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ABSTRACT

The Technical Departments at the Fontys University of Professional Education in Eindhoven, The Netherlands, offer a course which is developed around the principles of Concurrent Engineering. Integrated Product Development (IPD) project teams are multi-disciplinary groups which develop products in co-operation with the regional industry. The companies involved are sponsoring the developments and the revenue is being used for more intensive group coaching by tutors and specialists. 

We experimented with communication technology to find a good compromise between time and costs. It turned out that intelligent pagers resulted in minor improvements, mobile phones are still too expensive, e-mail is functional but creates no group cohesion and most of the companies are rather conservative in their use of new communication tools.

We also found out that the use of a Computer Supported Co-operative Work (CSCW) server is a possibility for information interchange as an alternative for e-mail attachments. The server is also used as an archive. In future we expect that CSCW will be an effective tool for project support and control.
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1. Introduction

Technical education is commonly based on specialised courses on different topics. In such a course a lecturer may operate independently from colleagues or even from other courses. As a result technical students are trained to solve (technical) problems only in relation to a given course. Only rarely students are educated in solving a problem  in a broader  and multi-disciplinary view. As Turino [1] defines: “Concurrent Engineering (CE) stands for pulling down the walls between the departments. In doing so lecturers must cooperate and communicate with lecturers of other disciplines; this yields more work (meetings), more planning and raises more problems with the assessment of the students’ progress. So it does not surprise anyone that CE is not common in education yet [2,3].”

On the other hand: companies ask for well trained people especially in concurrent engineering. Océ-van der Grinten (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! This industry statement is one of the reasons why we put effort in introducing CE in our programs: companies ask for this knowledge and experience from their new employees. 

When we started our Computer Integrated Manufacturing courses in 1988 we introduced an additional integrated course called 'Business Automation' being based upon CE principles. By giving the students responsibility and the opportunity to speak their minds, they learn to communicate about solving problems within a group and to delegate tasks; they furthermore gain insight into the importance of teamwork to reach a goal and they also create a natural interest in other disciplines. The degree of interest in teamwork and other disciplines is influenced by the ratio of individual and teamwork assessment.


Based on this approach we came to the following set of  improvements of the IPD course:

· implementation of “real” multidisciplinary teams

· introduction of techniques to improve customer focus

· an increased emphasis on cost control: information on prices and a method for the calculation and estimation of cost prices was given to the teams.

In evaluations of the Integrated Product Development (IPD) courses we felt that such teams could do more than just an internal university project [5, 6, 7]. We now work together with regional industry to develop products for companies. On average we have two or three teams working on the same assignment. So in the end the company has two or three possible solutions for its problem or two or three prototypes for a new product. That is of course a very nice offer: your problem will be tackled by multi-disciplinary teams and in the end you can choose a suitable result out of the three results presented! 

Normally one would always like this kind of development competition: which solution is the best? Unfortunately this way of working is too expensive for a  regular development department. So a strong relation between an institute like ours and industry is a real win-win situation [8]! 

In this paper we want to share with you our experiences with all kinds of modern and ‘old fashioned’ communication tools between team members, companies and coaches in such a development process. Some communication tools improved the speed and quality of the process. Others did not contribute at all or even had a negative influence!

2. The Communication process between students and Companies

A critical factor for the success of an IPD project is effective and efficient communication. It is obvious that the quality of the final result depends on the frequency and the quality content of the contacts of the student members and the involved teachers, coaches and company employees.

A number of years ago, at the start of this IPD project, no companies were involved. The lecturer (tutor) supplied an assignment to the students. In addition a handbook with information about the project was supplied to the students. Personal communication between the students and the lecturers was scheduled on a weekly basis. Existing problems where discussed and solved at once if possible. There was always a face to face communication. 

In February 1996 we started projects with the company Roto Electronics. One of its employees came to our institute to inform the students about the project assignment and the objectives.

One week after the "kick off" the co-operating company Roto was overflowed with questions. To solve this problem an employee of Roto came every week to our institute to answer the questions of the students. 

Although in the next project with the Fancom company e-mail was introduced as a communication tool, it appears that in the practical situation there still is a big need for personal contacts between the company and the students. At the end of this project this turned out to be the biggest problem.

During the last two years we worked with several companies and different projects. Often communication problems had their origin in the physical distance of the students and the company. 

To solve this problem, there are a lot of alternative solutions.

Some companies (Origin and Lincom) created in-house facilities for students to work. This is an expensive but very successful solution to improve the IPD project results. 

According to Prof. Allen (MIT, Boston) the location of the particular team members is of crucial importance to the number of discussions and so for the lead time of a project . In our case the students were working at their own department and only planned meetings were attended. The one-room approach as is proposed by CE experiences has proved to be a good solution (figure 1). 
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 Figure 1. Relation between number                                           of discussions and distance

In this stage of their study the students however have other obligations. They can not spend all their time on the IPD project in the company.
Telephone calls are very important in order to improve the contact between the students and the company. The advantage is the direct personal contact and feedback. However, a disadvantage is the difficulty of getting the desired person on the phone and the possibility of misunderstanding. We tried to use pagers to improve this communication as you will read in the next paragraph. 

Ordinary post (snail mail) is used to send letters with questions and questionnaires, to send handbooks, catalogues and other material. The advantage is that a letter looks rather official and that the degree of answering is rather high. The disadvantage is that it is rather slow.

Faxes are very often used in companies. The speed of reaction is in most cases high, but the restricted capacity and the poor quality is a serious problem.

Internet is very helpful to gather world-wide information in a general sense. For example our IPD handbook is available on Internet too. The internet is less useful to get answers on specific questions.

Email is well known but in many cases not very effective. A lot of people read their mail only once a week or even less. An advantage is the possibility to attach software files and reports world-wide without quality loss.

3. The pager experiment

A pager is a small receiver that can display a short message on a screen. Like a telephone a pager can be called. It will react with a signal (e.g. buzzing, dithering or light emission) and, if activated by the user, display one or more messages. Most pagers have a limited memory for a small number of messages. Messages can be sent to the pager by e-mail or telephone.

In the scope of a general project within the Fontys University, which was intended to improve attainability of both lecturers and students, pagers were provided for some pilot projects. IPD projects seemed to be suitable for this aim. The tests started when the IPD projects were already halfway. Those projects last about 15 weeks; the pagers were used during the last 8 weeks of the project. The company that placed the pagers at our disposal automatically recorded all pager calls. At the end of the project an inquiry was carried out amongst the users. In the next paragraphs a short survey of the results is given.

3.1. Pager communication

IPD projects always have had problems in the field of communication between the project members. This is caused by the fact that our project members are lecturers and students from different departments and different locations. In the early days of the projects general messages were just pinned at a notice-board in the centre of those locations. This was not suitable for urgent messages. Soon e-mail was used, so everyone could communicate from his own location. 

The disadvantage however, is that it is often dependent of one or more work environments and one has to be on-line! A combination with a pager seems to be an ideal solution. Short messages can be sent directly, while for longer messages and file-transfer e-mail can be used. If a member  is not on-line a pager message can be sent, telling that some information has arrived on one’s PC. Headings (subjects) or even the first lines of a message itself can be forwarded to the pager or sent directly. The sender however has no confirmation on the reception (a pager is uni-directional) and no answer can be given from the pager. The recipient should go to his (or the nearest) PC and read and answer whole messages, but this can be done at a suitable time. Even if the caller has no PC (with e-mail or internet) at hand a message can be sent to the pager, using a traditional telephone. The results of the pager experiment are discussed in the next section.

3.2. Pager usage

During the experiment we had 7 groups with in total 45 students and 6 coaches. For all participants pagers were available, but one of the coaches and 9 of the students refused to accept the pager. Reasons were practical (afraid to loose it or having already a portable telephone set which included the pagers’ functionality) or principal (being callable everywhere is unwanted, although the pager can be switched off). All 41 users more or less made use of the pager. The frequency of calls is given in figure 2.

Figure 2. Pager usage during project
It seems that in the first week everyone wanted to try out “the new game”. After this week both the number of users and the number of calls per user decreased and it remained rather stable during four weeks. After that the number of calls decreased dramatically. We think this is caused by the fact that at about that time the ‘real work’ is done and everyone is preparing the final report and presentation. Only in the last week of the project we see a slight increase in the number of calls, possibly caused by final communication around the presentations. 

Apart from the measurements the users were asked for their opinion about the pager usage. From all 41 inquiry forms some 22 were received back. It appeared that 60% of all the respondents thought that the attainability did improve by using the pagers, but only 27% meant that the communication was simpler now and 14% thought that it was more efficient. The possibility of e-mail notification was appreciated by 64%.  However this was not possible for all users and according to the measurements only a few users have made use of this possibility. For a minority of those users this concerned a considerable number of calls. 

The way the pagers were approached was mainly by Internet or e-mail. Only a few users used the possibility of sending a message via a PC and modem and even less use was made of a call by telephone (10 users has done this 1 to 5 times, while Internet was used by 18 users varying from 10 to 50 times). Finally it must be stated that the results of the measurements can be influenced by the purpose of usage; from the inquiry it appeared that 20% of the users mainly used the pager for private calls and that 32% made a mixed purpose use of it.
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4. E-MAIL AND LIST SERVER 

E-mail has become a common tool to send messages and documents. It is used by the students, by the tutors (coaches) and also by the companies involved. 

When you want to send the message to a group of people, of course there is the possibility to use a distribution list. But then everyone has to have his own copy of that particular distribution list. And it is a static rather then a dynamic list. A list server can make life somewhat easier though: one only has to send the message to the list server, and the list server will distribute the message to all people known as members of the group (they have subscribed to the list server earlier). If in replies the server’s address is used, those replies will be distributed too and a widely extending discussion may start. A list server is also very dynamic: one can (un-)subscribe anytime.

4.1. ‘Ordinary’ e-mail

Our university is providing every student with an e-mail account. So far they can not just login from their private home, they have to be at the university premises to be able to check or send their e-mail. Students that do not like this, quite often choose an additional provider.

Since all participants got an e-mail address and the tutors were in favour of using e-mail, it became ‘natural’ to send notes and newsletters by e-mail. Besides, it appeared to be more convenient to send milestone related documents, as a file, to the companies by e-mail rather than by fax. There is one drawback though: it requires a certain discipline, especially from the participating students because they have not got their own computer at the university, to check one’s e-mail box regularly. 

4.2. IPD list server(s)

As from Spring 1998 we are using a list server in order to get e-mail distributed among all the members of the IPD project groups. It has become a useful tool for ‘dropping’ notes of general interest, like announcements, newsletters or templates for documents. Furthermore, if someone has a question and he (or she) does not know whom to address, there is this opportunity to send the question to the whole community by using only one e-mail address. As said before even the replies will be sent to everyone automatically.

During the course in Autumn 1998 we had a special situation: a member of one of the project teams turned his personal computer at home, running under Windows NT, into a list server for this particular team. Appropriate software was easy to obtain. It took only a few days to get the registration of the ‘domain’ done. Of course the list server must be ‘on the air’ now for 24 hours every day. And arrangements have to be made regarding the making of back-ups.

4.3. Experiences with list servers

We have been using a list server during several IPD courses. Experiences were as follows:

· E-mail, as it is, is a very useful tool to send messages to someone else or to all members of a certain group.  But it is only beneficial if all participants have got the facilities, and, if the facilities are reliable (no server breakdowns) and if everyone will check his (or her) e-mail regularly.

· E-mail is not appropriate for discussions within larger groups. It takes quite some time before you have got everyone’s response.

·  A list server is very useful for especially the ‘management-team’ to send messages and documents (files) to all the participants.

· Members of the teams are very reluctant to use the ‘global’ list server to send messages (questions) to all other participants.

· It is very annoying if the list server is used (abused) to send messages with no or limited interest for most of the participants.

· If a team has its own ‘local’ list server, then the team members tend to use that list server quite often. By doing so every member is kept in touch.

5. COMPUTER SUPPORTED CO-OPERATiVE WORK

The various means of communication which we have dealt with so far have been functioning  quite well within the various IPD teams. Especially e-mail was used quite extensively. We have seen that it showed to be useful not only for the exchange of plain text messages but also to carry attachments with various types of information objects. However it turned out that the number of such objects were always growing extensively during a project. The team members were often not in the possession of the needed objects or in possession of an old version. We apparently needed something which is commonly referred to as “Computer Supported Co-operative Work” or CSCW.

5.1. CSCW toolkits

Within the team of coaches we knew that there are currently quite some tools around supporting CSCW. We needed an open, low-threshold facility which would offer the student teams basic facilities for performing common tasks. The most important one was access to common information objects of various kinds. There was no experience within our team in this area, but two of our part-time students were enthusiastic about the toolkit “Basic Support for Co-operative Work” or BSCW [9, 10]. They had successfully developed software and reports for their common graduation project from two different locations with only infrequent direct contacts.

After a short experimental period we decided to apply BSCW in our IPD student projects from 1999 onwards.

5.2. Basic Support for Co-operative Work

BSCW has been developed since 1995 by GMD – German National Research Centre for Information Technology in Darmstadt, Germany. GMD offers free access to its own server or alternatively allows others to install own BSCW servers on their own premises.

BSCW provides a “workspace” to its “members” via the Internet. A workspace is basically a hierarchy of directories containing information objects. A member of a workspace gets access to it after a login procedure.

The following information object types exist:

· folders (directories containing lower level folders or other object types)

· documents (any kind of files, such as text documents and programs)
· articles (discussions with questions and answers)
· URLs (references to interesting Internet sites)

· meetings (allowing meetings to be planned, inviting participants who may acknowledge their readiness to join)
· search (created as an answer to a query).
BSCW provides a good help facility and an extended access control. The latter allows individuals and groups various levels of access to parts of a workspace.

5.3. Approach

In order to have a well controlled access to the various workspaces we formed the following member groups:

· the lecturer team;

· each of the 5 parallel IPD student teams;

· an observer group.

The tutors of each student team formed the lecturer team. The observers were persons who wished to follow the co-operative process without actively participating. These were interested colleagues from within Fontys, the company contact persons and various other external persons from other institutions.

We wished that the lecturer team should have access to the workspaces of all student teams in addition to its own one. Each student team had access to its own project workspace. Also we created a common workspace for all the teams containing various kinds of teaching material.

In figure 3 we show the structure of the various workspaces being used for the IPD projects, together with  their access rights:

	
	Lecturers
	Students
	Observers

	Total IPD workspace
	W
	
	

	Lecturer team workspace
	W
	
	R

	Student workspace for semester 1
	
	
	

	Common information
	W
	R
	R

	Project 1
	Wo/R
	Wo
	Ro

	-------
	
	
	

	Project n
	Wo/R
	Wo
	Ro

	Student workspace for semester 2
	
	
	

	--------
	
	
	


W = Write access

R = Read access

o  = only for “own” group
Figure 3. The structure of the various workspaces

5.4. Experiences with CSCW

We wanted to learn from the experiences of the students on Computer Supported Co-operative Work after the first semester having used BSCW. The lecturers evaluated each team’s use of BSCW by regularly inspecting their workspaces, by participating in co-operative work of one’s own team and finally by a written student evaluation through individual fill-in forms.

Based on the material gained we could draw the following conclusions:

· 4 of our 5 teams used BSCW.

· BSCW was primarily used for communication within each team and to a lesser extent with its lecturer and with the company.

· After completion of the project the amount of stored information per team varied considerably: 2-12 folders contained a total of 7-73 information objects.

· The object types also varied: text files, discussions, meetings, spreadsheets, databases, photos, executable programs, internet pages and slide presentations.

The teams communicated the following of their experiences:

· Only one third of the students used the facility extensively.

· 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: a varying response time and the additional effort to invest in this type of work.

6. ConclusionS

If a one-room approach is not possible then remote communication is a crucial factor for success. Our projects show some communication problems. Development groups experienced  delays in feedback and responses because of this. Some problems can be solved with modern  communication technology as e-mail when used in the proper way (as daily use e.g.). But most of the companies are rather conservative in their use of new communication tools.

As pointed out earlier: telephony is a very good tool for carrying out an understandable communication, but people are sometimes hard to find. Pager support was used to solve this problem. The most important conclusion is that a majority of the users was convinced that the use of pagers had improved the communication within the projects. Also the statistics pointed out that the pagers were used intensively, at least during the ‘busy weeks’ of the projects. We noticed however that the pager usage is also highly dependent on the atmosphere within a particular group. In one of the groups the pagers were not used at all. Also the lecturer from this group made very little use of the pager. Our conclusion is that pagers used in combination with e-mail and the Internet can contribute to a better communication within a concurrent engineering group.

List servers are beneficial to especially the ‘overall management’ as a one way communication tool. List servers will be used more often by project team members if  only one team could be addressed to. 

Within our IPD projects an experiment was carried out with Computer Supported Co-operative Work via the Internet. The CSCW toolkit being used for this purpose showed promising possibilities for project communication. The lecturing team decided to continue using BSCW in future IPD projects. However, we found that students, lecturers and company coaches experienced a relatively high threshold in using this vehicle. This may be lowered by more guidance to all parties. The most important use was the communication of text documents; secondly the sharing of programs and thirdly the planning of meetings.

Looking back to the projects we may conclude that modern communication can contribute to speed up the design process. But face to face contact is still necessary and most valuable.

7. FUTURE WORK

The next step in our process is to expand our experiences and work methods to collaborative engineering: working together on a product development with teams on different locations (international). The first steps will be taken with the Lehigh university in the United States and with the Otto-von-Guericke-Universitaet Magdeburg in Germany.

Looking forward to new media tools we think that ICQ ("I Seek You") and conferences using webcams and the internet could assist in this whole process. But all depends on the participation, availability of hardware and software and not at least the abilities of all group members.
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Blad1

		Maxernummer		Student		Studie		WK1		WK2		WK3		WK4		WK5		WK6		WK7		WK8		EF		Maxer

		0660-740411		Akker van de		E/CTI		8		1		2		4		3		1		1		1		ja		retour		nee		nee		nee		i		v		10		25		ja		uit		1		2		veel		z

		0660-740320		Ampting van		E		10								2						1		ja		retour		ja		nee		nee		m		v		10		25		ja		uit		0		6		1		z

		0660-740309		Arnoldussen		W		6		11		10		14		4		1								retour

		0660-740415		Barbier		W		19		13		26		13		7										retour

		0660-740319		Bercken van de		W		6		2		4		1						1				ja		retour		ja		ja		ja		s/i		v						ja		15		4		0		16		z

		0660-740406		Boerjan		W		6

		0660-740298		Broek van de		TN		1				1				1								ja		retour		nee		nee		nee		i		v								uit		0		0		0

		0660-740308		Buijs		W		16		6		2												ja		retour		nee		nee		nee		i		w		10		40		ja		uit		3		0		2		b

		0660-740402		Buijs mark		HLO/OC		6		14		11		17		7				1						retour

		0660-740414		Buijs p.		W		43		16		17		4		31		4		5						retour

		0660-740420		Carter		W						1														retour

		0660-740401		Cloin		E		3				8				24		5				6		ja		retour		ja		nee		nee		i		v						ja		15		1		0		4		b

		0660-740316		Doornmalen van		CT		5		1				1		3										retour

		0660-740297		Geelen		W		12		17		16		18		6		3				1				retour

		0660-740408		Hees v.		E/CTI		34		1		8		20		1		2				3		ja		retour		nee		ja		nee		i		w		0		25		nee		uit		0		0		50		b

		0660-740409		Heijden v.d.		W		19		16		11		15		6		2				1		ja		retour		ja		ja		nee		s		v						ja		5		0		0		0		p

		0660-740307		Hoorn van de		W		84		17		47		22		25		23		13		15				retour

		0660-740422		Hoven van de		E/CTI		29		3		5		7		25								ja		retour		ja		ja		ja		i		w		0		25		ja		uit		0		3		50		b

		0660-740405		Ihle		D		6																ja		retour		nee		nee		nee		i		w						nee		1		1		0		1		z

		0660-740305		Jansen				16		23		23		26		11		5		3		5

		0660-740413		Kater		D		30		25		29		35		54		27		3		11		ja		retour		ja		nee		nee		i		v		5		40		ja		>20		0		0		1		z

		0660-740419		Kollenburg		D		4								1								ja		retour		nee		nee		nee		i		g						nee		uit		0		0		2		niet

		0660-740302		Koning de		W		6		6		1		2										ja		retour		ja		ja		ja		i		v						ja		uit		5		0		5		z

		0660-740417		Kranenbroek		W		2		6		2		3		1								ja		retour		nee		nee		nee		i		v						nee		15		0		0		10		b

		0660-740410		Levels		E		1		5						2		11		4		8		ja		retour		nee		nee		nee		s		v						ja		10		0		0		2		p

		0660-740311		Liempd van		W		8		13		17		14		4								ja		retour		ja		nee		nee		s/m		v		10		25		ja		uit		0		10		0		p

		0660-740300		Malik		HLO/CT		2		3		2								2		3						ja		nee		nee		i		g						nee		5		0		0		4

		0660-740321		Ramaekers		W		5				5				1						1		ja		retour

		0660-740299		Ras		W		1		11		10		13		4										retour

		0660-740315		Rijnen		CT		12		3		1		2		3										retour

		0660-740407		Roesink		E		1		1						1		1				1		ja		retour		ja				nee		i		w		10		25				5		1		0		2		z

		0660-740421		Roon v		HI		1				1														retour

		0660-740404		Schenck Brill van		D		11				3						4				3

		0660-740317		Schijndel van		E		4								1						1		ja		retour		ja				nee		i		w		10		25				5		1		0		2		z

		0660-740314		Schrijnemakers		W		24		14		13		17		4		1		2						retour

		0660-740306		Smeets		W		14		13		16		16		9		1								retour

		0660-740313		Smulders		W		3		11		11		13		4

		0660-740412		Troost		E		1		2						2		2				1		ja		retour		nee		nee		nee		s		v						ja		5		2		0		2		p

		0660-740416		Veenstra		D		2				1														retour

		0660-740403		Wit de		HI		3		2		2		3		2								ja		retour		ja		nee		nee		m		v		10		25		ja		uit		0		5		0		z

		0660-740423		Zelen		E/CTI		39		3		2		6		7		1				1		ja		retour		ja		ja		nee		i		v		10		25		ja		uit		1		0		veel		b

		0660-740293																								retour

		0660-740294						503		259		308		286		256		94		35		63				retour

		0660-740295																								retour

		0660-740296																								retour

		0660-740301																								retour

		0660-740303																								retour

		0660-740304																								retour

		0660-740310																								retour

		0660-740312																								retour

		0660-740318																								retour

		0660-740322																								retour
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