it turned out that most of the times no minutes were being made at all, nor from international meetings nor from meetings of the national teams. As a result of this, several project members lost track about what was exactly going on considering the project. Add to that the often occurring language problems, especially Finnish students didn’t speak up often, and you can imagine that the dedication to the project became low.

3.4 
Computer Supported Co-operative Work

We have seen that Email was useful not only for the exchange of plain text messages but also to carry attachments with various types of information.  However, it turned out that the number of such objects grew extensively during a project and that the attachments grew bigger in size also. We apparently needed something, which is commonly referred to as “Computer Supported Co-operative Work” or CSCW. Fontys University in Eindhoven was enthusiastic about the toolkit “Basic Support for Co-operative Work” or BSCW. This server is used as a common, shared workspace for the groups.

The teams communicated the following of their experiences:

· The teams indicated that the BSCW is an essential tool to make IPD-CE development possible.

· The most important use was the communication of text documents; secondly the sharing of programs and thirdly the planning of meetings.

· Positive experiences were: ease of use and convenience of central information storage being available anywhere.

· Negative experiences were: varying response time, additional effort to invest in working with this tool and since the server is open to every participant, folders and files are likely to be disorganised. 

As the project went by, the number of files and folders became larger and larger such that it was sometimes very confusing to find the exact location of the needed file amongst a lot of others. Therefore, there should have been a responsible person who could always keep his or her eyes on the server’s organisation. 

4.     EXPERIENCES

Each team had varying degrees of success meeting the project objectives.  All members gained valuable experience in the process of global collaboration.  The team members were frustrated by the limitations of the Internet to really communicate as opposed to just exchanging information. Trust and team cohesion remained low throughout the project.  

All teams carried out a market research and participated in a part of the product design. All teams were able to complete some aspects of a prototype. A big problem of one of the projects was that both teams had different goals. For the American team, most parts of the project were homework assignments, whereas for the Dutch team the project was one big, total, assignment. Through this, it was very hard to make a good planning because both teams had different goals and thus different milestones. Teams of the same project should have the same assignments focussed on the project as a whole. In this way the team can make their own planning (in MS project e.g.), not leaded by the textbook or homework assignments. 

The Dutch students also developed a handbook as a guide for IPD-CE groups in future. This handbook will help groups with the use of the BSCW software, the Internet videoconference software, MS project planning software and has a checklist for starting up new IPD-CE projects (S. Bonifacio e.a. 1999).  

5.      CONCLUSIONS

We experimented with modern communication technology in order to find useful tools for facilitating the co-operative work and the contacts of all the participants. Program evaluation focused on the technologies used, the processes involved, the nature of human interactions and the effectiveness of communications within the group as well as the products produced.  

It turned out that group cohesion stayed low (students did not meet in real life), and that the Internet is not mature enough yet for desktop video conferencing. Chatting and Email were in this project by far the most important communication media. We also found out that the use of a CSCW server is a possibility for information interchange in addition to Email attachments. The server can also be used as an electronic project archive. In future we expect the CSCW-server will be an essential tool for project support and trace ability. Improvement must come from a better project organisation and a better team understanding of the deliverables and milestones earlier in the project phase. The use of MS project planning software is recommended. Now it sometimes happened that deadlines could be shifted in the future because they were not written down. 

An improvement of video conferencing via the Internet could enhance the group performance enormously. Otherwise the (expensive) V-span ISDN videoconference is necessary at the start up, the milestones, the workshop and the final presentation of the project.

Collaborative engineering is relatively a new approach to develop products. So it is not surprising that there are still many problems, which are new and unfamiliar to designers and engineers as seen in our project. As a result, it is strongly felt that a project must be well structured before its start. This implies that it is very crucial to first establish organisational matters and communication means before a project starts. Otherwise, the work carried out by each geographically dispersed team would be isolated and wouldn’t properly interface with the parts developed at the other locations. In this way it is impossible to achieve the fastest product development cycle. In the worst-case scenario, the project might become “world-wide over-the-wall” engineering rather than collaborative, concurrent engineering. These problems should not be ignored and reflected on the next project.

Despite the problems encountered, the authors believe that the experience for the team members was worth the effort and therefore another project will be attempted in the fall 2001, with other students, but with the same universities and coaches. German and Finnish students visited the end presentations of the work in the Netherlands. It indicates the ambition, enthusiasm and engagement of students involved in such an international product development project!
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