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Abstract. This paper continues on a previous research by the authors that introduced an almost cost-free methodological framework and a tool serving as an organizer of work practices of virtual product design teams destined to developing countries. The framework provided stresses on the definition of actors and modules. Actors are the team members attending the work sessions (meetings). They might include: the designer, the process planner and a market researcher. Modules include: design, market research, data management, constraints management, tools and more. The last three modules, however, do not necessarily correspond to an actor who is a part of the design team and who necessarily attends the web-meetings. They are taken care of by a Webmaster (a team of Webmasters) who ensures coordination, updates and checks consistency among any shared data prior to scheduled meetings. The implementation of the previously contributed methodology and tool was assessed in two egyptian industries and the results are presented in this paper. Three major factors were used to do the assessment: the size and composition of the virtual team, the communication frequency and intensity among the members and the management and development of the virtual team. The assessment related these factors to two performance criteria: creativity enhancement and ressource optimization. Obstacles to virtual design as well as facilitating elements enabling the promotion of such practices within the Egyptian industries are also discussed.
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1. Introduction 

The manufacturing industry in the 21st century is faced with rapidly changing market demands and global competition. Customers require that manufacturing companies make more products with high quality, low cost, perfect service, utmost personalization and above all quick delivery and short lead-time. In this new setting, the use of virtual product design methodologies and tools is imperative to allow competitiveness of the Egyptian products in the global market. In addition to resource optimisation, the virtual work practices offer an interesting solution for organizing work in an Egyptian social environment characterized more by disorder than by discipline.  In a scenario where members of the product design team are all in the country or even in the same city, virtual practices can also facilitate the work and save a lot of time. When some of the team members are in one of the industrial cities such as the 10th of Ramadan and other members are in Cairo, virtuality can be extremely appealing since it puts aside a lot of exceptionally lengthy transportation activities, the unnecessary accompanying cost and the need of replacing an absent human resource.  

Virtuality might give rise to misunderstanding of technical terms or any other data. Teams need efficient communication and exchange to be effective. The use of approaches such as concurrent engineering and tools such as quality houses groups resources and saves time. This also increases the synergetic effect and enhances the competitive advantage. Special efforts are to be oriented to the product design process and the work methods among design teams need to change in order to realize consistency throughout the design process, to enable a design for manufacturability and to respect the voice of the customer. We also need to ensure that there is no loss of information and to have different individuals and functions working to different requirements.

However, contrary to popular opinion, the introduction of collaborative technology (CT) in the workplace does not necessarily enhance collaboration among employees. Traditional teamwork practices taking place in the same location present some disadvantages such as: blockage, influence of dominant persons, difficulty managing time and priorities and free riding. In a virtual setting, these problems might be amplified and others can be added especially when the interveners deal with a sophisticated technology. 

Majchzrak et al. (2000), has helped advance theoretical understanding of how CT introduction affects workgroup collaboration. Cooperative multi-agent systems where used to provide tools for product development teams and more generally for virtual enterprises by Peterson and Gruninger (2000). Wang and Chien (2003) present a contribution where the focus is more on the decision part of the process. Leenders et al. (2003) stress on the social dimension in the virtual work practices. 

Considering the previous findings, the authors developed a simple tool that suggests low virtual interactivity and a relatively low communication frequency since respective users handle modules separately. This better suits our culture where the majority is not used to frequent computer interaction in the workplace. Misalignments (Susmann et al., 2003) are another issue that we want to prevent through “enough-dosed” internet exchange. Virtual product design teams work on a wide variety of products ranging from conventional consumer goods to design in the construction field (Bento et al., 2002).
McDonough et al. (2001) suggest that New Product Development Teams that are geographically dispersed and culturally diverse are growing the fastest. Egypt will be in need for such tools in a very near future. As argued by Donaldson (2002) all activities related to design must be of the highest possible quality regardless the economic situation of the country in order to contribute to development.

The implementation of the previously contributed methodology and tool was assessed in two Egyptian industries. Three major factors were used to do the assessment: the size and composition of the virtual team, the communication frequency and intensity among the members and the management and development of the virtual team. The assessment related these factors to two performance criteria: creativity enhancement and resource optimization. Section 2 presents the tool. Section 3 describes the two Egyptian industries. Section 4 reports on the case study and the conclusion is presented in section 5. 

2. The tool 

A methodological framework and a tool serving as an organizer of work practices of virtual product design teams has been developed in a previous paper (Harraz and El Khayat, 2004). 
The framework stresses on the definition of actors and modules. Actors are participants in the virtual team process. They may be leading a team of specialists but they are the representatives of their respective teams to the virtual design teams. So, actors are members involved in the working sessions of the product development team. They handle alternatives evaluation and participate in the decision making process. They might include: the designer, the process planner and a market researcher. We name actors humanware.  Modules are related to actors through a dependency relationship.  That is an actor and his specialist team takes care of a module.  Modules include: design, market research, data management, constraints management, tools and more.
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Modules are the software part of the process that needs handling by respective actors or humanware. Actors and modules are flexible according to the application on hand.  In the framework, the authors include a designer module, a process planner module, a market researcher module, a data management module, a project management module, a constraints module and a tools module.

The designer module presents information about the design throughout the different phases. Information includes: specifications, drawings, dimensions, colors and all possible variations of a product. An AutoCAD representation is also available on the designer’s module and accessible by members.                                         

The process planner module i
ncludes the process chart, available technology and eventually a job route and identification of resources to be used in shop. Data on operating times and on special considerations in material handling in shop or any constraint relative to manufacturing can also be included.                              
The market researcher module includes information about the used questionnaire if there were one, the types of interviews, the targeted clients and the findings of the research. It includes eventual product alternatives that may be accepted by a client.
The data management module checks consistency and conformity to product standards that should be taken care of during the design process. The users communicate their need to do a change in the interface or to make some links available. As logging on through a password generates a message to the data management module, logging off also generates a message so that the webmaster can decide if it is time to work on suggested modifications or should he wait for more remarks

The project management module provides a planning in time for 
activities to be done by the members of the group. It also provides the meetings agenda. Input is obtained from members through logging on a certain page to fill in a form on their availability and any deadlines before which a meeting can or cannot be set. This is done periodically and eventual constraints in time are accounted for. 

The constraints management module deals with problems imposing constraints on the development process: unavailability of some pieces and prices increase. It takes care of finding alternatives whenever a constraint arises: technical solutions or other suppliers. The decision on which alternative will be adopted can be the subject of a decision making process that can be part of a meeting agenda. 

The tools module offers links to special tools such as free software or in house software hosted on the company’s web site. Tools also include communication tools such as File Transfer Protocol (FTP), links to suppliers and clients websites as well as to websites of any other external organizations or organisms needed in the design process. Setting aside, the researchers effort, there was almost no cost incurred in developing the tool. Free software was used in programming. The reader is referred to (Harraz and El Khayat, 2004) for details on the protocol.

3. Implementation in two Egyptian industries  

The implementation of the previously contributed methodology and tool was assessed at Abu Qir Engineering Industries. The company produces packing products, engineering products and semi-automatic bread production lines. It also designs and constructs compost plants.   

The first industry in which the design tool was introduced is the ovens industry at Abu-Qir Engineering Industries, factory no. 10. The factory produces semi-automatic bread production lines. It also produces bake ovens such as flat bread oven, rotary rack oven, and dough preparing equipment such as dough mixer, dough divider and dough sheeter. 
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The second industry is the waste management industry. The Ministry of local development, through its technical sector, had signed an agreement with the Ministry of Military Production for the construction of 15 composting plants, with capacity of 160-320 tons/day, to serve the Governorate capitals, cities as well as big villages (marakez). 

These projects have a very wide scope of activities and a multitude of tasks that include process design, site and topographical surveys, geo-technical investigations, decision on equipment supply, detailed design and engineering for all civil, architectural, electrical works and mechanical equipment.

Several local and international partners participate in these projects. Local partners include Abu Zaabal for Engineering Industries (Factory no. 100) that manufactures rotary screens and composting machines. A second local partner is El Maadi for Engineering Industries (Factory no. 54) that manufactures bag breaker-slicer. The Egyptian Tanks Plants (Factory no. 200) is responsible of partial manufacturing and assembly of skid steer loaders. Finally ENTAG and ECARU are two private sector companies offering design and operation services.

A number of international partners also contribute to the project. SCARAB Manufacture and Leasing Company is an American partner providing composting and waste management equipment. Hydra Mac provides skid steer loaders, Goudsmit provides magnetic separators and Staalmeester provides hammer mills and choppers. Finally, the star screens are provided by Erin Systems.

The design and construction of separation, recycling and compost plants is taken care of by factory no. 10 of Abu-Qir Engineering Industries in collaboration with the different local and international companies. The company also participates in designing and constructing plants for treating household waste into organic fertilizer with different capacities.
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The operation of the plant is shown in figure 3. First, waste is introduced by a skid steer loader. It goes through bag breakers. A sorting line composed of an over belt magnet, and a baler is used to screen organic material from rejected material. A turning machine is then used to speed the organic material transformation process. A mobile water truck is used with this machine (figure 4). A trommel screen phase comes next and then we get the final product.  
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4. Assessment 

As presented earlier, the rationale behind this virtual work organization is grouping the resources which would result in lots of savings and hence an overall resource optimization. The assignment of several multidisciplinary actors to the job is also expected to enhance creativity.

Creativity within a development team depends on many factors. Some of these factors are the same in a virtual team as well as in a traditional one. Some of them, such as communication, place, time, management and composition of a team, are different in virtual teams (Susman and Majchrzak, 2003), which means that changes affect creativity. Team creativity is the sum of the creativity of each individual and the creativity of interaction between the individuals (Prasad, 1997). A development team is composed of more or less creative individuals. The first important factor is the size of a team, be it a virtual or a traditional one (Pečjak, 2001). Team creativity is also affected by the place where the team is having its meetings or the place where virtual meetings are happening. When speaking about creativity, communication within the team should not be neglected. Communication within a virtual team is particularly important in terms of exchanging views since simultaneous and rapid development of complex products requires intensive communication (Tavčar and Duhovnik, 2000).

Based on (Jo‍že Tavčar et al., 2004), three major factors were used to do the assessment. The first factor is the size and composition of the virtual team. The second is the communication frequency and intensity among the members and finally the management and development of the virtual team constitutes the third factor. 
The assessment related these factors to two performance criteria, being creativity enhancement and resource optimization.  

The results of the assessment in the ovens industry are presented in table 1. In this type of industry an old experienced worker possessed information about all the possible design alternatives and as seen in the table the size and composition of the team as well as the formal management and development of the team represented a threat to the old worker and he tried his best to hinder the team process. The increase of these factors affected our two criteria negatively. However, an improved and sometimes intense communication helped clarify some points and provide more ideas from interveners, which contributed positively to the two performance criteria   



One the other hand, the assessment in the waste management industry showed different results.  The size of the team and the richness of its composition contributed to creativity enhancement as well as to resource optimization. Various creative inputs contributed positively to the design process. Formal management and development practices also affected the performance positively as the interveners were of a higher level of education and professionalism and could accept formal methods of working.  However, the big number of interveners complicated the communication and information exchange and hence affected the performance negatively. 



Throughout our investigation, one obstacle to virtual design practices seemed to be the mentality of centralization. The employees also had some fear regarding the loss of financial compensation and allowances in case of implementation of virtual teams. The traveling and meetings among the different interveners in the design phase resulted in an important financial compensation to the different participants. 

The maintenance of the tool was an important concern. In spite of its simplicity, information updates seemed to be problematic. In the mean time the security of the internet or any computer network that the team may use was another problem. A final source of anxiety was the documentation and the possibility of follow-up. The tool constitutes a proof of the input of all interveners to the design process.   

However, some facilitating elements enabling the promotion of virtual design practices exist. We believe that the absence of a formal design practice helps implement a new methodology without trying to continue with an old one and trying to compare both approaches. Besides, the increasingly low cost of communication in comparison to logistical costs makes the tool appealing. We also believe that Egyptians have an interactive culture that would facilitate the promotion of team practices whether in a virtual setting or not. A final encouraging element is the ease of use of the designed tool. 

5.  Conclusion 

The implementation of a simple methodology and a web-based tool supporting virtual product development teams was assessed in this paper. The implementation at the ovens and the waste management industries at Abu Qir Engineering Industries, factory no. 10 was investigated. The multitude and diversity of the interveners in the waste management industries recommends the use of such methodologies. Although some obstacles may be encountered, lots of factors are encouraging.
 The engagement of the top management is a determinant of success. Government support is also sought in promoting such practices. 

Our concern is not only the success of the implementation of the tool. As argued by Hasan (2002), sustainability of the human-computer interaction is an important issue in implementing such design tools. This sustainability issue is also problematic in distance learning experiences. Many students abandon their distant learning courses because they cannot continue the interaction with the machine. However this problem was solved in part, in the distant learning context, through good tutoring strategies that encourage the candidates to continue their studies. The introduction of the “equivalent” of such tutoring strategies that would enable a follow-up of the different interveners in a design experience is an avenue for future research. In a design context the tutor’s role evidently changes and it merits a special definition and some formalism. 

Finally, as suggested by Wiersma (2004), Active Learning Experiences present a sort of an industry-academia partnership where virtual work practices between students and industry professionals are used in learning activities. The spreading of these virtual learning practices in industry can help make the adoption of virtual product design methodologies part of a natural evolution process. Having such partnerships between the Egyptian universities and industries constitutes a future effort.
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Figure 2. A dough mixer and divider 





Figure 3. Plant operation 





Figure 4. Mobile water truck





Table 1. Assessment of the tool in the ovens industry





Table 2. Assessment of the tool in the waste management industry
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