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Abstract: The paper proposes a comprehensive reference model for Global Product Development (GPD), in which PLM (Product Lifecycle Management) technologies play their relevant role. The model has been defined starting from a detailed analysis of the literature and trough an empirical research conducted in Italy in the last year. The proposed model considers at the same time the organizational and the technical implementation of GPD, and it could be used for mapping the “as is” GPD state of a company, as well as to define the possible evolutions a company can follow in setting up its GPD strategy. 
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Introduction
Globalization is the trend of economic, cultural and traditional phenomena to assume a worldwide dimension, crossing every national or regional border. With its multidimensional and multidisciplinary characteristics, it affects all the business processes, from manufacturing, to product development. Globalization exists from the beginning of the human history: all the past empires and industrial revolutions faced it. However, the current meaning of globalization started in the early ‘80ies, even if importance in doing business was not immediately understood by the world community. With the advent of the ‘90ies, globalization spread out its power. In a first period, globalization was just a mere outsourcing of production facilities, mainly a speculative manoeuvre whereby manufacturing companies sought to reduce labour costs by shifting some of their activities in cheaper countries. Later, with the Internet revolution and the rise of web-based architectures, companies started to move “soft processes”, like product support, bank services, customer care, etc. Soon, more intellectual and value-added activities (starting from software development, until the research and development) became global, involving emerging countries, like China and India. Gradually, many companies abandoned their reluctance to globalization, becoming transnational entities, looking for the best way to keep their competitive advantage, in the global market, finding the best talents in any corner of the world. With the evolution of technology and a better understanding of the context, the paradigm of GPD (Global Product Development) was then definitely created. 
Starting from multinationals companies, many other actors have done the same gaining valuable achievements, and many authors tried to define behavioural models in which describe the decisional drivers of globalization and GPD in particular, but none of them considered the link between strategies and technologies adopted. The present paper aims to propose a comprehensive model, multidimensional, for filling the gaps which still exist in literature.
State-of-the-art of GPD
GPD is a concept addressed by many academics and researchers, using different terms, like Distributed Product Development (e.g. PDMA Handbook 2008), Global/International R&D (e.g. Von Zedtwitz and Gassman 2002), Global Collaboration (e.g. MacCormack et al. 2007), and Global Innovation (e.g. Cleveland 2006). In its wider sense, GPD is a unified product development process where design teams work collaboratively on a single process or product across multiple geographic locations (Eppinger and Chitkara, 2006). It involves both R&D and marketing strategies (e.g. Yelkur et al. 1996, Guerini 2006, Kumar et al. 2009), and obviously it influences also education of young engineers and designers (Bilén et al. 2002).
Product Development (PD) process in most manufacturing sectors is more and more stressed by global competition and increasing pressure, which ask to (i) improve product quality and innovation, (ii) reduce product cost, (iii) reduce time-to- market, (iv) rapidly respond to changing customer needs, (v) react to shortened product lifecycles and manage retirement processes, (vi) create by-products and up-sell products, enlarging the product definition (e.g. with new services provision). With these pressures driving product development at an ever increasing rate, many analysts (e.g. Eppinger and Chitkara 2006, Hojlo et al. 2007) have found that many manufacturing firms across a diverse array of industries were formally examining GPD opportunities. How quickly manufacturing firms actually outsource to offshore entities is a calculated balance between product development risk and the need to remain competitive. The main motivations leading such a relative new wave of globalization are generally summarized in four bullets (e.g. Eppinger and Chitkara 2006, Graber 1996, Kottolli 2007, Von Zedtwitz and Gassman 2002): (i) costs, (ii) markets proximity, (iii) available competences and (iv) compliance with environment characteristics (i.e. local regulations and standards).
GPD is primary an organizational matter, generally defined as CPD (Collaborative/Concurrent Product Development). CPD consists in organizing distributed teams for enhancing GPD strategies. Its aims are the pursuit of knowledge within other organizations (e.g. Rodriguez et al. 2005) and to enable people to participate in the GPD chain, cooperating with geographically dispersed partners (e.g. Li et al. 2007). Involving people, it becomes fundamental the ability of manage mechanisms like collaboration and integration (e.g. Mudambi et al. 2007, Jin et al. 2007). 
Many authors (e.g. Poole 2004, Molina et al. 2005, Eppinger & Chitkara 2006, Kottolli 2007, Lasserre 2007, Yam et al. 2007, Ruy et al. 2008, Reich et al. 2009) see communication, training and education as core elements of GPD. They are able to provide to project team members the problem-solving skills, moral support and mechanisms to manage a distributed environment. Involving people introduces, also, all the typical aspects of human resource management, team management in particular. All this, as many authors reported (e.g. de Brentani et al. 2004, Santos et al. 2004, Kleinschmidt et al. 2007, Mudambi et al. 2007, Andersen et al. 2009), constitute organizational and managerial challenges for companies and highlight the ability of MNCs (Multi-National Companies) to influence their innovative skills through a global distribution and to create value. 
The cultural aspect is another big problem in team management described from many authors (e.g. Santos et al. 2004, Ambos et al. 2004, Sivakumar et al. 2003, Pitta 2005, Perks et al. 2003). Different cultural values can create conflicts, misunderstandings, and inefficiencies but, at the same time, a cultural heterogeneity can encourage the generation of new ideas and creativity. Despite all these problems, in the second half of the ‘90ies distributed teams was widely diffused. Examples demonstrating this expansion can be found in many articles (e.g. Graber 1996, McDonough et al. 2001, Ambos et al. 2004). Collaboration is the new source of competitive advantage (e.g. MacCormack et al. 2007). For its management, there are many ways: (i) a timescape vision (Harvey et al., 2007), (ii) a space/time/context vision (Martinez, 2008), or (iii) a stakeholder vision (Ghosh et al., 2004). Virtual Teams (VTs) are the best alternative to support collaboration according to several authors (Tavčar et al. 2005, Harvey et al. 2007, Thal et al. 2007). VTs are culturally different, geographically dispersed, electronically communicating teams, who think and act in concert. A VT becomes crucial for success. These researches showed that, with advances in technology, working in a VT is growing in importance, even if specific knowledge and skills of team members remain an obstacle greater than the communication between different technological tools. Smeds et al. (2003) and Molina et al. (2005) see, instead, communities of practice as the only way for the development of a process of global business, understood as a balance between negotiation and learning among the local practice and global planning.
A series of advices for a practical implementation of GPD is offered by many authors (Graber 1996, Yelkur et al. 1996, Ichijo et al. 2008). ODM (Original Design Manufacturing), and its derivation CDM (Collaborative Design Manufacturing) are two significant examples of what can be done with a well defined GPD strategy that involves multiple independent companies, as described in different papers (e.g. Chu et al. 2005; Wu, 2007; Hsu 2009).
In many contributions – like Chesbrough (2003), Lynn et al. (2005) and Hojlo et al. (2007) – GPD deals with the phenomena of outsourcing of R&D as well as mobile working. As noted in Coe et al. (2004), working in inter-firm networks has highlighted the significance of the organizational structure of the global production system and its relationship with the improvement of industry. GPD not only brings benefits but also problems, as follows Palpacuer et al. (2003), and isn’t always suitable for all companies. 
GPD drives companies to a number of dilemmas, as explained by Von Zedtwitz et al. (2004), which creates strong managerial implications and requires appropriate risk management localization, as noted by Hojlo et al. (2007) and Leung et al. (2008). Furthermore, it may require concentration and/or control of R&D activities distributed worldwide in headquarters or at technology partners. This control centralization makes it possible to exploit economies of scale, reduce TTM and development costs, and better balance the communication and coordination between teams. The choice of centralization may depend on a number of factors: (i) industrial policies, (ii) incentives, (iii) presence (potential or real) of useful technologies, universities, research institutions, education. It is also strategically important to the existence of local expertise. Whatever the strategy, it is important to analyze: 
· External factors: context characteristics (Coe et al. 2004; Kottolli 2007; Yang et al. 2009), types of governance (Boehe 2008), operational allocation (Vos et al. 1996), standards, laws and local rules (Gunzenhauser et al. 2008). 
· Internal factors: native country, product management group, prevailing culture and practices of management and organization (Gerybadze et al. 1999), commitment of management, modularity of products/processes, competencies, intellectual property, data quality, infrastructures, governance (Eppinger and Chitkara 2006; Kottolli 2007; Lasserre 2007).
GPD and PLM technologies
The first collaborative technology for supporting GPD – in chronological order – was PDM (Product Data Management). According to Abramovici et al. (1998), PDM is a suitable instrument to support PD teams, due to its data management and the real-time control of the entire process. The evolution of PDM systems was then represented by groupware (e.g. Wedlund 2000). Groupware means the sharing of real-time information within physical and virtual networks among distributed working groups. Due to its potential, this tool has been the architect of the network expansion outside the company (e.g. Dustdar et al. 2003). 
GPD technologies then influenced the computer graphic display systems for managing distributed information, like examples offered by Maropoulos (2003) and Wang et al. (2008). GPD requires not only a common and collaborative technology for virtualization, but also a PD operations integration that enables dynamic responses to market changes. One method is the CPF (Collaboration Planning Framework) proposed by Salhieh et al. (2003). In 2005, Li et al. proposed, as support for creative projects, a model based on innovation for collaborative PD called CIDP (Collaborative Innovation of Product Development), built by the KBE (Knowledge-Based Engineering). Other interesting technologies are object-oriented (or feature-based), described by many authors (e.g. Rodriguez et al. 2005, Mi et al. 2006, Bradfield et al. 2007, Lee et al. 2007, Mohan et al. 2007, Sadeghi et al., 2009). For some authors, one area where GPD technologies are able to make a difference is also the SCM (Supply Chain Management) in distributed environments. Liu et al. (2006) discussed the advances obtained in the SCM for the development of a networked SCP (Supply Chain Partnership) as a value added tool during globalization. The same guideline is followed by Yujun et al. (2006) in which is discussed the transition from management models based on supply chain and material flow to those based on target flows, named CPDC (Collaborative Product Development Chain).
Nowadays, PLM (Product Lifecycle Management) has been chosen as a reference acronym for addressing the market of information and communication technologies (ICT) in product development and product delivery processes. PLM technologies enable companies to establish truly viable distributed PD initiatives through the use of highly secure collaboration, enterprise data management and process automation capabilities. Establishing a PLM approach means to reduce the galaxy of information silos (databases, sheets, files, notes, etc.) in which product data are generally dispersed to a coherent data flow, avoiding redundancies and gaps. 
Generally, market considers “PLM tools” a number of software and systems supporting product development, such as Computer Aided tools (CAx), PDM, and KBE systems. All these systems are normally addressed as “PLM components”, even if they are divided in authoring tools (CAD 2D and 3D, CAE, CAPP, CAM, Rapid Prototyping, DMU, etc.) and collaborative product development and management platforms (PDM, KM, TDM, EDM, etc.). GPD is a strategy intrinsically enabled and supported by PLM tools. In particular, trying to synthesize, it is possible to say that PLM supports GPD in two main aspects:
· PLM authoring tools automate and improve the product development process. Digital assisted design is the foundation of design collaboration. Without CAx tools, it is quite impossible to imagine any distributed product development, even less at a global level. It is interesting to see how CAx tools are more and more interoperable, facilitating the allocation of product development tasks in dispersed and differently ICT equipped teams.
· PLM collaborative systems support data exchange and data storing among GPD centres. These platforms provide repository and communication services, enabling effective collaboration among diverse actors, independently by their localization. Nowadays, internet and web-based technologies are the pillars of such systems, enhancing effective collaboration more and more. Without such a system GPD could not really work.
GPD models
GPD is a complex phenomenon, and it might be analyzed using proper descriptive behavioural and organizational models. 
In 2000, Chiesa defined foreign-based R&D laboratories based on two structures: (i) Specialization based, where a single R&D laboratory has full global responsibility for a product; (ii) Integration based, where different R&D units contribute to technology development programs. Gassmann and Von Zedtwitz (1998 and 2002) classified centres of expertise by locations of research or development activities. On that base, they defined four methods to support the location of new R&D centres: (i) National treasure, where both research and development are done domestically; (ii) Technology-driven, where development is domestic and research dispersed; (iii) Market-driven, where research is domestic and development dispersed and (iv) Global R&D, where both research and development are dispersed. On that basis, these authors defined four main strategies to GPD: (i) Internationalization of research, (ii) Internationalization of development, (iii) Development follows research and (iv) Research follows development. In 2005, a PLM vendor, PTC, proposed its GPD positioning paper, defining a GPD maturity model composed by 5 levels: (i) Level 1, None GPD; (ii) Level 2, Ad Hoc; (iii) Level 3, Discrete Services; (iv) Level 4, Co-Development and (v) Level 5, Transformational Outsourcing. Then, in 2006, Eppinger and Chitkara identified four fundamental modes of GPD (Centralized (Local), Captive Offshore, Local Outsource and Global Outsource) in a two-axis matrix (Location of Resources vs. Ownership of Resources). In their paper, also, they defined a three-stage model for explaining the main approaches for an implementation of GPD: (i) Process Outsourcing, (ii) Component Outsourcing and (iii) Captive Design Centre. Finally, in 2007, Lasserre proposed a two-axis matrix (Global integration versus Local sensibility). This classification individuates competitive needs of an industry or a segment of business and, even, aiding companies to formulate business strategies and location definitions.
Comparing all these models it is possible to highlight how none of them is able to define a correlation between GPD strategies and PLM technologies adopted by companies implementing GPD. This is one of the main gaps, which exist in the literature of GPD. This gap is also confirmed by a wider literature analysis: on a total of more than 95 papers related to GPD, 82 deals with “Why GPD is applied”, 40 on “When GPD is adopted”, 37 on “Where GPD is realized”, while only 14 responded to “How GPD is implemented”, using which technologies and tools. These results stimulated the need to define a new reference model, able to map not only the strategic decision of making GPD, but also how technically enable it. For supporting this research question, an empirical research was primary carried out in some Italian companies, as the next paragraph will present.
Empirical research
During 2009, an empirical analysis about GPD application was conducted in Italy, following a previous research conducted two years before. On a basis of 93 companies contacted, 82 of them declared to implement normally GPD in their processes. Among these, only 20 accepted to be interviewed and analyzed in detail. A reference questionnaire was developed, with open questions. The questionnaire was composed by 3 sections: (i) company general information (i.e. organization, markets, products, and processes), (ii) internationalization of PD activities, and (iii) PLM ICT systems. Phone and mail interviews were conducted. R&D managers, Chief Information Officers and Executive Officers were interviewed. 
The following section shows the main results of such inquiry. 4 companies are owned by foreign actors but have a permanent establishment in Italy, the others 16 are owned by Italian actors (groups, families, single owners). Among 20 companies, 30% are from automotive sector, 25% from the general mechanical sector, 10% from interior sector, 10% from thermo/hydraulic sector, 10% from electrical sector, 10% from aeronautic sector and 5% from design sector. 25% of companies are typical Italian SMEs (< 250 employees, income < 100 M€). 15% of companies have less than 1.000 employees and an income less than 500 M€. 60% have more than 1.000 employees and an income spreading from 500 M€ up to 5.940 M€. In terms of numbers of engineers employed in PD, 30% of companies have less than 25 engineers, 20% have employed from 25 to 100 designers and 50% of companies engage more than 100 engineers. 
Product complexity is a composite variable that measures the number of product families, the number of product components, the number of technologies adopted inside a product and the degree of product standardization; such a composite variable is a proxy value for evaluating the degree of product sophistication and product maturity. In the sample, 45% of companies realize high complex products, 25% realize medium complex products and 30% have a low complexity.
About PLM ICT systems, all the companies have a CAD 3D system in use; 17 companies use also a PDM integrated with CAx tools. Just 3 cases didn’t install a PDM system. About distributed product development, 5% of companies applies it a national level, 95% apply GPD: 10% operates in Europe and USA, 20% in Europe, 40% in Europe and India/China, 25% all over the world. 65% of companies work only with owned distributed centres, 20% only with external partners, and 15% with internal and external collaborators. 
Interesting information came from the role of GPD managers. In fact, only in 20% of cases it corresponds normally to the PD director; in all other cases GPD responsibility is associated to many different figures among the organization (R&D manager 10%, Design manager 15%, ICT manager 15%, Marketing manager 5%, Operation manager 5%, Product manager 5%, Systems manager 5%, CAD manager 10%, tech office manager 10%) or, in some cases, externalized.
All the data acquired by the companies through the questionnaire was condensed in a database that, appropriately decoded in binary language, has created the bases for the application of a cluster analysis on data. From this analysis, four main variables appear to play a relevant role:
· PLM ICT maturity: It assesses the presence in the company of GPD systems and features that are used in normal business operations than those listed in the questionnaire. All to assess the progress of GPD technologies. It derives from a weighted average of simple variables like the presence (or not) of CAD 3D and PDM and the number of GPD functions used.
· Design relevance: assess the importance of design within the normal operating cycle. It derives from the composition of weighted simple variables like responsibility level, mobility of resources and product complexity.
· GPD commitment: It assesses the presence of an adequate organizational structure to exploit all the potentialities offered by GPD and the rules for resource management and facility relocations; also evaluate the reasons which prompted the use of GPD and the presence of a collaborative culture inside the company. It derives from the comparing of R&D distributed centre characteristics, presence of GPD culture and motivations connected to GPD.
· Partner localization: It assesses the presence (or not) of company partners or R&D distributed centres in areas recognized as low cost labour markets.

The performed analysis revealed the following main evidences:
· Drivers do not vary, in general, with the industry they belong. Depending on circumstances, drivers follow the company size (automotive, electrical and aerospace industry), while in other contexts there is no correlation (mechanical and thermal / hydraulic industry).
· There isn’t, in general, a direct relationship between industry and strategy followed. In every industry, there are still elements that bring together companies first, but differ in all the others. The only change apparent in many industries of the sample concerns the behaviour of large companies in comparison to others. It is possible to assume that big companies follow GPD strategies usually more complex than SMEs (Small and Medium Enterprises) analyzed.
· Technology does not seem to be connected directly to the industry of companies, but to their size and complexity of the products realized. In fact, according to data collected, the most sophisticated PLM technologies are in possession of big companies that make complex products while reducing in number and functionality if you go down to those of medium and small size.
· It is not generally true that companies in the implementation of GPD looks at best practices. Only 7 companies out of 20 claimed to have made reference to best practices in their industry at the time of implementing GPD technologies. The others are usually assigned to the advice of vendors, selected after a standard evaluation of investment in information technology.

From all this information, it was possible to depict a first draft of a new reference GPD model, in which consider both technological and strategic drivers of GPD.
Proposal of a reference model for GPD
The proposed model is composed by a three axis chart. In each of the axes there is a matching between the four variables extracted from the database:
· PLM ICT orientation: It derives, as well it can be assumed, from the macro-variable PLM ICT maturity. It allows highlighting the state of GPD technological innovation in the company and the propensity of the same to new ways of working at a distance. The dimension is analyzed using a rating scale that distinguishes between “Advanced” companies and “Traditionalists”. The former is characterized by the presence, within its own organizational structure, of a strong and deeply rooted culture of remote collaboration between different operators, supported by the latest PLM communication technology, and cooperation spread over different geographical areas. The latter, however, remain tied to their cultural origins, keeping within technologies deemed reliable, but now outclassed, thus limiting outside collaboration.
· GPD strategy: It refers to the macro-variable GPD commitment to which must be added the other macro-variable Design relevance. Its objective is to identify the propensity of firms to implement an efficient and effective GPD strategy, not only by reviewing the internal and external organizational structure of distributed centres, but also (i) the willingness to cooperate with external partners, (ii) motivations that have prompted the choice of GPD, (iii) GPD strategic objectives and (iv) the role occupied by companies within the command chain. The scale of assessment, in this case, it returns two possible scenarios: “Proposed” and “Imposed”. The organizational structure in both situations may be appropriate or not to support distributed design activities. What changes is the presence, in the first case of individuals with a propensity to make use of external inputs and a set of motivations and strategic objectives related to GPD directly defined and imposed to its outsourced centres. In the second case, however, we find companies that are engaged in distributed design exclusively with other centres within the same multinational group, taking directives from the inherent GPD strategies to be used in normal operations.
· GPD network dimension: It results from the macro-variable Partners localization. In this case, however, is not going to consider only the presence of distributed sites in low cost labour areas or not, but observing directly the number of distributed centres owned and external collaborators for design activities and development. All this to provide an overall assessment of the collaborative network complexity that every company needs to manage, classified into two levels: “Partial” and “Global”. In the first type, there are all the companies that have design and development centres only in high labour cost countries, whose employees are internal to the corporate group and the number of “nodes” of the cooperation network is limited to a few units. In the second set, however, there are companies that, given their size and market share, may benefit from distributed sites around the world, whose external collaborators are present in various locations and the collaboration network thus obtained is very complex in terms of numbers of “nodes” that must be connected together.

With the proposed model, it is possible to map the “as is” condition of the sample in a 3D space. Then it is possible to define a series of predictable changes in the position of firms analyzed directly in a virtual 3D cube, limited by the axis of the proposed model.
Within the model, there are at least four critical evolutions, which might be discussed in detail (Figure 1):
· The first area (Figure 1.a) characterizes companies that are implementing for the first time a GPD system inside their organization. In this context, is possible to dispose of all changes mapped by the cube. A company can move strategically modifying only one of the three dimensions or, best, acting on two or all the dimensions simultaneously. With the arrows are reported changes that impact on GPD strategies and are believed more complex to realize.
· The second area (Figure 1.b) is typical of GPD partners, normally represented by SMEs, involved in global collaboration networks with multinational companies. In this specific case, the partner needs necessarily to evolve for avoiding its substitution with a more advanced competitor. Possible changes can involve PLM ICT, GPD strategies or, best, both the axis, moving toward best practices. Changing in strategies are related to the contract power of partners.
· The third area (Figure 1.c) is a common characteristic of both GPD partners and multinational’s owned distributed centres. The first case is equal to the previous, except that, now, partners can evolve in GPD network dimension instead of ICT. For the others, there is a problem in modifying GPD strategies depending on the importance of centres inside the global network. This is a question of corporate strategies that must be analyzed deeply and goes outside our aims.
· The last area (Figure 1.d) is typical of multinational’s owned distributed centres. This is a particular case, because there is a unique available evolution that involves a change in strategies. This change is only theoretically possible, and it remains connected to other corporate strategies.

Figure 1 The main behaviours of the proposed reference model
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Respect those presented in literature, the proposed reference model doesn’t explicit the type of collaboration network, the location of centres, the ownership of resources and sensitivity to local needs. All these issues are implicitly considered in the axis. On the other side, the model can map the suitability of organizational structures, the PLM state (only  from the ICT side), the evolution in GPD strategies (characteristic presented also in Eppinger & Chitkara, 2006 and in PTC, 2005) and, finally, it has the support of a single 3D representation.
Conclusions
The paper presented a reference model for GPD. Starting from the introduction of the topic, was analyzed, firstly, the state-of-the-art in GPD. From this, was possible to define both the last PLM technologies and the GPD models available in literature. Secondly, was determined the Italian state of companies by an empirical analysis of 20 enterprises. Finally, was proposed a new reference model for GPD that acquires, for its application, both technical and strategic information. This model could be used not only for the mapping of the “as is” state of enterprises, but also for the definition of a series of possible evolutions. Future developments regard the adoption of the model on a best significant enterprise sample.
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