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Abstract 

The move towards offering product-service systems (PSS) requires the involvement of 

stakeholders from heterogeneous functions or companies with knowledge of the 

different stages of the life cycle. This challenges the way in which organizations create, 

share, and manage knowledge across functional and corporate boundaries. The 

management and reuse of knowledge within the cross-functional teams are still 

enormous tasks, especially when dealing with semi- structured or unstructured 

information, as well as with informal and tacit knowledge.  

The purpose of this thesis is to explore how a lightweight collaborative approach can 

support knowledge sharing in cross-functional collaboration in the context of product-

service system development. Through an empirical analysis of the knowledge 

management practices within cross-functional collaborative teams in the aerospace 

supply chain, this thesis describes the knowledge-related problems in light of the 

implementation of a PSS paradigm and explores how lightweight collaborative 

technologies can enable knowledge sharing in boundary-crossing collaborative 

environments. The study adopts a qualitative research methodology whose empirical 

findings are based on two industrial case studies. Data have primarily been generated 

through interviews, focus group meetings, and survey questionnaires.  

The research work outlines the limitations of current knowledge management 

systems in capturing, managing, and reusing cross-functional knowledge in PSS 

development, pointing to lightweight collaborative technologies as a key knowledge-

sharing enabler for PSS development. Furthermore, the study elaborates upon the 

opportunities and challenges embedded in the lightweight concept by using SWOT 

analysis as well the development of several scenarios in which social, bottom-up 

technologies are applied in an engineering context. This approach results in the 

identification of promising areas for the significant impact of PSS development, such as 

in identifying new product opportunities, locating the right capabilities in the 

organization, and capturing the design intent and design rationale. These areas 

eventually highlight the features and requirements for effective lightweight knowledge 

sharing in PSS development efforts. 

The research work introduces Web 2.0/social software applications and methods as a 

bottom-up and lightweight collaborative approach for knowledge sharing in PSS 

development. These technologies can enhance knowledge sharing by promoting 

dynamic ways of interaction among knowledge workers, exploiting the network of 

connections through the collective creation and maintenance of shared knowledge 

assets, and enabling access to individual tacit knowledge, thereby ensuring continuous 

organizational learning.  

 This research work is particularly significant as the adoption of a Web 2.0/social 

approach in engineering collaboration is still not eminent. The thesis outlines several 

issues that have to be addressed from both methodological and technological 

perspectives before pursuing the wide adoption of lightweight tools in the areas 

identified.  
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1 Introduction 

The first chapter of this thesis presents the introduction as a whole, including the research 

background, which covers the major trends and transitions in engineering and product 

development, and the main motivation behind this research. The chapter then describes the 

research aim and summarizes the research questions.  

 

The development of technologically complex products requires a wide range of skills, 

knowledge, and expertise, as well as flexible resources, which can be difficult to find “in 

house”. For instance, the development of aerospace products requires the integration of 

knowledge from a broad range of disciplines, including engineering, electrical, 

electronics, aerodynamics, material science, and computer science fields (Acha et al., 

2004; Prencipe, 2004). Thus, organizations are increasingly moving towards strategic 

alliances with external partners, such as customers, suppliers, research centres (e.g., 

Khanna et al., 1998; Eppinger and Chitkara, 2006), and even their competitors (Hamel 

et al., 1989) to develop innovative new product solutions or even incrementally improve 

existing products. Over the years, several enterprise collaboration concepts, such as 

supply chain integration (Ross, 1998), extended enterprise (Browne and Zhang, 1999; 

Kanter, 1999), and virtual enterprise (Davidow and Malone, 1992), have emerged to 

support such strategic alliances (Jagdev and Thoben, 2001).  

The ability to cross organizational boundaries is vital for establishing successful 

enterprise collaboration practices in this networked environment. Crabtree et al. (1997) 

observed that collaboration within a single company during product development is a 

difficult process given the problem of co-ordination as well as the acquisition and 

accession of information and knowledge. Collaboration becomes even more 

complicated in simultaneously competitive and collaborative environments, where many 

globally distributed partners’ information and knowledge needs to be managed in an 

effective and efficient manner (Jarvenpaa and Ives, 1994).  

This study deals with such cross-company development efforts and explores the 

possible ways to achieve a sustainable competitive advantage in these environments. The 

next section describes some of the major trends and transitions supporting the 

motivation behind this thesis. 
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1.1 Trends and transitions in Engineering and Product Development 

1.1.1. From ‘traditional’ product(s) to Functional Product(s)  

 

In a traditional manufacturing situation, companies sell goods to customers in the form 

of physical products. However, to compete in the dynamic global economy, 

manufacturers have to come up with innovative ways to differentiate their market 

offerings to remain competitive and make a profit (Shaw and Ivins, 2002). 

Manufacturing firms are exploring the possibility of moving beyond the ‘traditional’ 

product offerings to deliver integrated hardware/software/service solutions that are able 

to create unique customer value (Vandemerwe and Rada, 1988; Goedkoop et al., 1999; 

Thoben et al., 2001). Vandemerwe and Rada (1988) term this trend as ‘Servitization’ 

and describe how firms initially considered themselves to be in goods or services, then 

moved to offering goods combined with aftermarket services, and finally reached a 

position where they offer integrated ‘bundles’ of customer-focused combinations of 

goods, services, support, self-service, and knowledge. Manufacturers can achieve a 

competitive advantage through these offerings because they can distinguish them from 

their competitors (Oliva and Kallenberg, 2003) and make it possible to gain deeper 

insights into their dynamic customers’ needs, thereby enabling them to develop more 

tailored offerings (Baines et al., 2009). This approach can help manufacturers innovate 

faster since they become increasingly knowledgeable about how their products perform 

throughout their life cycles, understand customer behaviours, and identify improvement 

needs, among other benefits.  

The emerging ‘functional thinking’ approach is evident in business paradigms such as 

Product-Service Systems (PSS) (McAloone and Andreasen, 2002; Mont, 2004; Tukker 

and Tischner, 2006). The basic principle of PSS is to offer the customer the ‘function’ or 

‘performance’ of a product while retaining ownership and responsibility throughout the 

entire product life cycle (Baines et al., 2007). This business model helps to bind 

customers for a longer period than typical product sales models with routine 

maintenance offerings and opens new ways for economic benefits. Other business 

trends or technical disciplines commonly related to the PSS concept include Functional 

Sales (Lindahl and Ölundh, 2001), Service Engineering (Tomiyama, 2001), Integrated 

Product and Service Engineering (IPSE) (Lindahl et al., 2006), Functional Product 

Development (FPD) (Brännström, 2004; Ericson, 2007) and Industrial Product-Service 

Systems (IPS2) (Meier et al., 2011).  

1.1.2 From traditional product development to Functional Product Development 

 

Manufacturing companies have traditionally focused their engineering design and 

development activities on realizing the technical and engineered aspects of physical 

artefacts (e.g., Pahl and Beitz, 1996). Shifting towards a PSS paradigm moves the focus 

of design and development activities from simple physical artefacts to the innovation of 

whole life cycle provisions of a product and service mix (McAloone and Andreasen, 

2004; Isaksson et al., 2009). This requires new integrated methods and tools for 

planning, development, and delivery of PSS compared to the traditional product-
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oriented development approach. The existing development models in product 

development literature, such as Integrated Product Development (IPD), partly reflect 

this sense of developing products not only with a focus on engineering (e.g., Andreasen 

and Hein, 1987), but also still strongly focused on developing and producing a physical 

product, including the generic development process presented by Ulrich and Eppinger 

(2008). Furthermore, the concepts of ‘design for X’ (DfX) methods are developed in a 

way to addresses different issues that may occur during product life phases (Kuo et al., 

2001).  

Several researchers have emphasized that the PSS approach places new demands on 

knowledge and competences, activities, roles and responsibilities, resources, capabilities, 

and relationships related to product and service design processes (Brännström et al., 

2001; Ericson et al., 2005; Matzen et al., 2005; Tan et al., 2007).  

The focus on product design from a life cycle perspective radically changes the nature 

of design task, which has to be grounded on a different knowledge base than before 

(Larsson et al., 2008). Accordingly, when developing PSS offerings, the knowledge from 

later phases of the product life cycle needs to be used as fundamental knowledge in the 

earlier phases of the development process (Nergård et al., 2006). This knowledge exists 

among different actors within the business network and hence it is important to involve 

these actors at an early stage in the development process.  

In order to develop integrated solutions, it is important for organizations to develop a 

long-term relationship with their partners (Matzen et al., 2005). As Windahl and 

Lakemond (2006, p. 807) stated, “the development of integrated solutions necessarily involves 

high interaction and sometimes-blurred boundaries between the actors. Customers as well as 

suppliers have important latitude on the development of these integrated business offerings”. This 

creates a challenging situation for PSS organizations, which need to be in a permanent 

evolutionary process to create mutual value with their partners by adjusting their design 

and development activities, production capabilities, and organizational structures (Brax, 

2005). Hence, it seems necessary for PSS organizations to identify their actors early in 

the development process in order to consider their common interest and common goals 

to design the whole system together as well as organize the interactions between them 

(Morelli, 2006; Maussang et al., 2009). As highlighted by Prahalad and Ramaswamy 

(2004, p. 137), “value is now centered in the experiences of consumers”. The development of 

PSS will eventually lead to a complex organizational structure (e.g., Matzen et al., 2005). 

Successful PSS development depends on how well the manufacturer combines the value 

activities of multiple actors in their network. As such, for a PSS supplier, system 

integration is a core capability (Davies, 2003). “This capability rests both on a broad system 

engineering expertise and on organizational structures that support interaction between different 

disciplines and departments” (Windahl and Lakemond, 2006, p. 814). 

1.1.3 From co- located engineering teams to virtual cross- functional teams 

 

Traditionally, product development activities such as marketing, designing, engineering, 

and manufacturing are carried out sequentially through functional departments. In such 

sequential engineering or the ‘over-the-wall’ approach to product design, each function 

focuses exclusively on meeting it specific requirements as established and handed over to 
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another function (Yazdani and Holmes, 1999). This process simply neglects to consider 

downstream activities in the product life cycle, thereby resulting in higher cost 

alterations in the later stages of the development process. Nowadays this approach has 

been replaced with Concurrent Engineering (CE) (Prasad, 1996) for the integrated 

design of products and their related processes (Yazdani and Holmes, 1999).  

 The move towards PSS further intensifies the need to accumulate knowledge about 

product life cycle and to apply it effectively to the development process (Isaksson et al., 

2009). Including service aspects into the product design space elevates the need to 

integrate an extended set of competencies from many actors within the network. As 

such, PSS development places higher demands on cross-functional cooperation (Windahl 

and Lakemond, 2006). Consequently, “traditional and non-traditional suppliers are ever more 

closely linked with original equipment manufacturers (OEMs) in product and technology 

development, often creating joint capabilities that exist only through the combined competencies of 

two or more firms” (Prahalad and Ramaswamy, 2004, p. 139). An example includes 

multiple-company-design efforts in the European Aerospace industry (see Wenzel et al., 

2010). This trend eventually leads to work groups being dispersed across different 

geographic locations and representing different functions and companies (Eppinger and 

Chitkara, 2006). These cross-functional teams will subsequently be asked to make their 

knowledge available to a larger audience than before, as well as to use knowledge from 

more sources than before (Ericson et al., 2005). However, such enterprise-wide teams do 

not normally have a shared history of working together, a shared knowledge base, or 

methods and techniques to create, store, and share information and experiences 

(Larsson et al., 2008). According to Allen (1977), collaboration based on physical 

proximity is difficult if people are more than 15 metres/50 feet apart.  

Thus, it is quite important to investigate how the information and knowledge can be 

captured, shared, and made available to enterprise-wide teams to improve early-stage 

decision making in cross-functional teams. Moreover, it becomes increasingly important 

to know whom to trust and what and how to share in this complex environment 

(Ericson et al., 2005).  For instance, ‘knowing who knows’ or ‘knowing whom to ask’ 

(Larsson, 2005), are further challenges in this cross-functional collaboration. 

1.2 Research Motivation 

 

Communication plays a vital role in PSS design (e.g., Sondergaard et al., 2007; 

DeSanctis and Monge, 1999). In this case, the aircraft engine manufacturer, as a PSS 

provider, is responsible for all maintenance, repair, and operations (MRO) throughout 

the life cycle while the customer only pays for the provision of the power. For instance, 

aircraft engine is composed of thousands of parts with an expected life cycle of 30 to 40 

years. Hence, the knowledge base from which the product specifications are drawn has 

to be extended to encompass the entire product life cycle phases in order to know more 

about the customers’ ultimate needs, their value scale, and how to tailor the hardware 

for a successful functional life, thereby lowering the risk of realizing unprofitable 

products. 
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 Consequently, virtual cross-functional teams in early design phases need to make 

crucial decisions related to wicked design problems (Rittel and Webber, 1973) regarding 

the structure of the functional offer, where the focus is shifted from a component to a 

system perspective. Moreover, the availability of downstream knowledge (i.e., knowledge 

from the later life cycle steps) becomes crucial to enhancing early-stage decision-making. 

Hence, these teams are challenged to contribute their knowledge and experiences to the 

shared context (Nonaka et al., 2000), to collaborate in a better way, and to better 

understand the desired ‘function’ to be developed. This situation emphasizes the 

importance of using knowledge from more sources than before as well as having the 

right knowledge at the right time to make the right decision. However, this knowledge is 

mainly tacit (Polanyi, 1967) and is contextually (Goldkuhl and Braf, 2001) and 

situational (Sole and Edmondson, 2002) dependent. In practice, knowledge in such a 

complex environment does not always flow smoothly (e.g., Lam, 1997; Szulanski, 1996; 

Argote et al., 2000) due to their ‘stickiness’ (Von Hippel, 1994) and problems in 

absorbed capacity (Hansen, 1999a). This difficulty is even greater in PSS development, 

where teams from different functions and companies working in virtual settings are 

encouraged to collaborate in the early stage and share experiences, know-how, and 

feedback to interpret and define what customers value in the life cycle period.  

The prevailing hierarchical structure of the traditional information-sharing solutions 

seems to contrast with the need to acquire knowledge and obtain feedbacks from a large 

network of independent and geographically dispersed peers. Since the knowledge 

contributors are from different functions and companies, they may find it cumbersome 

or even impossible to interact with domain-specific applications such as CAD, PDM, or 

PLM, resulting in a situation in which the vast majority of people who might have 

knowledge about the emerging aspects of the product cannot contribute in populating 

the knowledge base (Larsson et al., 2008). 

Moreover, Bell’s (2006) study found that 80% of organizational knowledge is stored 

in people’s heads, 16% is stored as unstructured data, and only 4% is formalized as 

structured data (Bell, 2006). In a PSS development context, these figures are likely to be 

higher due to the stronger focus on the intangible aspects of the product (i.e., software 

and services). These factors represent a great obstacle when engineers require authentic 

information, require expert help, or need to search and retrieve quality information. 

Hence, the challenge of leveraging organizational knowledge that exists outside formal 

repositories still persists.  

Therefore, a successful PSS design depends on providing ad-hoc collaboration 

platforms where knowledge can flow smoothly and informally across functional and 

organizational boundaries. These platforms in such a complex, win-win environment 

cannot be imposed ‘top-down’, but rather adapted to a ‘bottom-up’ flavour that can 

allow for the tapping of dispersed team skills, capabilities, and competences into such 

‘wisdom-of-the-crowd’ (Surowiecki, 2004), thereby developing structural knowledge 

capital from human knowledge capital.  

Web 2.0 concepts can cope with such notable emerging changes in business 

environments by facilitating more open and bottom-up capabilities in lightweight 

formats (Lytras et al., 2008). Literature describes how bottom-up and lightweight 
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technologies may be useful for education (Anderson, 2007), human resource 

management (Payne, 2008; Martin et al., 2008) innovation (Radziwill and Duplain, 

2008; Huang et al., 2010), and knowledge management (Wagner, 2006; Levy, 2009; 

Kim and Yan, 2010).  

Larsson et al. (2008) investigated knowledge sharing practices in virtual 

enterprises and found promise in adopting Web 2.0 technologies to support product 

development in a virtual enterprise setting. Based on this view, this thesis extends this 

perspective and explores how such open, bottom-up, and lightweight collaborative 

methods and technologies may be beneficial to support the engineering context in 

general and, more specifically, cross-functional teams designing PSS, for example, an 

aircraft engine to be sold as a function rather than merely as a product. 

1.3 Research Aim and Research Questions 

 

Based on the previously explained research motivation, the aim of this study is to 

explore how lightweight-based collaborative methods and tools can support knowledge 

sharing in cross-functional collaboration in the context of PSS development. According 

to this aim, the guiding research questions for the study can be summarized as follows: 

• How are knowledge-sharing processes managed in product-service system 

development? 

• How can lightweight collaborative technologies support knowledge sharing 

processes in product-service system development? 

1.4 Delimitations 

 

The study presented in this thesis is delimited to knowledge-sharing aspects in 

manufacturing firms especially for what concerns cross-functional work across 

organizational boundaries. Specifically, this thesis explores how to support knowledge 

sharing processes in the early stages of PSS realization with a lightweight approach.  

1.5 Thesis Outline 

 

This thesis consists of six chapters.  

Following this introduction (chapter 1), chapter 2 presents and discusses the research 

strategy and methodology applied in this study, the research environment and the 

industrial case, the aspects of data collection and analysis, and the issues about research 

quality of the study.  

Chapter 3 presents and discusses the theoretical areas relevant to the thesis. The 

chapter compiles several disciplines, such as product and service development, product-

service systems, cross-functional teams, knowledge management, knowledge sharing, 

social capital, and Web 2.0, and serves as a basis for this thesis.  

Chapter 4 presents the summary of the appended papers included in this thesis.  
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Chapter 5 presents and discusses the findings of the research related to the research 

purpose and research questions. The first part of the chapter discusses the knowledge-

sharing process in PSS; the chapter then presents limitations of knowledge management 

systems. The final part covers the lightweight knowledge sharing approach and discusses 

lessons learned from the study.  

Chapter 6 summarizes the thesis conclusions and provides direction for future 

research. 
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2 Methodology 

 

This chapter presents and discusses the research strategy and design, the research environment and 

the industrial case, the aspects of data collection and analysis, and the issues about the 

generalization of the study. 

2.1 Research Strategy 

 

This investigation focuses on knowledge sharing in real-life contexts; such research 

studies benefit from studying smaller but focused samples, thereby making this study 

more suitable for ‘Qualitative research methodology’ (Miles and Huberman, 1994; Denzin 

and Lincoln, 1994; Yin, 2009). According to Bloomberg and Volpe (2008, p. 7), such 

research “is suited to promoting a deep understanding of a social setting or activity as viewed from 

the perspective of the research participants”. 

Yin (2009, p. 8) presented three conditions for the choice of research strategy- 

namely, (1) the type of research questions posed, (2) the investigator’s control over 

actual behavioural events, and (3) the degree of focus on contemporary versus historical 

events. The study has been designed with an inductive research approach in mind, in 

order to gather and analyze empirical observations, which is helpful for formulating the 

relevant theory (Yin, 2009). It focuses primarily on ‘how’ questions in a real industrial 

context; these aspects support the decision to choose case study as a preferred strategy. 

Several earlier studies have suggested that this method is appropriate as it provides a 

deeper understanding of the norms and meanings the teams shared around their work 

and identifies the interactive problems related to information technologies in their 

organizational contexts (see, e.g., Orlikowski and Baroudi, 1991; Ramesh and Tiwana, 

1999). One advantage of the case study strategy is that-unlike other research methods-it 

provides opportunities for direct observation of the events with the persons involved in 

that context (Yin, 2009, p. 11) and develops new theory based on the rich empirical 

reality of the case data (e.g., Eisenhardt, 1989). Moreover, the case study approach is 

appropriate when the aim of the study is to describe, analyze and understand more 

about formal and informal processes in organizations (Hartley, 2004; Yin, 2009). 

The study considers two industrial cases to better understand current knowledge-

sharing practices, which allows for the cross-analysis of more diverse results from cases 

(Yin, 2009; Eisenhardt, 1989). According to Yin (2009), the case study’s unit of analysis 

are more likely to be at the level being addressed by the main study questions and the 

case. Accordingly, the main unit of analysis for this thesis is cross-functional teams. 
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2.2 Research Environment 

 

The study uses the aerospace industry for empirical observations due to it's established 

service-oriented strategies in offering product and service combinations (e.g., Johnstone 

et al, 2009; Ward and Graves, 2007). Aerospace companies are increasingly engaging in 

multi-national collaborative projects in which development is shared across companies. 

This situation calls for managing and sharing knowledge across globally distributed 

engineering teams. Hence, the need exists for an easy exchange of knowledge across 

functional and organizational boundaries. Empirical observations from such complex 

phenomena can provide a richer context for this research.  

The Industrial Cases 
 

Two different industrial case studies serve as the basis for this research (see Figure 1). 

The first study was conducted at a supplier level while the second one was conducted at 

an aircraft engine component manufacturer. The companies were chosen as the main 

research context due to their rich experiences with cross-functional teams and product-

service offerings; they were also part of the ‘TotalCare’ package (Harrison, 2006) offered 

by the aircraft engine manufacturer. The next section describes the rationale for 

choosing these industrial cases and provides information about the setting of each case. 

 

   

Figure 1: Position of the case studies in a simplified aeronautical supply chain 

Case 1: The first study was performed at a supplier level. One of the company’s main 

objectives is to develop and market product and service combinations in order to sustain 

emerging market opportunities to align its offerings with customer needs. The study was 

conducted to obtain generic data on the product/service development process to define 

scenarios for internal and external knowledge sharing in light of the implementation of 
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a PSS paradigm.  

 

Case 2: This study was performed at an aircraft engine component manufacturer that 

operates in a business-to-business context. In this study a wholly owned subsidiary of the 

case company also takes part. The case company offers engine components and 

complimentary services with a life cycle responsibility to aircraft engine manufacturers. 

The company has design responsibility for components of aircraft engines and has been 

increasingly involved in design projects with engine and aircraft original equipment 

manufacturers (OEMs) to be better prepared from a technology and longer product life 

cycle perspectives. This virtual enterprise collaboration brings new demands for 

information management concerning different access and security levels, with many 

more boundaries emerging between organizations and inherent communication 

difficulties. The company has collaboration with their partner companies (i.e., offshore 

units) in design, where they mostly share the design information on an as-needed basis. 

Therefore, this study focused on understanding how different cross-functional teams 

create, process, share, and reuse information in their regular activities and exploring the 

possible opportunities for an improvement in collaborative engineering environments. 

Furthermore, interviews were performed to collect data on the lessons learned of 

advanced Internet technologies, such as blogs, wikis and teamspaces.  

The company features offshore units that provide basic engineering, software, and 

R&D activities. One of these units previously worked as a consultant to the aircraft 

engine component manufacturer, but recently the partnership evolved into a closer 

integration between the two parties. Information and knowledge sharing in this offshore 

collaboration are very difficult due to various issues, such as geographical, cultural, and 

language barriers in communication; a lack of business and technical know-how among 

the offshore team; and intellectual property issues. Therefore, the study at the offshore 

unit was conducted in order to understand design-sharing practices and knowledge-

associated problems in this collaborative work environment. 

2.3 Research Framework 

 

The Design Research Methodology (DRM) (Blessing and Chakrabarti, 2009) has been 

used as a framework. DRM consists of four stages—namely, Research Clarification, 

Descriptive Study I, Prescriptive Study, and Descriptive Study II—and describes an 

iterative process as shown in Figure 2, which illustrates the links between the stages as 

main process flow (bold arrow) and iterative process flow (grey arrow).  

 In the Research Clarification stage, the researchers perform a literature review in 

order to understand the research problem and gather evidence to formulate the research 

goal. The outcome of this stage is an initial description of the existing situation (i.e., the 

as-is situation) as well as the desired situation (i.e., the to-be situation) from both 

theoretical and industrial perspectives. In the current study, this stage includes setting 

the research purpose, goal, and scope of the study.  
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Figure 2: DRM framework, adapted from Blessing and Chakrabarti (2009) 

In Descriptive Study I, the researchers aim to understand the goal and elaborate upon 

the existing situation in order to determine the influencing factors by performing and 

analyzing empirical studies. During this stage, the aim is to investigate current work 

practices to understand the current knowledge management practices in case companies 

through empirical studies. The focus here is to define the crucial factors by developing a 

better understanding of the existing situation. The analysis of the empirical data reveals 

the knowledge-related problems in the cases.  

During the Prescriptive Study stage, the researchers elaborate upon their initial 

description of the desired situation in order to recognize how addressing factors in the 

existing situation can lead to an improved situation (i.e., to-be situation). In this stage, 

this study develops various possible scenarios based on results from the case studies as 

well as some assumptions. Such assumptions can help researchers link and expose the 

results with the desired situation as well as trigger dialogue about the prescribed change 

in the desired situation. The prescribed change can be focused on a new tool, method, 

or environment. 

After the initial three stages, the researchers develop a detailed understanding both of 

the current and improved situations and of a possible scenario description of the desired 

situation based on various assumptions. However, at this stage, according to Blessing 

and Chakrabarti (2009, p. 16), whether the support has the desired effects is not clear 

since the desired situation is based on several assumptions upon which the development 

of the support has been based, which require a further descriptive study to reduce the 

bias and errors in the findings. This can also depend on the type of the study and the 

context in which it is performed.  
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2.4 Data Collection 

 

This thesis includes two case studies that observe social phenomena within their real-life 

contexts (Miles and Huberman, 1994; Yin, 2009). This enables the investigation of both 

formal and informal knowledge activities among individuals who work in collaborative 

environments. Therefore, interviewing is considered as a method to capture an open 

description of problems, experiences, and situations.  

The qualitative research interview, according to Kvale (1996), seeks to describe the 

meaning of central themes in subjects’ real-life contexts. Therefore, in the empirical 

studies, the researcher has used individual and group interviews for data collection. 

Many forms of interview techniques are used for data collection, including structured 

interviews, semi-structured interviews, open-ended interviews, formal/informal 

discussions, and focus group interviews (Yin, 2009). This study follows seven stages of 

an interview investigation, including: (1) thematizing, (2) designing, (3) interviewing, (4) 

transcribing, (5) analyzing, (6) verifying, and (7) reporting (Kvale, 1996). The interview 

respondents belong to different company functions (marketing, designing, engineering, 

production, customer support, IT service, application development, and R&D) and to 

different levels of the company hierarchy (process owners, project managers, company 

specialists, system users, and engineers). The interviews were conducted during different 

sessions at the companies’ facilities between May 2009 and January 2011. The average 

duration of the interviews was approximately 45 minutes. The interviews were facilitated 

and moderated by the researchers to uncover topics that were not anticipated 

beforehand (Fontana and Frey, 1994) as well as build upon the findings from previous 

studies. An interview guide has served as the basis for the interviews, but—in line with 

semi-structured interviews—additional topics that came up during the discussion were 

also followed up on during these sessions. In addition, a questionnaire survey was 

conducted among several major Swedish and other European companies to study more 

about cross-functional teamwork practices, challenges, and the way cross-functional 

teams use collaborative technologies. Of the 28 questionnaires submitted to potential 

participating companies, 15 were returned. The questionnaires comprised 13 multiple-

choice questions that aim to gather relevant data about the current cross-functional 

collaboration practices, challenges, and trends of newly emerging technology adoption 

in cross-company collaborations (See Appendix I). Internal company documents were 

also used to understand how the company knowledge sharing tools were used by the 

knowledge workers. These secondary sources of data collection support data 

triangulation (Yin, 2009) in the study. The study also used some foresight methods 

(Popper, 2008) in the investigation—namely, SWOT analysis, and scenarios. Six virtual 

workshops with the company specialists were arranged to validate the outcomes of the 

interviews and further highlight priority areas of intervention. 

Literature Review 

 

A thorough literature review was carried out. The literature was initially used to address 

the previous work and develop deep insights relevant to the defined research problem in 
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order to build an understanding of the relevant themes related to the research area and 

further position this study within the engineering and product development domain. 

Existing literature was also used to establish the empirical guide for the field study as 

well as gather evidence in order to identify the research gap and validate the results after 

the case studies. Several combinations of keywords were used to retrieve relevant 

literature from major scientific databases, including Scopus, Web of Science, 

Encyclopaedia Britannica, and Google Scholar. The most commonly used keywords 

were virtual enterprise, collaborative engineering, knowledge sharing, cross-functional 

teams, Web 2.0 or Enterprise 2.0 for knowledge sharing, knowledge management 

systems, collaborative knowledge management, lightweight technologies, bottom-up 

technologies, enterprise collaborations, product-service system development, and 

knowledge transfer in product development. Several distinguished journals and 

conference proceedings related to research area were used in the study. Doctoral 

courses, discussions with colleagues and supervisors, and several Internet resources (e.g., 

blogs and Wikipedia) also served as guides in this review process. 

2.5 Data Analysis 

 

The empirical data collected from the interviews were recorded and transcribed by the 

researcher, and then validated by the respondents. The data were analyzed using 

spreadsheets by addressing each interview questions connected to all respondent 

answers. Some of the interview questions were clustered based on related topics. Several 

themes were then drawn for further analysis based on patterns related to knowledge 

sharing, cross-functional work, collaborative techniques, knowledge capture, store and 

reuse, and supporting conditions. The gathered themes were then analyzed to 

understand cross-functional teams’ need for knowledge and to derive how existing 

enterprise knowledge management systems can leverage cross-functional knowledge 

while moving towards PSS development efforts. Gathering users’ needs related to 

knowledge management includes different processes involving both explicit and tacit 

knowledge. These processes are mapped and explored in order to identify what users’ 

interactions and needs are and where support can be provided in the future. These 

activities were done iteratively in order to depict knowledge-related problems with the 

highest level of accuracy as possible. The conclusions were drawn by iterating between 

identify knowledge related problems, theory, and empirical data (Yin, 2009; Eisenhardt, 

1989). 

 Collecting data from multiple sources allowed for the integration of various 

perspectives to analyze the data according to different themes. 

 As-is process models have been elaborated (and further validated) in a preliminary 

phase to enhance the level of understanding of the as-is knowledge flows in the 

development process, as well as to enhance the communication between the project 

stakeholders. The data collected from the two case studies were analyzed to illustrate the 

potential opportunities of lightweight technologies in PSS collaborative development. 

Table 1 summarizes how empirical data were analyzed and disseminated in the 

appended papers. 
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Paper Data Source Data Collection Unit of Analysis 

A 

 

Industrial projects from 

the Swedish and European 

manufacturing industry 

Workshops, virtual 

meetings, semi-structured 

and in-depth interviews, 

analysis of working 

documents 

Product 

development 

teams 

B 

 

Field study at aircraft 

engine component 

manufacturer 

Semi-structured 

interviews, company 

documents, archival 

records 

Product 

development and 

service 

development 

teams 

C 

 

Field study at aircraft 

engine component and 

machine tool 

manufacturer; 

questionnaires from 15 

companies 

Semi-structured 

interviews, focus groups 

meetings and several 

virtual meetings, 

questionnaires 

Cross-functional 

product 

development 

teams 

2.6 Research Quality 

 

Criteria for judging the quality of research is crucial in order to test the validity of the 

findings and verify the general applicability of the research. In qualitative research, this 

can provide with trustworthiness of the study in relation to validity, reliability and 

generalizability (Guba and Lincoln, 1994; Yin, 2009; Bloomberg and Volpe, 2008). 

 Yin (2009, p. 40) proposed three types of validation to ensure the quality of any 

empirical social research methods: construct validity, internal validity and external 

validity. In the current study, construct validity was verified by using multiple data 

sources as well as multiple data collection methods, which provided a broader picture of 

the phenomena under review. The findings from the study were validated internally by 

cross-checking the data analysis summary and case study review reports with all 

participants. Furthermore, the study adopted virtual meetings and workshops to review 

and discuss the findings with colleagues and supervisors as well as case study 

participants. Academic writings and publications were use to provide external 

validation. 

The study’s reliability was verified while minimizing bias and errors through the use 

of a case study protocol during data collection by cross-checking interview reports with 

participants and maintaining a structured case study database with a record of field 

notes and transcripts in order to document the rationale made during the research 

process (Yin, 2009). All interviews were tape-recorded, which provided the ability to 

trace back the transcripts to determine how the data were analyzed and interpreted.  

 Many researchers have expressed concern that the goal of case studies is not statistical 

generalization, but rather the development of deep insights into the dynamics of 

processes and situations (e.g., Darke et al., 1998) as well as analytical generalizations. For 

Table 1. Appended papers related to empirical data  
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these reasons, this study has employed case study as an appropriate approach as it 

provides deep insights into work practices and current knowledge management practices 

in the studied companies. Bloomberg and Volpe (2008) noted that the generalization of 

the case studies could be addressed through the issue of transferability by providing a 

rich description of the background and context. The current study addressed this issue 

by positioning the case studies’ environment and explaining the research design as well 

as the data collection and analysis, which will help other researchers to address the 

similar issues in another specific context.  
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3 Areas of Relevance 

This chapter introduces the theoretical areas that are relevant for this research. The first part of 

the chapter covers product and service development and product-service systems areas, the second 

part focuses on cross-functional teams, knowledge management and knowledge sharing areas, and 

the final part emphasizes social capital and Web 2.0 themes. This chapter compiles several 

disciplines and serves as a basis for the research.   

3.1 Product Development 

 

Product development, in general, can be considered as set of activities to realize a 

product. Ulrich and Eppinger (2008, p. 2) stated product development as “…the set of 

activities beginning with the perception of a market opportunity and ending in the production, 

sale, and delivery of product”. Several theories, methodologies and methods have been 

proposed to support the process of developing products (e.g., Brown and Eisenhardt, 

1995; Sundby, 2006). Pahl and Beitz (1996) introduce a systematic approach to 

engineering design to improve the design approach. Concurrent Engineering (Prasad, 

1996) and Integrated Product Development (Andreasen and Hein, 1987) are other 

noticeable product development strands, which are striving for cross-functionality, sharp 

customer focus, and shorter lead times. Another prominent description of a generic 

product development process is the Stage-Gate process (Cooper, 2008), in which cross-

functional teams complete prescribed sets of activities in each stage, report at gate 

meetings for approval, and proceed to the next stage. However, the majority of product 

development literature limits their process focus to the development of physical artefacts 

(e.g., Clark and Fujimoto, 1991; Ulrich and Eppinger, 2008).  

Ulrich and Eppinger (2008) describe a general product development process with six 

phases, as shown in Figure 3.   

 

 

Figure 3: A generic product development process, adapted from Ulrich and Eppinger (2008) 
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In general, the early stages in the product development process are where market 

opportunities and customer needs are identified, communicated and later transformed 

into initial requirement specifications. Several product concepts are then generated, 

aggregated into the final product concept and finalized product specifications. Many 

researchers state that this front-end analysis phase of the product development is critical 

(see, Reid and de Brentani, 2004; Ulrich and Eppinger, 2008) and decisions made 

during these phases significantly affect the subsequent phases. Reid and de Brentani 

(2004) describes that the ‘fuzziness’ is higher for radical product development than 

incremental product development, and further assert that individual knowledge is 

highly significant in radical product development situations. Zhang and Doll (2001) 

state that the teams should focus on knowledge sharing and vision building in order to 

cope with such uncertainties in problem solving tasks related to product development. 

Clark and Fujimoto (1991) assert product development as information and 

knowledge intensive work. From an information point of view, product development is 

a process by which an organization “…transforms data on market opportunities and technical 

possibilities into information assets for commercial production. During the development process, 

these information assets are created, screened, stored, combined, decomposed, and transferred 

among various media” (Clark and Fujimoto, 1991, p. 20). The management of this 

information and knowledge can help companies in identifying new opportunities and in 

enhancing knowledge base for new product development projects.  

3.2 Service Development 

 

Service development literature states that services can be seen as “…Intangible, 

heterogeneous, simultaneously produced and consumed, and perishable” (e.g., de Jong and 

Vermeulen, 2003). However, there are some researchers who claim that these 

differences can be ignored in current practices (e.g. Lovelock and Gummesson, 2004; 

Gallouj and Weinstein, 1997) due to differences between services. Still, the above 

definition touches upon some important characteristics of service processes, for 

instance, customers’ participation in production and variability for services etc. In a 

manufacturing context, services are, in most cases, concerned with routine and reactive 

maintenance to support the physical products (e.g., Bowen et al., 1989). This can be in 

the form of acts, performances or knowledge, etc. Service processes are therefore 

perceived as ad hoc due to their intangibility, which can easily entail communication 

problems (Kelly and Storey, 2000). 

Service development is often connected to the concept of innovation (e.g., de Jong et 

al., 2003; Gallouj and Weinstein, 1997). However, research clarifies that innovation in 

services is different depending on the object of innovation and the degree of novelty and 

newness (e.g., de Jong et al., 2003; Bitran and Pedrosa, 1998).  

Literature on new service development processes reveals several influencing factors 

that can intervene in this process- some of which are related to people, structure, resources 

and networking (see, de Jong et al., 2003). Front-line employees and high expertise staff 

plays an important role in a service context because they are the ones who interact 

directly with customers and have intimate knowledge about the customers (Bitran and 
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Pedrosa, 1998; de Jong et al., 2003). Also, due to the high degree of novelty, developing 

new services is predominately based on the experience of people (de Jong et al., 2003). 

Since co-operation with partners such as customers, suppliers and even competitors is 

important, development teams entail from multi-functional and multi-company settings, 

which imposes additional resources in information and knowledge management as well 

as different ways of working (de Jong et al., 2003). Customers, for instance, are often 

seen as co-producers in creating value in service context (e.g., Prahalad and Ramaswamy, 

2004). 

3.3 Product-Service Systems  

 

Product-Service Systems (PSS) emerged as a progressive notion in order to respond to a 

growing attention in manufacturing organizations to life-cycle thinking, service-oriented 

strategies as well as environmental sustainability (for instance, Goedkoop et al., 1999; 

SusProNet, 2003; Mont, 2004; Tukker and Tischner, 2006; Baines et al., 2007; 

SCORE, 2008). PSS literature suggests many definitions for this notion (e.g., Baines et 

al., 2007). For instance, Mont (2004, p.71) defines PSS as:   

“…A system of products, services, supporting networks and infrastructure that is designed to be 

competitive, satisfy customer’s needs and have a lower environmental impact than traditional 

business models”. 

 This definition conveys that the concept of PSS is an integration of many actors to 

develop hardware, software and services to satisfy sophisticated customer needs. This 

requires more diverse knowledge than traditional product planning processes, which is 

often acquired from tacit knowledge (Van Halen et al, 2005).  

In literature, PSS concepts make a distinction in three main categories-product-

oriented PSS, use-oriented PSS and result-oriented PSS (Tukker and Tischner, 2006) 

(see Figure 4). The type of value embedded in the offering (mainly product- or service 

related) is chosen as the main criterion for this classification.  

 

 

Figure 4: Categorization of product service system, adapted from Tukker and Tischner (2006) 



 Chirumalla, K - A Lightweight Knowledge Sharing Approach for Product-Service Systems Development 

 

 20 

A product-oriented PSS, in general, represents the traditional sale of a product 

embracing some additional services, such as maintenance, repair, warranty, upgrades, 

reuse and recycling. On the other hand, use-oriented PSS represents sale of the use or 

availability of a product to customers in different forms (e.g., leasing or sharing), while 

retaining the ownership. In this way, the PSS provider can reduce the use of resources 

(e.g., materials, manpower) and extend the life of the product.  

 The final category, result-oriented PSS, represents the sale of the result, function or 

capability of a product to customers, while retaining the ownership of the product. In 

this case, the customer only pays for the provision of an agreed result or outcome.  

An example of result-oriented PSS is often drawn from the aerospace industry. 

Aircraft engine OEMs traditionally focused on designing, developing and 

manufacturing the physical product, transferring the ownership of the hardware to the 

airlines. Airlines managed their own in-house maintenance, repair and overhaul (MRO) 

operations, getting routine and reactive maintenance support from engine OEMs. In 

order to satisfy increasingly sophisticated customer needs, engine OEMs has started to 

offer product and services in an integrated fashion. An example of this emerging 

paradigm is the ‘TotalCare®’ package offered by the aircraft engine manufacturer Rolls-

Royce (Harrison, 2006), which is offering its customers a package, a business agreement 

that shifts the focus from the provision of physical engines to the provision of ‘Power by 

the Hour’. In a nutshell, ‘TotalCare’ allows airlines to focus mainly on their core 

business. As Ward and Graves (2007) emphasizes, this reflects the aerospace 

manufacturers’ intention to take on significant revenues with in-service support, and to 

be less sensitive to price-based competition (Wise and Baumgartner, 1999). 

 Even though all three categories of PSS aim to satisfy customer needs through a 

combination of products and services, Tukker and Tischner (2006) still state that result-

oriented PSS gives 75-90 % more efficient use of resources compared to 20- 50% for 

other PSS types (Tukker and Tischner, 2006). Since the result-oriented PSS offer is the 

most popular interpretation of the features of a PSS, this study extensively considers this 

model of PSS for its empirical observations and analysis. 

 Given its inherent complexity, the PSS development requires new design 

methodologies and supporting tools. Researchers review several existing engineering 

methods and tools to explore the realisation of PSS. Product-service co-design (Ganz and 

Meiren, 2004), service CAD (Tomiyama and Meijer, 2003), use cases and scenarios 

(Morelli, 2006), life cycle oriented PSS design (Aurich and Fuchs, 2004), MEPSS (Van 

Halen et al., 2005) are to name a few.  

 As Morelli (2003) and Isaksson et al. (2009) state, from a development perspective, 

designing PSS offers is a challenge, which requires knowledge and capabilities beyond 

the traditional product development domains. This places the PSS research more into 

information and knowledge management areas (e.g., Seliger et al., 2008; Ericson et al., 

2005; Nergård et al., 2006; Baxter et al., 2009; Larsson et al., 2008; Kerr et al., 2001).  

Eventually, as Brady et al. (2005, p. 364) stated, the success of PSS development 

depends on the “ability to be entrepreneurial, experimental and open-minded….Firms have to be 

able to learn, change and renew their structures continually while at the same time delivering the 

solutions (to) their customers demand”. 
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3.4 Cross-functional Teams 

 

Cross-functional teams (CFT) have emerged as a key coordination mechanism to work 

where no single individual or function possesses sufficient knowledge or skill to develop 

and manage innovative products and services (Brown and Eisenhardt, 1995). Parker 

(1994, p.6) defines a cross-functional team as:  

”…a group of people with a clear purpose representing a variety of functions or disciplines in the 

organization whose combined efforts are necessary for achieving the team’s purpose”.  

The benefit of the CFT is that it decentralizes decision-making processes and reduces 

hierarchical information overloads at higher levels of the structure (Henke et al., 1993). 

Researchers assess that merging people with different capabilities from different 

disciplines can improve problem solving and lead to more thorough decision-making, as 

well as productivity, creativity and organizational learning (Parker, 1994). For example, 

during the design process they can ensure that critical functional issues are addressed in 

the view of product life cycle management by tapping into each other’s ideas and 

expertise to solve wicked design problems (Rittel and Webber, 1973). Although cross-

functional teams have many advantages, earlier studies (e.g., Troy et al., 2008) identified 

cross-functional integration (CFI) as one of the key challenges for successful product 

development performance. Song and Montoya-Weiss, 2001, p. 65) defined CFI as: 

“…the magnitude of interaction and communication, the level of information sharing, the 

degree of coordination, and the extent of joint involvement across functions in specific new product 

development tasks”. 

The successful CFI depends on the way team members can transform their tacit 

knowledge to their group’s collective knowledge or group’s ‘know-how’, which can be 

applied to solve specific problems in a new context (Spender, 1996; Nonaka and 

Takeuchi, 1995). Hirunyawipada et al. (2010) note that team socialization is an 

underlying mechanism of this knowledge transformation. Hence, knowledge sharing 

and socialization are considered as important aspects of cross-functional integration.  

In this way, cross-functionality provides a platform not only to leverage knowledge to 

solve problems, but also to identify ‘who knows what’ or ‘what others knows’ across 

organizational boundaries. Mohamed et al. (2004) describe this environment as a 

different level of communication process for knowledge sharing. He exemplify this 

phenomenon as: 

“If the idea is hoarded then it remains in captive. However, if the idea is shared with many 

CFT members then it multiplies because not only each will have the idea, but also many members 

may develop creative insight into it. In addition, these might be different due to the fact that each 

receiver has his/her own mental model and add a different tacit dimension. In fact, the most 

powerful rationale behind the need for cross-functionality is the transfer of tacit knowledge because 

it is difficult to codify” (Mohamed et al., 2004, p. 137).     

Hence, these teams can exploit the intellectual capital of the organization, thereby 

increasing the learning process. Another advantage associated with dispersed 

collaboration is that “knowledge from diverse context can be aggregated and put to use, 

regardless of geographical separation between the team members” (Upadhyaya and Krishna, 

2007, p. 728).  



 Chirumalla, K - A Lightweight Knowledge Sharing Approach for Product-Service Systems Development 

 

 22 

However, some studies state that the knowledge sharing among the geographically 

dispersed teams often leads to misunderstandings due to the team members’ 

heterogeneous backgrounds, behavioral patterns and lack of prior collaborative 

experience (e.g., Lewkowicz et al., 2008;). As Powell et al. (2004, p. 7) highlighted, 

virtual teams are “….groups of geographically, organizationally and/or time dispersed workers 

brought together by information and telecommunication technologies to accomplish one or more 

organizational tasks”.  

It is therefore important to consider the proper combination of social and 

organizational arrangements with appropriate communication medium to facilitate an 

effective knowledge sharing among cross-functional teams (Hong and Vai, 2008). 

3.5 Knowledge Management 

 

In the contemporary global economy, knowledge has become an important basis for 

competitive advantage (Teece, 1998). Knowledge is classically defined as justified true 

belief, or true opinion combined with reason (Hilpinen, 1970). Knowledge can be seen 

as a capability or resource to improve organizational performance (e.g., Meso and Smith, 

2000). Much of the knowledge management literature describes the data to knowledge 

transformation as a continuum where data represents facts or numbers, information 

represents data that has meaning or purpose, and knowledge represents information 

combined with experience, context, insight, and reflection (e.g., Davenport and Prusak, 

1998). Knowledge in organizations is therefore considered as a complex mix of people, 

technology, processes, relationships and consensus. 

 One of the most common distinctions of knowledge in organizations has been 

identified as tacit knowledge and explicit knowledge (Polanyi, 1967; Nonaka and 

Takeuchi, 1995). Tacit knowledge is personal knowledge embedded in individual 

perceptions, experience, beliefs, intuition, context and values, which cannot be 

expressed or written down in an easy manner (Polanyi, 1967). In contrary, explicit 

knowledge is formal knowledge that can be relatively easy to transfer and share. Explicit 

knowledge consists of facts, rules, relationships and policies that can be found not only 

in an organization’s documents and repositories, but also in organizational routines, 

processes, practices, and norms (e.g., Davenport and Prusak, 1998; Nonaka and 

Takeuchi, 1995). 

Some authors also represent knowledge as individual knowledge and social 

knowledge (Brown and Duguid, 1991; Weick and Roberts, 1993). Spender (1996) has 

combined these two dimensions of explicit/tacit and individual/social knowledge and 

created a matrix of four different elements of an organization’s intellectual capital: 

conscious knowledge (individual explicit knowledge), automatic knowledge (individual 

tacit knowledge), objectified knowledge (social explicit knowledge) and collective 

knowledge (social tacit knowledge). He states that these four elements collectively 

constitute a firm’s intellectual capital. 

Polanyi (1967) points out that there is some knowledge that will always remain tacit. 

Hence knowledge has to be seen as an element, which is mostly tied to the person or 

resides in peoples’ heads (Quinn et al., 1996). So as Wiig (2004) suggest, knowledge 
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workers (Drucker, 1994) are increasingly boundary crossing, acquiring or accessing 

knowledge in different ways through collaboration, expert networks, or communities of 

practice. This highlights that, especially in distributed settings, it is not only important 

to use collaborative technologies, but it is also important to have some kind of informal 

person-to-person practice for sharing tacit knowledge (Kotlarsky and Oshri, 2005).  

 The different views of knowledge can lead to different perceptions of managing 

knowledge and the role of knowledge management (KM) systems (e.g., Alavi and 

Leidner, 2001). Quintas et al. (1997, p. 387) viewed KM as: 

“….the process of continually managing knowledge of all kinds to meet existing and emerging 

needs, to identify and exploit existing and acquired knowledge assets, and to develop new 

opportunities”.   

 Nonaka and Takeuchi (1995) state that three different approaches can be observed in 

Knowledge Management Systems (KMS): top-down, centralized; bottom-up, 

decentralized and middle-up-down. Briefly, bottom-up systems emphasize people rather 

than information technology and knowledge is built by the users in an easy-to-use and 

low-cost manner. Top-down systems, in contrast, represent a classical hierarchical model 

that is usually management/expert driven. They provide limited support to 

organizations in realizing socialization aspects.  

Many knowledge management technologies and applications have been developed in 

order to cover wider range of needs in different disciplines (Liao, 2003), ranging from 

supplying experience from past projects (Bracewell and Wallace, 2003) to the creation of 

networks for supporting informal communication and learning (Wenger, 2000). The 

choice of approach depends on the organizational strategy towards knowledge 

management. Hansen et al. (1999b) distinguish mainly two types of knowledge 

management strategies, namely: Codification, and Personalization. The codification 

approach is considered as a people-to-document strategy, where the major focus is on 

reusing the existing knowledge. In contrast, the personalization approach is considered 

as a people-to-people strategy, which focuses mainly on informal knowledge sharing. 

Systems like Knowledge Based Engineering (KBE), Product Data Management (PDM), 

Product Life Cycle Management (PLM), Best Practice Systems, Document Management 

Systems (DMS), Enterprise Resource Planning (ERP) and Customer Relationship 

Management (CRM) are a few systems that can be viewed under the codification 

strategy, where as Groupware, Intranet, Social Software and Web 2.0 applications can 

be seen as personalization strategies.   

3.6 Knowledge Sharing 

 

Leveraging individual, group and organizational knowledge is now widely acknowledged 

as a source of organizational improvement (e.g., Argote et al., 2000; Kalling and Styhre, 

2003). Hence, organizations are increasingly realizing that one possible way of learning is 

to make use of knowledge that resides in people as well as the knowledge that is already 

part of organizations such as in practices, products, or documents (Zander and Kogut, 

1995). Hence, sharing of knowledge has become a hot topic in the field of knowledge 

management (Yang, 2007).  
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 Hansen (1999a) formulates knowledge sharing as “the provision or receipt of task 

information, know-how, and feedback regarding a product or procedure” (Hansen, 1999a).  

 Knowledge sharing processes typically imply two roles, the knowledge owner (i.e. one 

that possess and communicate the knowledge) and the knowledge recipient (i.e. one that 

perceive the knowledge and use it in the new situation). Therefore, it is important to 

have a common interpretation of knowledge, so that other party can use that knowledge 

in new situations.  

Some researchers stress the importance of knowledge sharing at individual level (e.g., 

Ipe, 2003). Nonaka and Takeuchi (1995) use the concept of spiral of knowledge creation 

to explain this phenomenon as knowledge moves upwards in an organization by starting 

at the individual level to organizational level. They describe that gaining access to the 

tacit knowledge occurs through four modes of knowledge conversion process (see Figure 

5): ‘Socialization’ is a process of sharing tacit knowledge between individuals, there by 

producing new tacit knowledge and relationships via shared mental models, shared 

agreement and shared know-how. ‘Externalization’ is a process of creating explicit 

knowledge into comprehensible form by codifying tacit knowledge through reports, 

models, metaphors, analogies or concepts. ‘Combination’ is a process of combing explicit 

knowledge into a complex set of new explicit knowledge. ‘Internalization’ is a process of 

embodying explicit knowledge into tacit knowledge or organization’s tacit knowledge 

through practice or learning by doing. 

 

Figure 5: Knowledge conversion process, adapted from Nonaka and Takeuchi (1995) 

Hence, it is increasingly important to implant mechanisms for sharing what all 

employees collectively learn from their work (Huysman, 2003). Information and 

communication technology (ICT) has been identified as a key enabler for enhancing 

knowledge sharing. For instance, Hendriks (1999) states that ICT can play four 

potential roles related to knowledge sharing: (1) lowering barriers by levelling temporal 

and spatial barriers, (2) facilitating the quick access to information beyond the 

individual level, (3) providing support for improving knowledge sharing processes, and 

(4) helping to locate the various elements relevant to the process of knowledge sharing. 

However, researchers stress that motivation aspects are core to successful knowledge 
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sharing and highlight several motivation factors for sharing knowledge (e.g. Hendriks, 

1999; Ipe, 2003). For instance, sense of achievement, recognition, challenge of work, 

reciprocity, trust and relationship with participant, rewards, mutual goal and rewards are 

to name few. Other factors have been identified as impediments for knowledge sharing, 

including organizational structure, culture, and leadership (Davenport and Prusak, 

1998; Ipe, 2003; Riege, 2005). 

Cummings’s (2004) study reveals that as geographic distribution and cross-

functionality increased, the relation between knowledge sharing and group performance 

become even stronger.  

 Furthermore, several researchers state that sharing knowledge among individuals and 

across organizations does not always flow smoothly due to ‘stickiness’ in nature 

(Szulanski, 1996; von Hippel, 1994; Hansen, 1999a) and absorptive capacity (Cohen 

and Levinthal, 1990). Absorptive capacity is an organizational learning concept defined 

as “the ability to recognize the value of new, external information, assimilate it and apply it to 

commercial end ” (Cohen and Levinthal, 1990, p. 128). 

Other researchers also suggest that knowledge sharing cannot be stimulated by 

imposing structures and tools, rather by reaching social interaction and by immersion in 

practice (Huysman, 2003; Hooff and Huysman, 2009).  

According to Granovetter (1973), effective knowledge sharing can happen more 

through distant and infrequent relationships (i.e., weak ties) since they provide access to 

novel information through connection to larger groups. In contrast, strong ties, can only 

lead to redundant information due to sharing knowledge within small groups where 

everyone knows what the others know. 

Eventually, Huysman and de Wit (2002) emphasize different knowledge sharing 

queries between the first and second wave of developments in the area of knowledge 

management (see Table 2): 

    

 

 

 Table 2. Difference between the first and second waves of knowledge management, adapted from  

 Huysman and de Wit (2002) 
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It is evident from the table that the second wave of developments within knowledge 

management area could share and manage social capital across organizational 

boundaries as a daily routine via personal and electronic works.  

3.7 Social Capital 

 

The notion of ‘social capital’ has been extensively used in several fields for underpinning 

phenomenon’s such as collective participation, social connections, and value of 

networks (Nahapiet and Ghoshal, 1998).  

The importance of social capital has been well summarized by Lesser and Prusak 

(2000) as “behind every organization chart lies informal clusters and networks of employees who 

work together-sharing knowledge, solving common problems and exchanging insights, stories and 

frustrations” (Lesser and Prusak, 2000, p. 124). 

 Researchers increasingly assert that the social capital can play an important role in the 

development of human capital (Coleman, 1988) by creating, sharing, and applying 

organizational knowledge. Nahapiet and Ghosal (1998) defines Social capital concept as: 

“…as the sum of the actual and potential resources embedded within, available through, and 

derived from the network of relationships possessed by an individual or social unit” (Nahapiet 

and Ghoshal, 1998, p. 243) 

Hence, the social capital at the organizational level increasingly depends on their 

ability to manage their own knowledge resources.  

Social capital has three interrelated dimensions: structural, relational and cognitive 

(Nahapiet and Ghosal, 1998). Briefly, the structural dimension of social capital refers to 

formation of informal networks (i.e. network ties), cognitive dimension refers to 

developing shared codes and languages among networks, and finally relation dimension 

refers to sharing mutual trust, norms and value of the network. 

The literature suggests that investing in such social dimensions can give long term 

benefits to organizations by enhancing social networks based on reciprocity, trust, and 

mutual respect and appreciation compared to normal teams in organizations (e.g., 

Nahapiet and Ghosal, 1998; Lesser and Prusak, 2000).  

Social capital, in this way, can build shared interest and agreement across the network 

and encourage more collective actions. Arefi (2003) highlights this collective action 

phenomenon as consensus building, which he identifies as a direct positive indicator of 

social capital.  

Hence, Ackerman and Halverson (2003) argue that all types of knowledge 

management systems must incorporate social aspects (i.e. social capital) to allow 

organizations to share knowledge and expertise. They further add that organizations 

could only achieve knowledge management or organizational memory in practice by 

considering these social dimensions.   

3.8 Web 2.0 

 

Web 2.0 is a concept or term, which was created to describe a set of new principles and 

development trends emerging in the Web (O’Reilly, 2005). It symbolizes the significant 



 Chirumalla, K - A Lightweight Knowledge Sharing Approach for Product-Service Systems Development 

 

  27 

move in the way people engaged on the web can create, store, edit, access, share and 

distribute the content to larger audiences compared to the first generation of web (i.e. 

Web 1.0). Musser and O’Reilly (2006) formulates Web 2.0 as follows:  

“Web 2.0 is a set of economic, social, and technology trends that collectively form the basis for 

the next generation of the Internet—a more mature, distinctive medium characterized by user 

participation, openness, and network effects”.  

Briefly, Web 1.0 refers to static web pages characterized by a clear distinction between 

producer and user, i.e. mostly read-only and one-way communication pages (Cormode 

and Krishnamurthy, 2008). Web 2.0, in contrast, refers to dynamic web pages that allow 

users to read and write, contribute, add value and act as co-developers. Some of the most 

common Web 2.0 applications are blogs, wikis, social networking, tagging, really simple 

syndication (RSS), mash-ups, podcasts, social bookmarking, media sharing, etc.  

The Future Exploration Network (FEN, 2009) maps 62 prominent Web 2.0 

companies and applications across two major dimensions (see Figure 6): Content 

Sharing to Recommendations/ Filtering; and Web Application to Social Network. The 

four spaces that emerge at the junctions of these dimensions are Widget/ component; 

Rating/ tagging; Aggregation/ Recombination; and Collaborative filtering. Collectively 

these cover the primary landscape of Web 2.0. 

 

 

Figure 6: Web 2.0 categorization framework , adapted from FEN (2009) 

 

Anderson (2007) proposes six ideas or drivers to explain the way these concepts change 

people interaction, namely: (1) Individual production and user generated content, (2) 

Harness the power of the crowd, (3) Data on an epic scale, (4) Architecture of 

Participation, (5) Network Effects, and (6) Openness.  

An essential part of the Web 2.0 is creating user generated content, where users can 

collaboratively annotate, shared in social network platforms, and collaboratively 
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harnessing the collective intelligence of the individual users and leveraging network 

effects (Scherp et al., 2009). While describing this impact, Tapscott and Williams (2006, 

p. 10) states that: “this new participation has reached a tipping point where new forms of mass 

collaboration are changing how goods and services are invented, produced, marketed and 

distributed on global basis”.  

Fuchs-Kittowski et al. (2009) comparative study shows that the use of Web 2.0 in 

enterprises has its biggest impact on knowledge work, innovation processes and 

cooperation. McAfee (2006) summarizes this rising interest in the companies with the 

term Enterprise 2.0 and defines as “the use of emergent social software platforms within 

companies, or between companies and their partners or customers”.  

McAfee (2006) further summarizes the underlying components of Enterprise 2.0 

technologies in the term SLATES – ‘Search’, ‘Links’, ‘Authoring’, ‘Tags’, ‘Extensions’ 

and ‘Signals’, to highlight the capabilities that companies can use in order to make 

visible the practices and outputs of their knowledge workers. The SLATES framework 

has been further expanded in the FLATNESSES (Hinchcliffe, 2009) framework (see 

Figure 7), which fully encompasses SLATES, but adds four additional key characteristics 

to Enterprise 2.0: Freeform, Network-oriented, Social, and Emergence.  

 

 

Figure 7: The FLATNESSES framework, adapted from Hinchcliffe (2009) 

 

Further, Cook (2008) employ 4C model to illustrate how enterprises can apply these 2.0 

tools to encourage communication, cooperation, collaboration and connection.  

The recognition of the Web 2.0 potential has led many 2.0 paradigms in academia 

and business, for instance, Research 2.0, Business 2.0, Government 2.0, Collaboration 

2.0 and HR 2.0 to name few. Tredinnick (2006, p. 228) therefore argues that, “Web 2.0 

is not a technological innovation, but is changing the understanding of the status of information, 

knowledge and the role of the user in information applications”. 

In the knowledge management field, several authors have proposed models aiming to 

empower current knowledge management tools via the implementation of Web 2.0 

concepts. Levy (2009), for instance, compares Web 2.0 concepts and knowledge 

management attributes and remarks that both fields have similarities in their principles 

(Levy, 2009, p.129). Avram (2006) highlights that the social software tools can provide 

an opportunity to compliment typical top-down approach of KM with their simpler, 

smarter and more flexible ways for conversations. Moreover, Wagner (2006) asserts that 
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the use of collaborative, conversational knowledge management can remove knowledge 

acquisition bottlenecks in organizations. 

Chatti et al. (2007) propose Web 2.0 driven SECI model learning process, based on 

Nonaka’s SECI approach, which combines formal and informal learning, knowledge 

management, and Web 2.0 concepts into one integrated solution towards a model of 

network learning through active participation in different communities. Furthermore, 

Huang et al. (2010) discuss how Web 2.0 can drive innovation in organizations by 

fostering the emergence of informal networks, weak ties, boundary spanners and social 

capital through enhancing knowledge transfer.  

In this spirit, Paroutis and Saleh (2009) identify four key determinants of knowledge 

sharing using these technologies, namely: old way of doing things, outcome 

expectations, perceived management support, and trust the quality of information. He 

further add that management should play active role in supporting these tools as a 

strategic knowledge management initiative, communicating their benefits, providing the 

necessary training and finally, rewarding participation.  

Finally, worth to mention, Koch (2008) proposes an integrated perspective between 

Computer-Supported Collaborative Work (CSCW) and Enterprise 2.0, concluding that 

CSCW should incorporate Web 2.0 patterns to introduce socio-technical systems for 

communication and cooperation in enterprises. Further, Ackerman and Halverson 

(2003) add that, sharing expertise is a deeply collaborative phenomenon, which requires 

an understanding of the social and organizational realities; otherwise collaborative 

systems can suffer from social-technical gaps.  

Thus, Web 2.0 concepts and applications can play important role by enhancing 

knowledge sharing and collaboration through social capital and collective sense-making 

approaches to knowledge management. 

From engineering point of view, Larsson et al. (2008) have coined the term 

‘Engineering 2.0’, an approach that promotes the use of Web 2.0 applications in the 

field of engineering and functional product development to support informal 

knowledge sharing across functions and organizational boundaries. They further assert 

that these technologies can leverage knowledge sharing performances because, (1) they 

require little time and effort to set up, learn, use, and maintain in complex 

environments, (2) they are intended to let the structure evolve over time and to support 

informal communication also in absence of physical proximity.  
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4 Summary of Appended Papers 

This chapter presents and summarizes the appended papers included in the thesis. The summary 

includes the purpose of the paper, the empirical analysis, results, and the author’s contribution to 

each paper.  

4.1 Paper A 

 

Chirumalla, K., Bertoni, M. and Larsson, A. (2010). Exploring Lightweight Knowledge 

Sharing Technologies for Functional Product Development. 2
nd

 CIRP International 

Conference on Industrial Product Service Systems (IPS
2
), April 14-15, Linköping, 

Sweden, pp. 347-354. 

 

Summary 

 

The purpose of this paper is to explore how Web 2.0-based technologies may be used to 

support knowledge sharing in the design of functional products or PSS offerings. 

Moving towards PSS calls for inevitable changes in the way engineering knowledge is 

identified and shared in a cross-company environment. Web 2.0 technologies have 

shown potential in enhancing interactive information sharing and collaboration among 

communities on the Web. Therefore, one output of this paper is the recognition of how 

Web 2.0 methods and tools might be able to compliment existing CAD/PDM/PLM 

systems by enhancing knowledge sharing in cross-company environments. 

The paper analyzed the empirical data from several industrial development projects in 

various segments to examine the complexity of functional product development and 

highlighted the limitation of traditional CAD/PDM/PLM approaches in capturing, 

codifying, and sharing cross-functional knowledge in PSS design. The paper then 

presented the context and meaning of ‘lightweight technologies’ in engineering and 

functional product development domains as a means to lower the threshold related to 

knowledge identification, codification, and sharing in a complex cross-company design 

situation. 

 Moreover, the paper outlined potential benefits and challenges related to the 

adoption of a lightweight approach through a SWOT analysis and illustrated several 

scenarios of lightweight technologies to improve the knowledge flows in the functional 

product development context. Based on both theoretical and empirical studies, the 

authors argued that it is essential to develop information systems with fully integrated 

and social interactive features that support the collaboration and sharing of both formal 
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and informal knowledge across the functional and corporate boundaries in the PSS 

domain. The paper also outlined several issues that have to be addressed from both 

methodological and tool perspectives before the broad adaption of lightweight 

technologies in industry environments can take place.  

  

Author’s Contribution 

The study acts as a foundation for my work in the research project on cross-functional 

knowledge sharing. I developed the idea behind the paper based on Marco Bertoni and 

Andreas Larsson’s field study experiences from industrial projects as well as my own 

participation in one of the field studies and several virtual meetings. I contributed the 

theoretical background and overall writing of the paper. The remaining authors 

commented and contributed text to several of the chapters in the paper.  

4.2 Paper B 

 

Chirumalla, K., Larsson, A., Bertoni, M. and Larsson, T. (2011). Knowledge Sharing 

Across Boundaries: Web 2.0 and Product-Service System Development. 3
rd 

International 

Conference on Research into Design (ICoRD'11), January 10-12, Bangalore, India. 

 

Summary 

 

The purpose of the paper was to examine the current knowledge management practices 

at an aircraft engine component manufacturer, outlining the issues and limitations of 

their systems in reusing engineering knowledge across functional and corporate 

boundaries and emphasizing how the knowledge can be leveraged through the support 

of a more bottom-up and lightweight collaborative approach.  

The analysis of the empirical data derived from interviews with several cross-

functional team participants at different hierarchical levels. Based on the empirical 

analysis, the knowledge life cycle (KLC) framework was introduced in the study in order 

to recognize how knowledge can be captured, shared, and reused in distributed cross-

functional teams where the focus is primarily to capture tacit knowledge and support 

teams’ social creation process across a diverse set of information repositories.  

This paper contributed to the thesis by proposing a KLC framework that serves as a 

means to illustrate promising areas where a bottom-up approach can show a significant 

impact in engineering activities, especially during early phases of product realization.  

The empirical investigation underlined an increasing interest in using lightweight 

collaborative tools in engineering product development activities as a means to create a 

collaborative environment where cross-functional teams can manage and reuse 

knowledge smoothly and informally across functions and corporate boundaries.  

 

Author’s contribution 

I designed and structured the empirical study for this paper. Marco Bertoni also 

participated in the field study, helped in the documentation, and commented on the 

paper. Andreas Larsson commented and contributed some text based on his experiences 
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in several industrial projects. Tobias Larsson added his views on the PSS context. 

4.3 Paper C 

Bertoni, M. and Chirumalla, K. (2011). Leveraging Web 2.0 in New Product Development: 

Lessons Learned from a Cross-company Study. Journal of Universal Computer Science, vol. 17, 

no. 4, 2011, pp. 548-564. 

 

Summary 

 

The purpose of this paper was to define and discuss the Engineering 2.0 concept, 

highlighting the context from which it originates and the way in which it may enhance 

collaboration across cross-functional design teams. The paper highlighted the current 

initiatives for adopting Web 2.0 tools in the area of product development and 

exemplified how the emerging product development trends (e.g., growing ‘virtualization’ 

of product development organizations) can be addressed by the emerging Web 2.0 

paradigm.  

 The empirical analysis of the data was primarily derived from two case companies to 

demonstrate that companies recognize the value of Web 2.0 paradigm for leveraging 

creativity and information sharing in the design of new products, but their uptake in 

practice remains limited due to the lack of best practices. 

Therefore, the paper mainly contributes to the thesis by defining the areas within 

product development in which the benefit/risk ratio of Engineering 2.0 is particularly 

appealing for companies. The areas identified as priority for the implementation of the 

lightweight paradigm are identifying new product opportunities, locating the right 

capabilities in the organization, and capturing the design intent and design rationale 

management. The paper further collected application examples and lessons learned 

from a cross-company study, and highlighting the major issues and low-hanging fruits of 

Web 2.0 in the prioritized areas identified. 

 

Author’s Contribution 

My contribution in this paper occurred in the form of theoretical background; I also 

designed and performed the empirical study. Both authors were involved in the 

empirical studies and analysis. Marco Bertoni structured the paper, and I commented 

on the text and contributed several parts. 
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5 A Lightweight Knowledge Sharing Approach for 

Product-Service Systems Development 

This chapter presents and discusses the findings of the research related to the research purpose, 

research questions, and theoretical framework. The first part of the chapter discusses the 

knowledge-sharing process in PSS; the chapter then presents limitations of knowledge management 

system. The final part covers the lightweight knowledge sharing approach and discusses lessons 

learned from the study.  

5.1 Knowledge Sharing in Product-Service Systems Development 

 

The existing literature suggests that traditional engineering organizations pursuing 

integrated product and service combinations, or solutions, traverse a series of stages (see, 

e.g., Vandermerwe and Rada, 1988; Oliva and Kallenberg, 2003; Baines et al., 2007; 

Tukker and Tischner, 2006). As previously discussed, moving towards a service-oriented 

strategy prompt engine OEMs to rearrange their businesses from a transaction-based to 

long-term relationship-based approach and reinforce the traditional manufacturer-

supplier-customer relationship as more dynamic networks (e.g., Johnstone et al., 2009; 

Ward and Graves, 2007). The driving force of these alliances is the possibility to gain a 

competitive advantage from exchanging knowledge and competencies in a shared 

context (Nonaka et al., 2000), thereby creating new knowledge through cooperation and 

collaboration (Inkpen, 1998). 

From a development point of view, the PSS provider has to consider numerous 

aspects in the early stages of developing products (Paper A). For example, instead of 

physical properties, they now have to define the properties governing life cycle 

behaviours of the product, such as manufacturing, maintenance, repair, and 

remanufacturing. This shift has widened the scope of development, as companies have 

to integrate and control all the needs that come from the downstream process during 

the early stages (Isaksson et al., 2009). As Paper B indicated, this calls for new 

competencies and capabilities, which are not part of the development of physical 

products alone, owned by several actors in the supply chain network. Hence, the PSS 

provider has to gather a wide spectrum of knowledge related to product and service 

design from many different actors in the supply chain.  

Several forms of strong and weak ties exist (Granovetter, 1973) among these globally 

dispersed knowledge networks (see Figure 8; weak ties are shown with dotted lines). 

Strong ties depict resource-sharing and mutual learning between the actors, where same 

information can be accessed due to sharing strong ties for a long period of time. In 
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contrast, weak ties depict a supportive role between the actors, where diverse pools of 

knowledge resources can be accessed. Managing and sharing ‘organizational knowing’ in 

practice (Orlikowski, 2002) across these networks is crucial for achieving effective 

collaboration and making key decisions in the early stages. As Ipe (2003) noted, 

knowledge sharing between individuals in organizations seems difficult to achieve; 

shifting to a PSS provider makes this process even more significant (Sondergaard et al., 

2007). Despite the demand for effective knowledge sharing and long-term partnerships, 

these organizations have different working cultures, processes, and knowledge 

management systems as well as different ways of interpreting the information and 

knowledge (Paper B).  

 

Figure 8: Knowledge network in PSS development 

 

As Figure 8 illustrates, the PSS provider—in contrast to traditional roles as add-on service 

provider or spare parts provider—is at the centre of the cluster and is responsible for 

services at airports, which includes, for instance, inventory management and engine 

logistics. Being responsible for operational performance the PSS provider can in this 

new situation, feedback all their learning and in-service related experiences to 

development teams, which could impact the designing and functionality behaviour of 

upcoming integrated products. However, such knowledge is also useful for the engineers 

at sub-system suppliers and module suppliers seeking to come up with incremental 

innovations and, thus, radical innovations. Gaining knowledge from service and re-

manufacturing in practice have subsequent effects on other partners in the network 
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(Paper B). Hence, the learning and experiences from one partner can influence other 

partners in the network to come up with new ideas and innovative products. Such 

activity is considered to be critical in PSS practice since companies are increasingly 

challenged to develop and offer seamless value offerings to their customers in a 

continuous manner. Consequently, this integrated product-service strategy calls for a 

reduction in service and maintenance costs, which demands major challenges to sub-

system suppliers and module suppliers, among others. Hence, the partners need to 

understand the customers’ needs effectively and communicate these needs throughout 

the value chain (Paper C). Sometimes the needs come from the end user as well, such as 

passengers’ comfort inside the cabin. As Brady et al. (2005) noted, the companies have 

to understand how value is created through the eyes of the customer. To this end, the 

needs should be considered in a continuous manner in both business requirements and 

the development process.  

Another challenge in PSS is higher customer expectations during service operations. 

Customers can expect quicker responses to their problems due to their higher 

interdependent operations. This creates a new situation in which companies in the 

value chain should respond to new issues. Hence, the need exists to know ‘who knows 

what’ or ‘knowing what we know’ (Cross et al., 2001) across extended organizations. 

Effective knowledge sharing among these diverse and cross-functional teams is vital for 

achieving network effectiveness in order to solve wicked problems and to build long-

term collaborative problem-solving capacity (Weber and Khademian, 2008).  

Empirical studies (Paper B and Paper C) have identified several issues concerning the 

processing of knowledge and development of new processes for designing new services, 

thereby supporting the operation of existing products. From the aircraft component 

manufacturer’s point of view, aftermarket knowledge can provide feedback for their 

designers as well as identify end users’ and airliners’ needs that can impact the way in 

which they design their future products. Communicating these customer values 

throughout the company—more specifically, sharing the same design intent with both 

on-site teams and global partner teams—is crucial. From the empirical study it is 

observed that the lack of shared understanding might result in significant rework for 

designers. Thus, it is important to define how a set of geographically dispersed design 

teams can collaborate and manage their product information and align their respective 

workflows in the most effective way.  

For module suppliers, it is important to identify value-adding opportunities in terms 

of developing new product and service combinations by observing the customer process 

cycles in a continuous manner. An effective knowledge exchange needs to be established 

to help designers better understand the market demands, adapt the offer to the 

changing environment, and continuously innovate products. When a new product 

opportunity is found, module supplier need to share this information with interested 

stakeholders within the company and further facilitate the development knowledge (i.e., 

know-how) in a network environment. This situation raises the need to configure a 

knowledge-sharing environment across functional and organizational boundaries that is 

able to support the collaborative development of new products and services together 

with their customers.  



 Chirumalla, K - A Lightweight Knowledge Sharing Approach for Product-Service Systems Development 

 

 38 

 The move towards a PSS paradigm brings new challenges to design teams (Isaksson et 

al., 2009). Traditionally, designers are more focused on product-centric properties, using 

these to narrow down the requirements to design and develop a physical product. 

Integrating product and service combinations calls for a consideration of knowledge 

domains, outside traditional product properties. The designer in this context requires 

an enhanced understanding of the full range of products’ life cycle demands and needs, 

including manufacturing, use, maintenance, logistics, and end-of-life treatment (Sundin 

et al., 2009) in the earliest possible phases-even before of conceptual phase (e.g., how 

customers use the products, the environment in which products operates, different 

users’ behaviours and service period). Moreover, the designers need to incorporate a 

system thinking approach in the development process-namely, how the product fits 

together with other system elements from their partners.  

Another challenge is considering the fact that many companies have well-defined 

processes and procedures regarding the need to deal with technical issues. Service 

delivery issues are much more difficult to address, which can raise ambiguity and 

uncertainty among development teams that involve significant justification and trade-off 

argumentations about life cycle properties and behaviour of a product. Hence, the 

designer situation in PSS development is quite dissimilar to traditional product 

development in day-to-day practice, which requires synergizing knowledge from several 

domains in the product life cycle across dispersed partners in the network, as shown in 

Figure 9. Several life cycle issues can affect the design decisions in such a context, which 

requires the tight integration of many competences in knowing how to deliver seamless 

offerings to their customers. This kind of cross-functional integration usually takes place 

in a socialization process (Nonaka and Takeuchi, 1995; Hirunyawipada et al., 2010), 

which can create new knowledge by exploiting the intellectual capital. The productivity 

gain from such shared experience implies collective learning among the teams. 

 

  

   

Figure 9: Inputs needed by the PSS designer 
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PSS engineers acquire the relevant knowledge from several functional areas, which are 

dispersed across several companies. The effectiveness of this knowledge-sharing network 

depends not only on the ability to find and access relevant knowledge, but also depends 

on involving people more easily who have the knowledge it needs. Moreover, sharing 

this in both synchronous and asynchronous forms.  

Patrick and Dotsika (2007) stated that knowledge workers from such kinds of 

environments require bottom-up knowledge sharing systems rather than imposed-

structure systems. However, the development of such knowledge-sharing networks can 

be characterized by high levels of trust, shared behavioural norms, mutual respect, and 

reciprocity, which builds upon the common context, relationships, and connections 

(Lesser and Storck, 2001).  

Table 3 summarizes the main challenges and needs for knowledge sharing in a PSS 

development context. 

 

Table 3. Knowledge sharing challenges for PSS development 

 

PSS Challenge 
Requirements for PSS 

practice 
Knowledge Challenge 

Knowledge sharing needs 

for PSS Development 

Moving towards managing 

complex life cycle properties  

New competencies and 

capabilities from a wide 

spectrum and network 

Has to gather wide 

spectrum of knowledge 

from many actors in the 

supply chain 

Need to utilise both 

"strong" and "weak" ties in 

the network of actors 

Operational performance 

responsibility  

Need more information in 

development about 

downstream performance 

Feedback knowledge and 

experience to product 

development from use 

phase 

Motivating capture and 

sharing of downstream 

(use) knowledge across 

functional and 

organisational boundaries 

Need to develop seamless 

value offerings 

Understanding customer 

needs and communicate 

them across the value 

chain  

Capture and share the 

original intent of the 

design 

Transfer of intent and 

rationale from one 

partner to another 

Service operations efficiency Link product 

development with the 

“front-line” (i.e., sales, 

customer service, 

technicians)  

Knowledge sharing 

between cross-functional 

teams in the extended 

enterprise  

Knowing 'who knows 

what' and 'knowing what 

we know' 

Effective use of supplier 

capabilities 

Establish true 

collaboration over 

distances 

Ensuring that all actors 

have the same baseline 

knowledge 

Sharing design rationale 

throughout the value 

chain 

Involving more knowledge 

domains 

Moving from product-

centric focus to service-

integration perspective 

Synergise knowledge from 

several domains in the 

product life cycle 

Tightly integrating 

competences 

(socialization) 

Integrate competences in 

network 

Crowdsourcing ideas from 

different parts of the 

network 

‘Push' knowledge Bottom-up knowledge 

sharing 

 

Based on this discussion, knowledge sharing in PSS development appears to be a 

different phenomenon incorporating more social processes compared to traditional 

product-oriented development based on their complexity and interdependency activities. 

Consequently, managing and sharing knowledge in this environment is seen as a key 

issue. Hence, the following sections focus on how existing systems support these kinds 
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of environments and how lightweight approach can be beneficial to these environments.  

5.2 Limitations of Knowledge Management Systems in PSS contexts 

 
 

In PSS development, the team is confronted with wicked design problems (Rittel and 

Webber, 1973) as the focus is shifted from a component to a system perspective (Paper 

A). Since the scope is very broad in nature, the team has to make decisions in the early 

design stages, although there is no evident straight solution to follow or no relevant 

knowledge available. These teams need quick feedback regarding the applicability of 

relevant knowledge in a particular design situation. Kerr et al. (2001) examined 

engineers in such complex environments and found that they spend a significant 

amount of time in searching for, interpreting, and sharing knowledge. Such situations 

typically require the team to deal with ambiguity and misunderstanding since they have 

different cultures, IT systems, etc. (Lewkowicz et al., 2008). Consequently, the problem 

solving setting in this environment usually occurs with social connectedness (Larsson, 

2005) and tacit interactions (Johnson et al., 2005). Researchers suggest that the 

traditional knowledge management systems normally lack support for such complex 

interactions and may inhibit the effective flow of knowledge due to their intrinsic 

rigidity, structure priori, resource-consuming development, and deployment in terms of 

time, cost, and quality (Patrick and Dotsika, 2007; Larsson et al., 2008; Bertoni and 

Larsson, 2009; Bertoni, 2010). 

In paper B a knowledge life cycle (KLC) view was adopted to understand the 

applicability of current knowledge management practices in a PSS scenario. Here 

knowledge is understood as constituted by a set of processes (e.g., capture, store, 

search/locate, access, share and use; see Figure 10), where PSS development teams can 

capture and store their experiences, searching for and locating the relevant knowledge, 

accessing and sharing the knowledge among the team and reuse it for new situations. 

Due to the complexity of the PSS concept, it is much easier said than done. The 

following section describes the limitations of current technologies in the PSS domain 

from the KLC view.   

 

Figure 10: A generic knowledge life cycle proposed in the study 
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Capture: Much of the early development process in PSS embedded in the forms of social 

practice in an informal manner, which resides as tacit experience and knowing in 

practice, is hard to articulate and structure into databases. Knowledge in practice is 

evolving over time in a dynamic form, which needs to be continuously captured and 

updated regularly. Different partners have different ways of interpreting the 

information, and aggregating this updated information from heterogeneous sources is 

particularly difficult. Moreover, captured information should be contextualized, 

synthesized, and be relevant and rationalized. 

 

Store: In PSS development, the teams should be capable of linking the relevant 

information and knowledge in order to reduce the time used to look for information. 

The information should be synthesized with a relevant context to be able to understand 

its applicability to subsequent later situations. Hence, they need to have a common 

shared space where they can structure and store the relevant information without 

exposing any confidential information.  

 

Search/Locate: PSS development teams should combine multi-context views in order to 

understand the ill-defined problems they encounter in their daily activities. This 

requires that a flexible search function not only look for the relevant information from 

heterogeneous sources, but also be able to locate them in databases. Otherwise, the 

information becomes obsolete, which leads to a situation for recreating the same 

information again elsewhere within the same system. Another challenge is to search for 

the expert who has particular knowledge or experience in a particular context that is 

relevant to the problem.  

 

Access: Accessing the precise knowledge and the right people within a single organization 

is difficult given the varying degrees of sophistication based on project, customer, etc. 

This becomes even more complicated in the PSS domain due to the distributive 

collaborative environment, where several partners have to access the information in 

both a synchronous and asynchronous manner.  

 

Share: PSS development demands sharing environments where teams can share the 

relevant information and knowledge across different systems. It is important for 

individuals within the team to be able to see where they are contributing to the overall 

system as well as where they can share or contribute. For example, sharing the design 

intent and context with designers at partner companies is essential. 

 

Reuse: The development teams in PSS should have a good integration among various 

systems in order to be able to reuse it for new situations. In order to reuse the 

information, the information should be contextualized to the specific situation and be 

able to be read quickly to understand the applicability. This will help define possible 

learning opportunities in the network from the past experiences, thereby improving the 

decision-making process. This calls for technologies in which individuals can maintain 

their own spaces for which they have complete control over the information they likes to 



 Chirumalla, K - A Lightweight Knowledge Sharing Approach for Product-Service Systems Development 

 

 42 

share and can reuse it based on the requirement.  

As previously stated, PSS providers, in reality, may not completely base their offerings 

on PSS, but might also offer their traditional product-based offerings to some of their 

customers. Therefore, providers need to reduce the cost for the implementation of new 

systems while moving towards PSS, which may require some lightweight systems that are 

easy to use, implement, and maintain in such a distributed environment.  

5.3 Lightweight Knowledge Sharing for PSS Development 

 

This research continues on the path set out by Larsson’s (2008) initiative, concerning 

lightweight tools and methods for knowledge sharing, to further investigate how 

lightweight methods and tools might be able to apply in a product-service system 

development context. 

5. 3. 1 Exploring Lightweight Collaborative Technologies 

 

Based on empirical analysis, mainly in papers A and B, this study has positioned the 

‘Engineering 2.0’ concept among other existing enterprise systems related to product 

development and organizational level, as shown in Figure 11 (related to Paper C).  

 

 

Figure 11: Positioning of Lightweight Collaborative Engineering Approach  
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As can be seen in Papers A and B, the development of PSS activities calls for new 

enablers to acquire knowledge and obtain feedback from a large network of 

independent and geographically dispersed peers, both in terms of formal and informal 

knowledge. Hence, the need exists to find tools that have a low overhead and are easily 

configured to be used by heterogeneous users.  

  Paper A argues that the prevailing hierarchical structure of the existing product 

development tools (e.g., Product Data Management (PDM)/Product Lifecycle 

Management (PLM)/Knowledge Base Engineering (KBE) systems) and organizational 

management tools (e.g., Enterprise Resource Planning (ERP)/Customer Relationship 

Management (CRM)/Content Management systems (CMS)) seems to contrast with this 

need. The development of an ad-hoc top-down collaboration platform is essentially too 

costly and time-consuming in such a volatile context. Moreover these tools are very 

domain specific, where company-wide applications mostly deal with formal knowledge, 

as seen in Figure 9. On the other hand, the applications based on Web 2.0 technologies, 

could offer more open, lightweight, and bottom-up modes of sharing knowledge, and 

thereby allowing for cross-functional and cross-company conversational ways of 

knowledge management in order to cope with upcoming product development trends in 

engineering design (Paper B and Paper C). 

Although ‘heavyweight’ PDM and PLM systems—undeniably—still play a strong role in 

PSS context, their strengths in handling informal knowledge acquisition need to be 

complemented by ‘lightweight’ systems that are better equipped to enable an open, 

bottom-up, collective sense-making approach to knowledge sharing rather than the 

somewhat controlled, top-down approach.  

5. 3. 2 SWOT Analysis to assess the enabling capabilities of lightweight technologies for 

PSS 

 

Lightweight technologies enable virtual cross-functional teams to interact and 

collaborate with one another in more open and shared platforms (O’Reilly, 2005; 

McAfee, 2006; Tredinnick, 2006), thereby creating collective knowledge (Spender, 1996; 

Suriwiecki, 2004). However, the benefits of this approach in such complex 

environments are not straightforward, especially in the engineering domain. Thus, the 

need exists to diagnose the potential value of the lightweight knowledge sharing 

approach for PSS development. Earlier studies (see, e.g., Hendriks and Vriens, 1999; 

Wijaya et al., 2008; Yap et al., 2008) have suggested that performing a SWOT analysis is 

a good tool for planning and analyzing the ‘strengths’ and ‘weaknesses’ of a notion in 

relation to ‘opportunities’ and ‘threats’. Therefore, this research study has considered a 

SWOT analysis as a valid approach for analyzing the current strengths and weaknesses 

of the lightweight concept as well as elaborating upon the opportunities and threats 

linked with the bottom-up approach. The following section, based on empirical analyses, 

describes how the SWOT analysis (Paper A) has been adopted and used in the context 

of knowledge engineering for internal and external factors that are favourable and 

unfavourable for achieving better performances in knowledge sharing through the use of 

lightweight technologies.  
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Strengths  

 

With lightweight knowledge sharing approaches it is possible for virtual cross-functional 

teams to develop common consensus about doing things or interpreting the things. These 

technologies facilitate easy communication and shared spaces in which teams with 

similar interests can collaboratively collect opinions or insights across organizational 

boundaries (e.g., blogs, wikis, micro-blogs, and ranking), which develop a common 

accepted opinion (or content). Consequently, this enhances shared understanding and 

awareness of certain problem areas or issues, which eventually raise a network around 

that issue. These technologies, compared to traditional PDM/PLM systems, enable the 

teams to interact simultaneously and to continuously develop and maintain a group 

discussion with very low technical barriers. For instance, PSS designers can 

collaboratively discuss the implications that a PSS decision offers before holding a 

project review meeting in the early stages of PSS realization. Such an approach enhances 

collective sense making (Choo, 1998) through day-to-day knowledge sharing actions. 

The implementation of lightweight functionalities can support the team in capturing 

conversational and tacit knowledge (as well as unstructured information) and making it 

explicit. For example, blogs can be used to capture and disseminate expert insights and 

observations (Efimova and Grudin, 2007) where as wikis can be used as repositories to 

collect critical issues from meetings as well as collect ongoing operational knowledge 

(Deitering and Bridgewater, 2007). These technologies are simple, easy to use, and 

characterized by a low learning threshold. They also easily embed many media forms 

such as images, videos, and text (e.g., media sharing and collaborative editors), which 

can allow for the easy structuring of tacit and informal dimensions by using ‘tags’, 

thereby instantly updating and sharing the knowledge with larger audiences. These 

concepts help development teams capture the complex tasks with relevant forms of 

media as well as and classify and share them accordingly on a collaborative platform. 

This elucidates tacit knowledge assets across several domains of expertise and creates an 

accessible organizational memory for PSS development. 

Lightweight functionalities can support development teams in sharing contextual 

knowledge by capturing not only ‘know-what’ and ‘know-how’, but also ‘know-why’ and 

‘know-who’ for certain complex decisions. These technologies are able to capture the 

interactions and social processes related to the information creation in the most 

dynamic manner (e.g., blogs and wikis), which provides more context and history as well 

as trackbacks and transparency to explicit knowledge. In this way, it is possible to link 

various knowledge elements to related knowledge owners through the informal 

classification, navigation, and discovery (e.g., tags and social networking). Lightweight 

approaches therefore support traditional systems, which usually fail to record and 

communicate contextual knowledge (Goldkuhl and Braf, 2001; Davenport and Prusak, 

1998; Liao, 2003). This could avoid reinventing the wheel in new PSS projects and keep 

of track the context in which information is generated (Deitering and Bridgewater, 

2007).  

The major strength of lightweight collaboration is leveraging networks across extended 

enterprises. By facilitating interaction opportunities among between informal 
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connections, these technologies form weak ties and build informal networks (e.g., social 

networking, social bookmarking, forums and social search) across boundaries (e.g., Yang 

and Chen, 2008). This facilitation can help identify different expertises in different 

enterprise contexts that have specific knowledge for solving wicked problems while 

developing streamlined PSS offers, thereby enhancing the capabilities for finding 

knowledge owners both inside and outside the usual network of connections (i.e., 

knowing who knows (Groth, 2004)). As such, lightweight collaboration is particularly 

helpful in supporting newcomers in exploiting a network of connections and accessing 

experts in several domains, thereby reducing the time needed to search for information. 

Moreover, lightweight collaboration enable early feedback from external stakeholders, 

which can help make better decisions by tapping into tacit knowledge embedded in 

experts. 

Lightweight technologies can leverage creativity across extended organizations with 

their collective intelligence and crowdsourcing capabilities (e.g., idea banks and 

prediction markets). They can more easily collect ideas, needs, and opportunities across 

boundaries than traditional systems and prioritize them according to comments and 

collaborative ranking/voting. They can foster creativity among teams, enabling 

discussion on new ideas and findings from new innovation projects (e.g., blogs and idea 

management tools). This practice can ultimately leverage the collective wisdom of 

engineers on product and service offerings (e.g., Surowiecki, 2004), which improves 

social connectedness and consequently builds trust among PSS cross-functional teams.  

Furthermore, this approach enhances the ability to keep existing knowledge up to date. 

These open and bottom-up functionalities call for self-regulating communities across 

extended organizations; thus, the knowledge elements can remain active or dynamic by 

incorporating continuous experiences and discussions while applying them in specific 

situations (Barnard and Rothe, 2003). In addition, they can facilitate the aggregation of 

the information and knowledge from heterogeneous sources, by pushing relevant 

knowledge elements to the users at the right time in the right place, which can have a 

significant impact on knowledge sharing and reuse activities (e.g., tags and feeds) 

compared to PDM/PLM systems. Ultimately, PSS organizations can overcome 

hierarchical structures and create decentralized entities, there by supporting individual, 

group, and cross-functional empowerment, as well as constant organizational learning. 

 

Opportunities   

 

Lightweight technologies can provide opportunities for knowledge integration among 

cross-functional teams. These technologies, with their bottom-up nature, can support 

cross-functional teams to collectively construct, articulate, and redefine shared values 

continuously through their social interactions (e.g., blog, wikis and collaborative 

editors). The development of more lightweight and intuitive interfaces, ad-hoc plug-ins, 

and customized mash-ups (e.g. combination of blog, wiki and CBR) can make it possible 

to increase the visibility of knowledge from heterogeneous sources and to integrate it in 

an effective way to support decision-making activities. In PSS development, this provides 

the possibility to generate relevant knowledge elements from different life cycle phases 
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and thus define/refine best practices collaboratively in a more continuous manner.  

A more lightweight knowledge sharing approach can speed up knowledge validation 

across extended boundaries. These technologies can bring decision makers from several 

domains to the same page (e.g., blogs and wikis), thereby enhancing consensus on 

problem solving issues, including answering questions such as what do we know from 

previous projects? What are we lacking? Has anything already been done related to this 

context? As such, the technologies open up new opportunities to bring the 

argumentation process into a more shared space, which could implicate the decision-

making process before project review meetings. From a PSS point of view, this could 

help to collect potential lessons learned from different perspectives and domains across 

organizations; hence decisions can be taken with greater awareness and fewer 

ambiguities and uncertainties. For new members, it might mean enabling them to locate 

the relevant knowledge assets by identifying and accessing domain experts at the right 

time, which could also speed up the knowledge-validation process. 

Another potential opportunity stemming from this approach is that it can locate the 

right capabilities across extended organizations for cross-functional projects. The bottom-

up functionalities facilitate team members in constantly updating their own 

competencies, capabilities, and learning from projects in an easy way (e.g., social 

networking) compared to other competence databases, which are mostly structured and 

specific. When dealing with complex tasks or new application projects in PSS, these 

applications make it easier for companies to locate knowledge owners for a cross-

functional effort since PSS needs the ‘synergy of many’ (Benkler, 2006) in a broad 

spectrum of knowledge.  

Lightweight approaches can facilitate open innovation practices in PSS development. 

The nature of the easy access to informal networks results in the social functionalities 

allowing for the presentation of new ideas and findings from innovation projects to 

larger audiences (e.g., blogs and micro-blogs), unlike traditional systems, where most 

ideas are communicated internally within a group or company. Consequently, PSS 

organizations can grow their understanding of innovative product and service 

combinations by collaboratively combining and selecting the best ideas from among the 

stakeholders without any technical barriers (Huang et al., 2010). This situation can 

facilitate easy knowledge transfer and experience sharing among distributed partners.  

These lightweight knowledge-sharing approaches further allow longer-term relationships 

and building communities across extended organizations. By facilitating the regular sharing 

of information and knowledge in day-to-day activities for solving complex problems, 

these technologies can support the building of mutual trust and shared goals as well as 

enhance common interests across the extended organization. They offer a more 

transparent approach to collaboration and reduce the time required to help others in 

their daily routines compared to traditional systems. Moreover, they might increase 

awareness among people who know or ‘need to know’ across organizational boundaries. 

This allows team members to quickly respond to member requests from other end, 

ultimately improving loyalty among members.  

Lightweight collaborative technologies can significantly contribute to shortening the 

start-up time for new projects. This bottom-up approach—with its capabilities to capture and 
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filter relevant knowledge assets based on identified needs—can possibly link relevant 

knowledge elements based on specific contexts, tasks, and projects. Thus reducing the 

time required to locate most relevant knowledge assets and owners by quickly browsing 

and finding connections among a wide variety of topics that make sense to others. This 

approach can ultimately extend the knowledge baseline for new projects—namely, 

knowing what we know, knowing who knows, and knowing what we need to know. The 

knowledge from these lightweight sources can complement the existing knowledge 

baseline, which in most cases is set by traditional systems and based on personal 

contacts. With this knowledge, PSS organizations can identify knowledge gaps and 

required knowledge maturity levels in order to clarify how to design and develop a 

product with a full life cycle view. Moreover, they can be useful as a knowledge base for 

novice engineers to get up to speed in their projects.  

Another important opportunity when it comes to the lightweight knowledge sharing 

approach in PSS development is predicting design changes and their management. These 

technologies can support attempts to capture and share the unexpected changes while 

designing products. This is more prominent in PSS development because the design 

activity considers not only physical product properties, but also service-related aspects. 

An engineer from one company may not have a complete idea about how small design 

changes can affect the overall system. Even if the designer has an idea, he/she does not 

know where to store that information or who can benefit from such information. 

Lightweight technologies, with their easy and informal way of capturing, can facilitate 

more open and friendlier atmospheres in updating the unexpected design modifications 

and sharing among extended organizations (e.g., tags, blogs, and wikis). In this way, PSS 

designers can create their own space for dialogues on specific design or process change 

questions, which can help reduce costly mistakes in subsequent stages of development 

process.  

An even more crucial area when moving towards PSS is providing streamlined service 

training and support to customers. These technologies, with their open interaction 

possibilities in synchronous and asynchronous manners (e.g., micro-blogs, blogs, IM, 

and forums), can always update their training and support materials for their customers. 

Easy interfaces and mash-up combinations can provide enormous possibilities within 

the PSS network to streamline their support for each other, which could also help 

connect service personal from various customer sites to the development teams. 

 

Weaknesses  

 

Although the potential of lightweight collaborative technologies is gaining attention, 

several critical aspects have been identified in the study for taking up this approach in 

regular engineering collaborative environments.  

 Reliance on active user participation is considered a major weakness of this lightweight 

approach. These technologies are intended as spaces in which people may grow their 

knowledge and understanding through interactions with other people on a topic. The 

lack of user participation in the discussion will eventually spoil the innovative power of 

the technology (e.g., blog and wiki). According to the findings of this study, user 
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participation can depend on two factors: (1) motivating people to take an active part in 

open dialogues and (2) establishing a more open culture in companies to encourage 

working with unstructured information. A hostile company culture might consider 

socializing during working hours as a spare time activity rather than exploiting key social 

capital. In most cases, the development teams are working on project- or task-related 

deadlines. In these situations, the lightweight knowledge sharing approach can be 

considered as information overload or an extra task. Such considerations could reduce 

the tools for simply spreading the information rather than ensuring collaboration or 

two-way communications.  

From a methodological perspective, the validation of knowledge quality is another 

critical aspect. These technologies are typically dominated by the loudest and most 

persistent voices, leaning towards personal opinions and interpretations rather than 

verified facts. Moreover, these technologies impel organizations to move from making 

decisions based on verified facts to those based on personal opinions. Teams in the 

aerospace industry typically work on significant safety- and risk-critical issues, such as 

aircraft landing issues, where relying on informal knowledge to make key decision is 

considered risky. This could eventually affect teams to express their opinions freely, 

which may to some extent frighten them from using these tools. Without clear 

indications of what can or cannot be shared, users tend to play a safer game and rely 

mostly on traditional CAD/PDM/PLM solutions. Hence, PSS organizations should 

consider specific guidelines and set of rules established by the experts to give greater 

validation and quality to the information.  

Generation gaps in the workforce are considered to be another weakness for 

implementing the lightweight approach. Generation Y (i.e., younger workforce) is more 

acquainted with the lightweight approach than baby boomers (i.e., older workforce). 

Since the PSS development process needs more experiential knowledge or know-how, 

this could lead to negative consequences in developing potential knowledge from 

lightweight technologies. Thus, bridging the gap between Generation Y and baby 

boomers concerning the adoption of social approaches plays a significant role in PSS 

collaborations. 

The lightweight approach initiatives have remained a niche approach due to the lack 

of best practices in engineering environments, especially as it is difficult to grasp the 

benefits that can gain from these approaches. More specifically, a lack of understanding 

exists regarding practices or processes for reusing the information from these 

technologies. The bottom-up approach nature always includes a chance of 

misinterpreting the information or terminology in complex environments like PSS. 

Therefore, effective management and control over the tools as well as the right 

combination of mash-ups for defining the relevant working modes are important 

phenomena. Otherwise, these approaches can turn out to be rather ambiguous and 

cumbersome to navigate as well as poorly reliable. The risk of duplicated information is 

also relevant and may generate confusion and errors across extended organizations. 
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Threats 

 

The risk of knowledge leakage is one of the major concerns in lightweight 

implementations. These approaches facilitate more open and bottom-up environments 

to dispersed teams, which may expose the company proprietary know-how somewhere 

within the network for the benefits of competitors or other partners. For example, 

mishandling RSS feeds can push confidential information to unknown subscribers in 

the network. As a result, on one hand companies can lose their key competences or 

know-how while on the other hand they can violate customers’ requirements. Despite 

the eminent potential of these tools, companies tend to be over-defensive in using these 

approaches. Otherwise, they need to develop a prescribed set of rules or policies 

concerning how to use the tools, what can be spread from lessons learned, and what 

kinds of tools are the best fits for various processes?  

The limited longevity of the knowledge stored through the lightweight approach is 

another key aspect to consider when implementing this approach. A misconception 

exists that the information in traditional systems are more structured and stored with a 

prescribed set of rules, which makes them easier to retrieve the information at any time. 

However, in a knowledge-based economy, these misconceptions are proven to be wrong 

due to having too much focus on the source and context of the knowledge.  

Lightweight technologies support teams’ self-censorship behaviour, which may inhibit 

the relevant knowledge of elements and ideas in the long run. These technologies can 

enable individuals to avoid remarkable knowledge elements purposefully or else 

moderate the quality of knowledge elements to benefit the interests of their team or 

company or even mislead other teams in the partner network. Therefore, it is important 

to have effective management policies and control in place when using these 

technologies in collaborative environments. 

These technologies could also bring offending risk on team members. The open and shared 

spaces allow each and every individual to see what others have written or what they have 

commented upon. These transparent environments can make individuals think twice 

before posting and sharing ideas or commenting on other ideas. Commenting with the 

wrong words can bring about critiques on the communication and damage professional 

reputations and personal branding. Therefore, it is vital to set the specific behaviours, 

norms, and values of these informal exchanges.  
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Table 4 summarizes the main points from the SWOT analysis.  

 

Table 4. Outcome of SWOT analysis.  

 

                               Strengths 

• Developing common consensus among teams 

• Capturing conversational and tacit knowledge as 

well as unstructured information 

• Sharing of contextual knowledge 

• Leveraging networks across extended enterprises 

• Leveraging creativity across extended enterprises 

• Keeping up-to-date with existing knowledge 

Weaknesses 

• Relying on active user participation 

• Validating knowledge quality 

• Generation gaps in the workforce 

• Lack of best practices in engineering environments 

                              Opportunities 

• Knowledge integration among cross-functional 

teams 

• Speed up the knowledge validation process 

• Locating capabilities across extended enterprises 

• Facilitating open innovation practices 

• Facilitating long-term relationships and building 

communities across extended enterprises 

• Shortening the start-up time for new projects 

• Predicting and managing design changes 

• Providing streamlined service trainings and support 

to customers 

Threats 

• Risk of knowledge leakage  

• Limited longevity of the knowledge 

• Supporting self-censorship behaviour  

• Risk of offending team members 

 

5.4 Lessons Learned from the Cross-company Study 

 

The purpose is to explore how a lightweight collaborative approach can support 

knowledge sharing in cross-functional collaboration in the context of product-service 

integration. Hence, it is necessary to define the role that these lightweight collaborative 

technologies play in PSS development knowledge-sharing processes. Based on the 

empirical studies and observations, the findings are outlined in relation to the lessons 

learned during this research process. The empirical studies conducted within the 

aeronautical supply chain highlighted several areas in which the benefit/risk ratio of 

lightweight or Engineering 2.0 is particularly appealing to support global, cross-

functional collaboration in PSS development. The major benefits are particularly 

evident in the areas of the identification of new business opportunities, cross-functional teams 

composition, and design intent/rationale capturing (Paper C). The current section outlines 

some of the main conclusions that can be drawn from the empirical studies. 

5. 4.1 Lesson 1: Identifying New Business Opportunities 

 

The PSS design requires an enhanced understanding of a wide range of products and 

service issues in order to design the product/service mix for a successful functional life 

(see, for example, Jaworski and Kohli, 2006; Seliger et al., 2008). Hence, it is 

increasingly important for PSS designers to have a clear picture of a wide variety of 

customer needs and identify opportunities to improve the current offer from both a 

product and service perspective (Morelli, 2003; Isaksson et al., 2009) in earlier stages of 
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the development process.   

In general, the front-line people from marketing, sales, and service technicians know a 

lot about the value of a solution for customers; today, they mainly exchange this 

knowledge via informal interactions, spontaneous discussions, and observational 

techniques. Moreover, they cannot represent this knowledge solely within 

CAD/PDM/PLM solutions; in most cases, they document the customer visits as a 

report to make accessible for others. From a higher-level perspective, customer surveys 

(e.g., with passengers) can be used to identify the needs and subsequently synthesize into 

a priority list by customer vice analysts. In moving towards PSS, where providers 

streamline product and service combinations, this knowledge from wider audiences can 

be more crucial than traditional development settings.  

The empirical study highlights the importance of creating an environment in which 

this knowledge can be easily communicated and shared across functional and 

organizational boundaries. The company observations have emphasized that lightweight 

technologies can more explicitly define what is “hot” for the customer today and can 

facilitate the product development team in aggregating, filtering, and validating these 

heterogeneous inputs. These technologies, with their bottom-up and lightweight 

capabilities, may enable attaching the right context to customer impressions for the 

benefit of the engineers. Moreover, they can complement existing PDM/PLM solutions 

by leveraging conversations and putting them in a more global and shared context, 

thereby allowing for the improvement of the quality of product and service 

combinations due to engineers being able to keep a closer eye on dynamic customer 

needs.  

The major benefit of moving to a lightweight knowledge-sharing approach for PSS 

development is the possibility of reducing the time and effort to identify knowledge 

owners from several domains, browsing their inputs and increasing the awareness of the 

multi-functional issues regarding a given topic. Eventually, knowledge contributors may 

benefit from an increased awareness about people working in similar areas and, 

consequently, from the learning opportunity offered by their continuous feedback. This 

can lead the sense-making approach towards knowledge management.  

Looking at the issue from a knowledge life cycle perspective, teams can use blogs to 

quickly capture experiences from their customer visits or experiences gained from 

service centres and present them to a larger audience. This can enable other team 

members with similar interests to rate, comment, or ask for elucidations by lowering the 

threshold for commenting on and expressing opinions or documenting personal 

experiences. Alerts might be used to update the product developers about any changes 

in the databases. Adding tags (per customer, projects, product types, maintenance, and 

service offerings) allows the organization to store this information in multiple bins and 

push it to the engineers’ desktops via dashboard aggregators. The innovative ideas and 

findings from these discussions can be moved to a shared space (e.g., wiki), where the 

team members can collaboratively grow their ideas for future products or services and 

redefine their best practices from the various product life cycle phases. The knowledge 

codified by these tagging practices may allow other design team members to search for 

and locate knowledge elements easily from outside their functional and organizational 
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boundaries. Moreover, it allows design team members to subscribe to their choice of 

content resources to gain access to regular updates in a standardized format (e.g., feeds) 

and re-use the information in the streamlined development process. These approaches 

allow for the aggregation of customer needs in order to share them internally, thereby 

supporting other design stakeholders in commenting on and ranking the needs, which 

facilitates the re-use of the knowledge gained from customer use cycles for new 

situations. As such, it is possible to communicate the customer needs throughout the 

process, which is a crucial factor in the success of PSS development. 

5.4.2 Lesson 2: Locating the Right Capabilities for Composing Cross- functional Teams 

 

Earlier studies have suggested that PSS development requires the synergies of multiple 

competencies (e.g., Windahl and Lakemond, 2006; Brady et al., 2005). Identifying the 

right people with relevant skills and capabilities is another critical factor in enhancing 

the product development project kick-off in the early development phases. Design 

stakeholders who have similar knowledge and share the same interests in solving 

complicated tasks or who possess complementary capabilities to cope with a given 

wicked problem are difficult to locate in a global product development context. 

Despite this problem, relatively little support is available for companies in identifying 

the right capabilities to build effective cross-functional teams. A main issue with the 

traditional top-down competence management databases is that such systems are 

increasingly difficult to populate and keep up to date over time. Moreover, they mainly 

collect information about knowledge owners working within the single organization or 

partner companies, which is not supportive, especially when looking for experts in other 

companies or academia. 

The empirical study demonstrated that the use of bottom-up concepts to locate 

capabilities in the organization can significantly shorten the time to set up new PSS 

development efforts, especially in situations when the work is geographically distributed 

across several organizations. Lightweight technologies have been found to be an 

important enabler to support the formation of new cross-functional teams, answering 

questions such as whom to invite from the among partners in the conceptual stage of 

PSS solutions as well as how to integrate a broad spectrum of competencies in the 

process of delivering PSS in earlier stages. The study indicated that social software plays 

a strong role in increasing engineers’ social ties, enabling them to discover people ‘who 

knows’ and people ‘who may help’ with a specific problem outside the usual network of 

connections.  

The use of these lightweight collaborative technologies to develop ‘capability charts’ 

(i.e., visualizing and comparing in a quick and understandable way the main domain of 

expertise of different people inside and outside the organization, their availability, their 

network of connections) is an appealing concept. From a lightweight perspective, social 

functionalities could support the discovery of people with the right expertise in an 

extended organization, thereby reducing the time needed to identify and allocate the 

resources for new projects.  
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5.4.3 Lesson 3: Capturing the Design Intent and Design Rationale 
 

PSS development is a knowledge-intensive collaborative design where designers search 

for solutions to wicked problems (Rittel and Webber, 1973) rather than tame problems. 

Achieving a common purpose in developing a product or solving problems in such 

situations occurs to a great extent via social interactions, sharing each others’ 

competences and interests, etc. Most decisions in such situations are considered to be 

based on several assumptions and in light of specific uncertainties.  

Previous research has demonstrated that the most mentioned category for supporting 

future engineering tasks is related to the ‘rationale’ (i.e., ‘reasoning behind the design as it is’, 

‘why choices are made’, and the ‘reasons for design decisions’ (Heisig et al., 2010). Despite the 

significance, this study shows that most of this information is currently scattered 

throughout a collection of documents, such as presentation files, Excel sheets, and 

personal notes, as well as designers’ memories.  

The empirical study highlighted the need for a more practical approach to capturing 

or storing the rationale for a given design. On the one hand, the study indicated that 

the underlying rationale for decisions/solutions recorded in past projects is often lost or 

hidden in corporate databases not readily accessible by the design team once the project 

is closed. The arguments upon which early design decisions are based may remain 

hidden or out of date, especially when the rationale comes from later life cycle stages 

and relates to the way in which the product is correctly operated, serviced, maintained, 

dismissed, or recycled. Thus, in moving towards PSS, designers can frequently be 

challenged to capture, update, and share the rational thinking behind these decisions 

among other design stakeholders in the network due to the streamlined designing of the 

product and service combinations.  

 Lightweight technologies might enable a more bottom-up design rationale for 

capturing activity by involving more design stakeholders in the codification of the 

argumentations for a certain design decision. This could help designers to: 1) locate the 

design rationale carriers (i.e., the people who posses the rationale for a given decision); 

2) identify and retrieve the ‘right’ arguments from multiple disciplines and functions; 3) 

aggregate information and display links between arguments in a visual way; and 4) share 

the rationale in a controlled way with other partners in the networked organization. 

Moreover, the use of these tools to capture the design intent and its rationale can deeply 

impact the decision-making activity for large, complex projects. In a stage-gate process 

(Cooper, 2008), tools such as wikis are seen as a promising approach for speeding up 

decision making at the gate. 

Wikis may be used in addition to existing project repositories to collect and provide 

access to the underlying rationale regarding a solution in case the original 

documentation is secured. This is especially useful when a group of design stakeholders 

have different opinions about the best way to design a product or wants to make 

iterations to a specific design alternative. Recommendations and context-based filtering 

may help make more efficient use of the design rationale maps by supporting users in 

navigating their branches and identifying the ‘golden nuggets’. Tags may be used to 

cross-link map nodes in different domains and disciplines whereas RSS feeds may 



 Chirumalla, K - A Lightweight Knowledge Sharing Approach for Product-Service Systems Development 

 

 54 

aggregate and push real-time updates to the engineers’ desktop. Context-based filtering 

may also control the access to the argumentation list, providing full access to a restricted 

group of people while excluding others. 
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6 Conclusions and Future Research 

 

This chapter summarizes the thesis and presents overall conclusions from the study related to 

research purposes and research questions. It then highlights the future research directions based on 

the results. 

When moving towards PSS development in the context of cross-functional collaboration 

and multi-partner product development, many new challenges arise with respect to 

managing and sharing information and knowledge. More enhanced methods and tools 

are needed to enable the seamless sharing of knowledge across functions and across 

companies in the extended enterprise. Thus, this study emphasizes knowledge sharing 

aspects in PSS development and more specifically refers to social phenomena in the 

development process.  

Firstly, this thesis illustrated the complexity in sharing knowledge in PSS 

development and highlighted how these processes need to be managed differently 

compared to traditional product development. The study then emphasizes some of the 

major differences in knowledge-sharing processes—namely:  

• A shift in the design focus from product-based properties to life cycle behaviour of 

a product requires a shared understanding and shared context across functional 

and organizational boundaries in early stages.  

• Synergies are needed over a wide spectrum of competencies from many partners—

not only in the early phases, but also throughout the life cycle phases—in order to 

satisfy sophisticated customer needs and solve wicked design problems. 

• Continuous knowledge feedback and updates from service operations to earlier 

stages of development process are needed to reduce maintenance costs and 

leverage radical innovations in both product and service offers.  

• Continuous knowledge captured throughout the life cycle is needed; this 

knowledge needs to be made available to larger audiences for better learning 

experiences. 

 

As a contribution in this direction, the notion of the ‘lightweight knowledge sharing 

approach’ based on Web 2.0/social software among PSS network is clarified and the 

basic Strengths and Weakness, Opportunities and Threats (SWOT) of this approach are 

discussed through scenario collections in the context of knowledge sharing in PSS 

development.  
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 The SWOT analysis can be summarized as follows:  

• The strengths of this approach can be seen in developing a common consensus 

across organizational boundaries, capturing and sharing conversational and 

contextual knowledge, leveraging creativity and networking, and eventually 

keeping up-to-date with existing knowledge in more visible forms. 

• The opportunities of this approach can be seen in improving knowledge 

integration, speeding up knowledge validation, locating knowledge owners, 

facilitating open innovation practices, building longer-term relationship 

communities, and predicting design changes, thereby elevating start-up time for 

new projects and providing streamlined service trainings to customers. 

• Despite the many opportunities offered by the lightweight knowledge-sharing 

approach, this study has identified some weaknesses in implementing these 

technologies in engineering environments, such as the lack of users’ active 

participation and best practices, validation of knowledge quality, and generation 

gaps in the workforce.  

• Threats include the risk of offending team members, knowledge leakage, limited 

longevity of the knowledge, and self-censorship behaviours.  

 

In lightweight perspective, this study emphasizes that three particular areas can support 

the knowledge baseline of new PSS projects: 

• Identifying new business opportunities;  

• Locating the right capabilities for composing cross-functional teams; and  

• Capturing design intent and design rationale.  

 

However, the study has also highlighted that the benefits associated with a more bottom-

up and lightweight knowledge-sharing approach are difficult to communicate in an 

engineering and product development context due to the task-oriented culture evident 

in engineering environments.  

Regarding industrial contribution, this study has taken a lightweight knowledge sharing 

approach in the aerospace supply chain, especially in the PSS context, and proposed a 

number of suggestions to improve knowledge sharing. Given the nature of the 

complexity inherent in the aerospace industry, this study has made an important step in 

exploring socializing aspects in engineering collaboration. The scenarios and lessons 

learned from these case studies can build understanding about implementing and 

testing the concepts in an industrial setting. The study can also be applicable to other 

industrial applications in leveraging collaboration across functional and organizational 

boundaries. Finally, this study emphasized the end-user needs at workplaces as they 

usually rely more on informal communications than structured information for 

decision-making and drew upon the scenarios to support their work in daily activities.  

As an academic contribution, this study described the knowledge-sharing phenomena 

in the PSS context and illustrated how Web 2.0-based applications show an enormous 

potential for PSS development. The theory and empirical findings from this study 

established the foundation for academic researchers to continue investigating the 

knowledge-sharing phenomenon in PSS development. The scenarios and lesson learned 
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could support other researchers in the domain to test these approaches in their studies. 

6.1  Future Research 

 

This study has demonstrated that lightweight knowledge-sharing approaches have the 

potential to elevate collaboration, co-operation, knowledge sharing, and innovation 

across traditional boundaries. The introduction of Web 2.0 in enterprises not only 

involves introducing new technologies, but also relates to a change of norms, 

behaviours, and values at both the individual and organizational levels. Moreover, it is 

important to note that the purpose of this study is not to say that a lightweight 

knowledge-sharing approach will solve all the issues and problems identified from the 

empirical study, but rather that these technologies have the serious potential to 

complement existing enterprise systems and support cross-functional teams while 

moving towards emerging product development trends such as PSS.    

Hence, future studies should consider answering the following aspects in their 

analysis:  

(1) How to make better trade-offs between lightweight/bottom-up approaches and 

top-down approaches for different contexts in PSS development, especially in PSS 

design teams’ day-to-day thinking and actions;   

(2) How these approaches may increase design teams’ capabilities to prevent mistakes 

in design rather than correcting them;  

(3) Which major organizational considerations provide a better knowledge sharing 

culture through these approaches; and 

(4) How to reduce the constraints in reusing the knowledge from these sources. 

 

Future studies should consider the extension of the identified empirical basis to more 

actors in the PSS network. Such studies will then map the gathered lessons from the 

case studies with regard to required functions and requirements of a lightweight 

demonstrator tool, thereby testing and validating the concepts in real industrial settings.  

The generic knowledge life cycle used in this study could guide future research in 

order to elaborate upon the requirements and functionalities of the lightweight 

demonstrator tool under the lessons drawn from this thesis. While implementing and 

testing the demonstrator tool in an industrial setting, feedback can be gathered through 

field studies, thereby the assumptions considered in this thesis can be revisited. The 

researcher based on the experience of this thesis can eventually move forward to the 

next step, in implementing a lightweight and bottom-up knowledge-sharing tool in a PSS 

context.  

Another suggestion would also be to consider the knowledge life cycle in order to 

define the combinations of lightweight technologies against the product life cycle, clearly 

illuminating which kinds of tools and combinations of methods could be useful during 

different stages of the product life cycle. Such examinations would be beneficial for both 

academics and companies in order to reconsider ways of thinking about knowledge 

management in such complex collaborative environments. 
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Survey 

Knowledge Sharing in Practice 

_____________________________________________________________ 

 

Name:      Age: 

 

Education:     Job role: 

 

Organization:     Industrial experience (no. of years): 

 

 

1. In your point of view, how do you distinguish ‘information sharing’ and ‘knowledge sharing’? 

 

Information sharing:……………………………………………………………………………………… 

 

……………………………………………………………………………………………………………. 

 

Knowledge sharing:………………………………………………………………………………………. 

 

……………………………………………………………………………………………………………. 

 

2. How do you primarily collaborate within your organization? What kind of means do you use 

for sharing of information and knowledge within your organization? 

 E-mail      Intranet     Internet  

 Face-to-face meetings    1-to-1 phone call   Fax 

 Audio/video conference calls    Workshops    Web meetings  

 Group meetings/seminars   Project portals            Team place/site 

 Instant messaging      SharePoint    Reports  

 Forums     Webcasts/podcasts          RSS feeds            

 Blogs                                            Wikis     Bookmarks      

 Tags       Dashboards     User profiles      

 Contact expert     Ask a colleague    Ask your boss 

 Informal occasions e.g. coffee breaks, along the corridor 

 Others, please specify:…………………………………………………………………………………. 

 

3. How do you primarily collaborate outside of your organization? What kind of means do you 

use for sharing of information and knowledge outside of your organization? 

 E-mail      Intranet     Internet  

 Face-to-face meetings    1-to-1 phone call   Fax 

 Audio/video conference calls    Workshops    Web meetings  

 Group meetings    Project portals            Team place/site 

 Instant messaging      SharePoint    Reports  

 Forums     Webcasts/podcasts          RSS feeds            

 Blogs                                            Wikis     Bookmarks      

 Tags       Dashboards     User profiles      

 Others, please specify:…………………………………………………………………………………. 

 

4. How valuable are the following means to receive relevant information that you need in your 

work place? (Rate each on a scale of 1 to 5; 1=Not at all significant, 2=Seldom significant, 3=Less 

significant, 4=Significant, 5=Very significant)  

___E-mail    ___Internet   ___Intranet 

___Fax     ___Face-to-face meetings  ___Group meetings 

___Workshops              ___Instant messaging   ___1-to-1 phone call 

___Web meetings   ___Conference calls  ___Project portals 

___Team place/sites   ___SharePoint   ___Groupware 

___Wikis                     ___User profiles     ___Forums 

___Blogs    ___Webcasts/podcasts   ___Bookmarks 

___Tags                           ___RSS feeds   ___Dashboards      

___Contact expert   ___Ask a colleague   ___Ask your boss 

___Company specific applications              

___Informal occasions e.g. coffee breaks, along the corridor 

 

 

Appendix I



5. What kind of information and knowledge you usually share in your work place? 

 

……………………………………………………………………………………………………………. 

 

………………………….……………………………………………………………………………….... 

 

6. List the top three barriers to effective knowledge sharing within your organization.  

1:.………………………………………………………………………………………………………..... 

 

2:………………………………………………………………………………………………………….. 

 

3:………………………………………………………………………………………………………….. 

 

7. List the top three barriers to effective knowledge sharing outside of your organization.  

1:.………………………………………………………………………………………………………..... 

 

2:………………………………………………………………………………………………………….. 

 

3:………………………………………………………………………………………………………….. 

 

8. What are the present software support technologies your company is using for managing 

organizational memory or knowledge repository? 

 Design databases (CAD/CAM etc)    Expert systems      

 Data mining       Knowledge-based systems (KBS) 

 Case-based reasoning      PDM/PLM 

 Decision-support systems                   Ontology engineering    

 Design rationale system           Document management systems   

 Lessons learned system                        Workflow management   

 Others, please specify:…………………………………………………………………………………. 

 

9. What are the major information related problems you usually face with regard to effective 

knowledge sharing and decision-making at your firm? (Rate each on a scale of 1 to 5; 1=Not at all 

significant, 2=Seldom significant, 3=Less significant, 4=Significant, 5=Very significant)  

___Too much information available                   ___Password-protected, I don’t have access 

___Information is not always available in good time          ___No up-to-date information 

___Lack of data accuracy and reliability                        ___Information is poorly organized                    

___Information is not adequately prioritized                       ___Too hard to find the relevant information 

___Information spread across too many different systems 

___Others, please specify:………………………………………………………………………………... 

 

10. In a typical project situation, you usually look for existing information to help you make a 

decision. Approximately how much time do you spend searching for such supporting 

information? 

 

Per day:.……………….minutes;    Per week:…………………hours. 

 

11. Approximately what percentage of the information you gather from various resources in the 

organizations is structured/formal and unstructured/informal? 

(Structured information sources can be documents, spreadsheets, files, reports, etc. Unstructured information sources can be 

emails, meetings, workshops, forums, discussions over lunch, coffee breaks, etc) 

 

Structured/formal:.…………………% ;               Unstructured/Informal:…………………%. 

 

12. To what extent does the existing enterprise technologies need improvement for better 

knowledge sharing at your company? (Rate each on a scale of 1 to 5; 1=Not at all significant, 

2=Seldom significant, 3=Less significant, 4=Significant, 5=Very significant) 

___Ease search function         ___Locate and access to expertise  

___Facilitate interaction across teams and departments     ___Visualization of existing knowledge  

___Supporting tacit/informal knowledge capturing       ___Supporting shared knowledge base  

___Easy integration of different engineering tools       ___ Notifications/alerts on updates  

___Consolidating the updates from several sources  

___Others, please specify:………………………………………………………………………………... 



13. What are the main benefits that your company foresees to obtain over the next five years 

through more efficient management and sharing of knowledge? (Rate each on a scale of 1 to 5; 

1=Not at all significant, 2=Seldom significant, 3=Less significant, 4=Significant, 5=Very significant) 

___Easy allocation of resources to projects           ___Better corporate security 

___More virtual enterprise collaborations       ___More cross-functional virtual teams 

___Collaboration across teams and departments   ___Knowledgeable organization culture 

___Efficient product/service development   ___Strong relationship among partners 

___Traceability of organizational knowledge    

___Faster and more efficient decision-making   

___Others, please specify:………………………………………………………………………………... 

 

14. What are the new software technologies your company is willing to deploy for better 

knowledge sharing practices in the near future? 

 

…………………………………………………………………………………………………………… 

 

15. A knowledge base can be described as facts, rules, and procedures gathered and organized 

into schemas. In your opinion, how can the ‘knowledge baseline’ for new projects be improved? 

(Rate each on a scale of 1 to 5; 1=Not at all significant, 2=Seldom significant, 3=Less significant, 

4=Significant, 5=Very significant) 

___With better-organized knowledge assets      

___By expertise sharing                                    

___By exploiting intellectual and social capital     

___With better design rationales capture    

___With quick access to and reuse of existing knowledge                 

___With better deployment of knowledge engineering tools    

___By effectively acquiring and using customer knowledge  

___By enabling effective collaborative platforms between internal and external stakeholders 

___Others, please specify:……………………………………………………………………………….. 

 

16. What are the main challenges to implement advanced Internet technologies and applications 

including blogs, wikis, RSS feeds, mash-ups, social bookmarking, social networking etc. in your 

workplace? 

 Lack of best practices        Security and privacy issues   

 Workforce resistance to adoption   Workforce active participation       

 Difficulty proving Return On Investment (ROI)       Integration with the exiting technologies 

 Degree of transparency          Lack of expertise   

 Employee preferences for current engineering-based tools 

 Conformity of partners and customers to use similar collaboration tools 

 Other, please specify:………………………………………………………………………………….. 

 

17. Social networking is a social structure made of individuals or organizations, which are 

connected by one or more specific types of interdependency or relationships or knowledge. 

Where do you think social networking can have the biggest impact within your organization? 

 

                                                                                                         High     Medium   Low    No impact     

Bridging internal communication gaps          

Collecting employee knowledge                     

Capturing customer insights                                                                      

Improving customer service                                                                       

Flattening the hierarchy                                                                      

Improving speed and quality of business decisions                                        

Giving employees a voice                                                                          

Keeping company culture vibrant                                                          

Driving innovation                                                                                

Improving document storage                                                                          

Improving access and reuse of knowledge                                                            

Establishing a shared knowledge base in enterprise-wide teams                           

Reducing training costs                                                 

Improving the knowledge baseline for new projects                         

Facilitating virtual collaboration and co-opetition                              

Finding and assessing expertise                          

 

THANK YOU! 
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Abstract 

Moving away from offering just physical artifacts to becoming providers of functional products, or Product 

Service Systems (PSS), implies inevitable changes in the way engineering knowledge is identified and 

shared in a cross company environment. Capturing downstream knowledge assets and making them 

available to cross-functional teams becomes crucial to approach ill-defined problems in PSS design. The 

purpose of this paper is to investigate how Web 2.0-based knowledge sharing technologies may be used to 

support the design of functional products. The article, drawing on data from several industrial development 

projects in various segments, introduces the concept of “lightweight technologies” as a means to lower the 

threshold related to the sharing of downstream engineering knowledge assets. The paper points out 

potential benefits and challenges related to the adoption of a lightweight approach and provides examples of 

how tools like wikis, blogs or social bookmarking may be used to support functional product engineers.  

Keywords:  

Product Service Systems, Functional Product Development, Knowledge Sharing, Engineering 2.0, 

Lightweight technologies, Cross-functional teams. 

 

 

 

1 INTRODUCTION 

In a traditional manufacturing situation, companies deal 

with the development, production and sales of goods in 

the form of physical products. When a product is sold, a 

company transfers its ownership to the customer and 

retains limited or no control over the later product life-

cycle phases, except for sporadic maintenance 

interventions and for spare part replacement. In this 

context, production costs, timely delivery and technical 

quality are seen as main competitive factors. However, 

the emerging globalisation and the increasing market 

competitiveness are pushing companies to reconsider 

their business model, shifting from offering merely 

physical artefacts to introducing product-service 

combinations to able to satisfy increasingly sophisticated 

customer needs [1]. The basic principle of the Product 

Service Systems (PSS) [2] paradigm is to bring added 

value to the customer by offering the “functionality” or 

“performance” of the physical product as a mix of goods 

and services [3]. It also implies that the ownership of the 

physical product remains with the manufacturer or with 

the joint venture delivering the PSS [3], meaning that the 

function provider retains the extended responsibility of the 

product in the later life-cycle stages [4].  

Brännström [5] defines functional products as combination 

of hardware, software and services. His study expressed 

a need for the companies integrating the development of 

hardware, software and services into complete offers, or 

functional products. In many discussions the least 

common denominator for the definition of a functional 

product is “improved performance through available 

ability” [6]. The current trend of offering this “functionality” 

leads to refer the development process as ‘Functional 

Product Development’ (FPD) [5-7].  

Moreover, a single company rarely has all the knowledge 

required to deal with the development and supply of the 

mixed offer, therefore the development of functional 

products [7] is typically done in an Extended Enterprise 

(EE) [8-11] or Virtual Enterprise (VE) [8, 12-13] setting. 

Hence, FPD or PSS lead to a more complex 

organizational structure [14] with involvement of external 

stakeholders and multidisciplinary teams from the 

beginning of product planning to the development stage. 

This aspect radically changes the scope and objectives of 

the design activity [4,15]. Engineers and designers are 

requested to increasingly work in highly cross-functional, 

cross-disciplinary, cross-cultural, cross-located, and 

cross-organizational environments, thus these enterprise-

wide teams have need of developing closer interactions 

with external stakeholders to gain a better understanding 

of the desired function to be developed. This new way of 

working demands engineers to make their knowledge 

available to a larger audience, as well as to use 

knowledge from more sources, compared to traditional 

product development situations. Such enterprise-wide 

teams, however, do not normally have a shared history of 

working together, neither a shared knowledge base nor 

methods/techniques to create, store and share 

information and experiences [15]. To provide effective 

support for knowledge identification, codification and 

sharing is a key objective to achieve successful PSS 

partnerships. 

The design of functional products requires an enhanced 

understanding of the full range of life-cycle demands and 

needs in the earliest possible phases [7]. In this context, 

the availability of downstream knowledge, i.e. knowledge 

from the later life-cycle steps, becomes crucial to improve 

early-stage decision-making. This knowledge, however, is 

mainly tacit, owned by a wide range of people and 

dispersed in the extended organization. Making it 

available for the engineers, i.e. providing tools to capture, 

model, simulate and share this knowledge across 

organizational and departmental boundaries, represents a 

main issue in the design of PSS. 

This continuously changing market context raises the 

interest of those companies participating in PSS 

development to create better knowledge sharing 

technologies that could allow them to stay ahead of the 

competition. A more lightweight, bottom-up approach to 

knowledge codification and sharing shows a serious 

potential for the creation of a collaboration environment 

where knowledge can flow smoothly and informally 



across functions and organizations [16-17], thus helping in 

building new communities, growing common 

understanding on the PSS concept and leveraging 

innovation capabilities and creativity across the corporate 

boundaries. 

2 PURPOSE 

Moving from the consideration that Web 2.0 technologies 

have shown to greatly enhance interactive information 

sharing and collaboration among communities on the 

World Wide Web, this paper aim to investigate how such 

methods and tools can complement existing knowledge 

engineering technologies and support better information 

management and knowledge sharing in an Extended or 

Virtual Enterprise context. The paper initially introduces 

the concept of “lightweight technologies” as a means to 

lower the threshold related to knowledge identification, 

codification and sharing of such downstream engineering 

knowledge. Further, it points out the potential benefits and 

challenges related to the adoption of this approach, 

providing examples of how tools like wikis, blogs or social 

bookmarking may be used to improve the knowledge 

flows across organizational and functional boundaries. 

Although many contributions in literature describe how 

bottom-up lightweight technologies may be useful for 

education [18-19], human resource management [20, 35-

36] innovation [21-22] and knowledge management [23-

28] there are no clear statements about the benefits of 

using such technologies to support cross-functional teams 

designing functional products. The bottom-up approach 

shows potential in many domains; nevertheless no clear 

vision exists on how it may be beneficial for the design of 

e.g. an aircraft engine going to be sold as a function 

rather than merely a product. The following sections 

discuss principles, opportunities and challenges within the 

area of functional product development [7], thus outlining 

how a Web 2.0-based approach may enhance creativity 

and innovation in PSS or functional product design. 

3 METHOD 

This research is based on industrial case studies rather 

than in theory. The research strategy combines a case 

study approach [29] and ethnographic methods [30] to 

verify the approach close to technology and product 

development activities in industry. The paper draws on 

data from several industrial development projects related 

to products in various industry segments – ranging from 

the development of manufacturing tools and industrial 

drive systems, to aircraft engines and armoured terrain 

vehicles. The discussion has evolved in close 

collaboration with industrial companies and accessing 

empirical cases. A case study approach has been 

considered a good means to render a map of barriers, 

thus the key themes for the research. Several kinds of 

workshops, virtual meetings, and company visits have 

been performed during the data collection phase. Semi-

structured interviews have been initially conducted with 

the scope of picturing the State-of-Practice in industry and 

to provide a solid context for the later data analysis 

stages. In the detailed data-gathering step, the 

researchers have explored the knowledge problems by 

means of in-situ observations, group interviews, in-depth 

interviews and through the analysis of working 

documents. The data gathering activity has involved about 

50 people at different hierarchical levels, which include 

engineers, managers, and project leaders with knowledge 

on these projects, both from academia and from industry. 

The data collected from multiple sources allow the authors 

to integrate different perspectives and analyse the data 

under the lens of Web 2.0 to outline drivers and barriers 

related to the adoption of a more bottom up and 

lightweight approach in knowledge engineering to support 

functional product engineers. 

4 KNOWLEDGE SHARING POTENTIAL OF THE 

LIGHTWEIGHT APPROACH 

Traditionally, manufacturing industries have been using 

technologies like Product Data Management (PDM), 

Product Lifecycle Management (PLM), and Knowledge 

Based Engineering (KBE) systems for knowledge 

acquisition, knowledge sharing and intellectual property 

formalization. These technologies are characterized by a 

top-down structure, i.e. a centrally-controlled structure 

growing from a pre-defined concept that is refined in 

greater detail, adding additional subsystem levels, until 

the system is reduced to base elements. However, in a 

functional context, engineers are working to a lesser 

extent with pre-defined concepts and to a larger extent 

with ill-defined concepts, where they need to figure out 

what the “problem” actually entails. As they do so, they 

need to move back and forth between problem solving 

and prediction, collaborate with a multitude of actors 

across the value chain, and work in a network of loosely 

coupled companies and stakeholders that collaboratively 

interpret and define what customer value is and how it 

could most effectively be provided in the form of a PSS 

offer. A drawback of the “traditional” PDM/PLM approach 

when approaching this kind of issues may be found in 

these systems’ intrinsic rigidity and their relatively slow 

and resource-consuming development and deployment, 

partly due to the fact that the structure is defined “a priori” 

by the domain experts [31]. Furthermore, these tools 

normally lack support for the interaction process between 

the employees and are relatively ineffective in situations 

when instant feedback is needed during the knowledge 

creation process, thus not adequately supporting 

engineering teams when facing wicked design problems 

in a PSS situation. 

For example, to design and produce an aircraft engine 

requires many organizations, customers, suppliers, 

research centres and external partners to collaborate and 

share each other’s knowledge, core competencies, and 

experiences in VE or EE settings. Typically, these 

geographically dispersed engineering teams operate in 

dynamic, multi-cultural, and highly unpredictable 

environments, using a diverse set of IT systems and 

collaborative technologies [15]. During the design and 

production stages, these virtual engineering teams need 

to collaborate consistently to share design information, 

know-how, and stakeholder feedbacks, etc. In the 

traditional way, the virtual engineering teams usually 

capture and store all the design information and 

knowledge in databases that are categorized by a 

predefined structure. These databases mainly cover 

formal (structured/explicit) communication such as 

internal corporate information, project documents, design 

drawings, lessons learned, best practices records, etc. 

However, they show limitations when a new engineer or 

another co-located team requires authentic information, 

expert help, or when there is a need to share ideas and 

knowledge for collective decision making, aggregate 

knowledge flows in the organization, search and retrieve 

quality information, and most importantly, capture 

informal (unstructured/tacit) knowledge that comes from 

the knowledge workers’ own experiences. This often 

leads to misunderstanding and ambiguities in facilitating 

knowledge sharing among global virtual engineering 

teams [32]. 

Hence in functional product development settings, it is 

fundamental to develop information systems with fully 

integrated and social interactive features that support 



 

collaboration and sharing of both formal and informal 

knowledge to provide added value for an organization 

[31]. The authors believe that lightweight technologies 

show a promising potential in this context with a focus on 

connecting people, synthesizing information, and 

supporting both formal and informal communications. 

The shift towards the functional aspects of a product, 

seeing it as a value carrier as opposed to hardware, adds 

complexity and knowledge intensity to the design activity. 

The capabilities to make superior product development 

are derived from their ability to create, distribute and 

utilize knowledge throughout the product development 

process in a new and more efficient way [33].  

Developing highly successful new products is possible 

through the integration of abilities of both upstream (e.g. 

innovation and design engineers) and downstream 

knowledge workers (e.g. manufacturing, maintenance, 

and field-service engineers) [33]. Here the issue is to 

capture the tacit knowledge that comes from the 

experiences of the individuals. This could be considered 

as the most powerful form of knowledge, but this kind of 

knowledge is difficult to articulate formally, difficult to 

communicate and share, shared only when individual are 

willing to engage in social interactions within the extended 

organization. 

According to Bell [34], 80% of organizational knowledge is 

stored in people’s heads, 16% is stored as unstructured 

data (Office documents, network folders, files and e-mail, 

internet sites) and only 4% stored as structured data 

(databases, data warehouses, cubes, XML data). These 

results indicate how important it is for an organization to 

capture and share tacit knowledge from their employees, 

and to deal with unstructured data in more effective ways. 

This highlights the need for a different approach able to 

merge traditional technologies, with emergent social 

software technologies. These tools show completely 

different characteristics compared to corporate databases. 

Their structure evolves over time, they support a bottom-

up approach and informal communication, they are 

flexible in nature and transfer the control to the users, and 

their development is quick and inexpensive [31,35]. These 

technologies with their underlying social features like co-

authoring, people finding, tagging and community 

building, may provide easy and better conditions for 

knowledge sharing between virtual teams [32]. 

Furthermore they may support and encourage virtual 

engineering teams to engage [36], participate, cooperate 

and share their ideas, experiences, and feedback to 

simulate the knowledge flow and social networks across 

the organizations. Moreover, these technologies are 

relatively lightweight, if compared with the traditional ones, 

in terms of cost, time for implementation and 

maintenance.  

External participation and knowledge sharing of corporate 

knowledge in virtual environments can yield benefits that 

include higher customer satisfaction, greater customer 

loyalty and reduced support costs, and continuous 

refreshment of knowledge [37]. Many organizations are 

starting to acknowledge the sharing potential of the 

lightweight approach, and believe that these technologies 

certainly support the traditional tools, like PDM, PLM and 

KBE systems, for effective virtual collaboration and 

knowledge sharing, and further they could help fill the 

social-technical gap in the organizations.  

A recent initiative started by PTC to integrate a Social 

Product Development approach with PDM tools to be able 

to provide interaction and collaborative features among 

global design teams [38]. Some other examples of 

adoption of lightweight methods come from IBM, using 

Dogear social bookmarking, and Microsoft, using the 

Quest internal communications system, which includes a 

wiki system for effective knowledge codification and 

sharing in the organization [31]. 

5 CONTEXT AND MEANING OF THE LIGHTWEIGHT 

PARADIGM 

Lightweight technologies [15,18-28, 31-32, 34-45, 47-48, 

51-54] are intended as systems that require little time and 

effort to set up, learn, use, and maintain, i.e. aiming to 

lower the threshold for adopting. Moreover, they are 

intended to let the structure evolve over time and to 

support informal communication also in absence of 

physical proximity [15]. Lightweight technologies are built 

on the basis of technologies such as blogs, wikis, tag 

clouds, mashups, RSS, and social networks. They are not 

intended as a replacement for traditional heavyweight 

technologies, instead they aim to complement them, 

dealing with new problems in new way as required in the 

development of functional products or PSS. The following 

sections describe some of the major terms in the 

“lightweight” domain, followed by a detailed discussion of 

Engineering 2.0 opportunities and challenges. 

5.1 Web 2.0 

Web 2.0 is a term coined by Tim O’Reilly of Tech 

publisher O’Reilly Media in 2005 [39]. Web 2.0 represents 

the second generation in the Web’s evolution that shows 

a significant move in the way people engaged on the web 

can create, store, edit, access, share and distribute the 

content to larger audiences compared to the first 

generation of web, Web 1.0. 

Web 1.0 refer to static web pages, written solely in HTML, 

that only allowed users to read, and there was an 

hierarchical organization of producer/user, and lack of 

support for two-way communications [40]. In contrast, 

Web 2.0 refers to dynamic web pages that allow users to 

write, contribute, add value and act as co-developers, and 

this approach further facilitates creativity, collaboration, 

and sharing between users. 

The O’Reilly Radar team [41] formulates Web 2.0 as ”…a 
set of economic, social, and technology trends that 
collectively form the basis for the next generation of the 
Internet—a more mature, distinctive medium 
characterized by user participation, openness, and 
network effects.”. Some of the most common Web 2.0 

applications are blogs, wikis, social networking, tagging, 

RSS, mashups, podcasts, bookmarking, media sharing 

and collaborative editing, etc. O’Reilly stated that Web 2.0 

does not have hard boundaries, but relatively have a 

gravitational core which specifies seven core 

characteristics of Web 2.0 [39]. These characteristics can 

be grouped into three areas: the use of the Web as a 

platform, the Web as a place to read and write rich 

content, and the social and collaborative use of the Web 

[42]. Web 2.0 is revolutionizing the World Wide Web in 

favour of a bottom-up and collective sense-making 

approach to knowledge sharing. Functional product or 

PSS design also require a more open approach to 

knowledge sharing, hence these tools are particularly 

interesting to be implemented in an industrial setting.  

5.2 Enterprise 2.0 

Many organizations have started to use Web 2.0 

technologies in their working environment. McAfee [43] 

summarizes the rising interest in the use of these 2.0 

tools for generating, sharing and refining information in 

the companies with the term Enterprise 2.0 [43]. 

Enterprise 2.0 is defined as “the use of emergent social 
software platforms within companies, or between 
companies and their partners or customers” [43]. McAfee 



uses the acronym SLATES to specify the six underlying 

components of Enterprise 2.0 technologies that guide the 

creation of Enterprise 2.0 software: Search, Links, 

Authoring, Tags, Extensions and Signals [43]. SLATES 

forms the basic framework for Enterprise 2.0, however it 

does not deny the higher level of Web 2.0 design patterns 

and business models [44] since it takes some of the 

prominent ideas of Web 2.0 like user generated content 

and peer production. The most common Enterprise 2.0 

platforms are blogs, wikis, social networking, instant 

messaging, and mashups. 

Several organizations are driving towards Enterprise 2.0 

to enhance real time communication, community building, 

collective intelligence, and knowledge management. The 

major differences with new social tools from the traditional 

ones are that they can change enterprise knowledge flow 

by making it more open to public and more sociable [44]. 

It can create value by extracting the knowledge from 

various sources in the organization. A recent survey from 

McKinsey reported that 69 % of 1,700 executives 

perceived that their organizations gained measurable 

business benefits, including more innovative products and 

services, more effective marketing, better access to 

knowledge, lower cost of doing business, and higher 

revenues [45]. Another report on enterprise adoption of 

Web 2.0 tools in the workplace shows that between a third 

and one half of businesses are either already using or will 

soon be deploying Enterprise 2.0 tools in the workplace 

for better communication and collaboration practices [44]. 

5.3 Engineering 2.0 

Functional product development is something different 

from traditional engineering and product development: 

The organization is different, the team composition is 

different, the objectives are different, and the 

responsibilities are different, since it is done in a virtual 

enterprise setting involving many industrial partners and 

external stakeholders. A major challenge is how to 

support knowledge workers to collaborate across the 

many boundaries of the virtual enterprise. The traditional 

CAD/PDM/PLM technologies, although playing a strong 

role in virtual enterprise collaboration, show some 

inefficiency in terms of time, cost and quality of knowledge 

sharing. 

Larsson et al [15] coined the term Engineering 2.0 to 

indicate the use of Web 2.0 technologies in the fields of 

engineering and functional product development. These 

technologies specifically target globally dispersed 

engineering teams working in business-to-business 

situations of the VE kind where the available technology 

support for knowledge sharing still centers heavily on 

comparably heavyweight technologies like CAD, PDM, 

and PLM systems [15]. In this paper authors like to 

explore a set of Engineering 2.0 tools that could 

potentially enhance better knowledge sharing in 

functional product development. Blogs, wikis, social 

networks, RSS feeds, tagging, microblogs, instant 

messaging, discussion forums, social bookmarking, and 

mashups are few examples of these technologies. Some 

of these technologies might be positioned in between 

Web 1.0 and Web 2.0, but authors consider them 

because they believe that these technologies can help 

cross-functional virtual engineering teams in the context 

of functional product design. For example, microblogging 

can provide combination of synchronous and 

asynchronous communications, while instant messaging 

could provide an effective channel for immediate 

assistance, and a quick way of sharing files and triggering 

video/audio meetings.  

5.4 Opportunities and Challenges of the Lightweight 

Approach 

Lightweight technologies can provide easier platforms to 

connect virtual engineering teams through sharing their 

ideas, know-how and corporate knowledge with the 

support of existing enterprise artefacts. But achieving the 

benefits of these technologies will require cultural and 

behavioural shifts within an organization as described 

earlier. Hence, the adoption of a lightweight approach 

could create both pros and cons in internal and external 

environments of the enterprise. The authors use SWOT 

analysis to explain and summarize the opportunities and 

challenges of such an approach in a cross-functional 

engineering context. There are many different 

interpretations of a SWOT analysis, and in this paper 

authors considered Strengths and Weakness as a Now 

(or As-Is) situation and Opportunities and Threats as a 

Future (or To-Be) situation of a lightweight approach in an 

engineering context [46]. Table.1 below shows the 

outcome of the SWOT analysis on the application of 

lightweight tools in an engineering context. 

 

Strengths 

Facilitate virtual collaboration,co-ordination, co-operation. 

Capture “unstructured data” across the organization. 

Allow informal (tacit) knowledge capturing and sharing. 

Easy access to experts and network building. 

Leveraging open and bottom-up innovation. 

Simplified store, search, retrieval and access information. 

Allow for exchange of ideas with control access. 

Cost-effective, easy to set-up, use and maintain. 

Collective intelligence approach to knowledge creation. 

Weaknesses 

Older workforce could resist adopting new technology. 

Ambiguity and misunderstanding in knowledge modelling. 

Proper maintenance is required, otherwise become vague. 

Demands active participation.  

Consistency on regular usage of tools.  

Management policies and organizational control. 

Possibilities for making mistakes in social interaction. 

Ineffectiveness in case of lack of consensus. 

Degree of transparency. 

Opportunities 

Collaboration among multi-disciplinary virtual teams. 

Shared knowledge base in enterprise-wide teams. 

Facilitate innovation practices and promote innovation. 

Build long term relationships and community building. 

Lightweight knowledge enabled engineering system. 

Incorporate social collaborative features to traditional 

systems. 

Improve knowledge baseline for new PSS projects. 

Threats 

Privacy of organizational knowledge assets. 

Losing control of intellectual property. 

Sharing confidential information with unauthorized persons. 

Security. 

Espionage. 

  

Table 1. SWOT analysis of lightweight technologies adoption in an engineering context



 

6 ENGINEERING 2.0 FOR FUNCTIONAL PRODUCT 

DEVELOPMENT: A SCENARIO COLLECTION 

This section discusses some of the most common Web 

2.0 technologies from an engineering perspective, trying 

to outline how such technologies can be adopted in a 

PSS development context to support engineers in the 

knowledge sharing activity within the above-mentioned 

constraints and barriers. The main scope of this section is 

to point out how these technologies can be useful in a 

PSS context presenting examples of To-Be usage 

scenarios coupled with the issues and challenges related 

to their utilization. These scenarios are drawn both from 

observing real industrial cases through case study 

approach and theoretical findings from the functional 

product development or PSS research. 

One of the most common Web 2.0 technologies is the 

blog. From a PSS perspective they show potential to be 

used as a platform for early feedback from external 

stakeholders and employees and allow them to engage in 

the discussion [22] on product and service offerings. On 

one hand, new ideas and findings on innovation projects 

could be presented to a larger audience as an entry in the 

weblog. On the other hand, stakeholders may easily 

comment and express their opinions, in a very informal 

mode. Such a two-way communication channel may be 

developed in a way that could make it possible to network 

and exchange knowledge between the organization and a 

larger customer base, thus allow capturing customer 

usage patterns, their needs and demands. The low level 

of formality associated with the tool may possibly lower 

the threshold for the documentation of personal 

experiences, thus giving people a chance to codify and 

share their practical and tacit knowledge with others.  

Wikis have gained popularity in recent times as a means 

to gather collective knowledge about a topic and to share 

it with a large audience. Wikis have demonstrated good 

potential regarding knowledge sharing in an enterprise 

setting [47] and successfully used in several parts of the 

organization as a platform for both internal and external 

collaboration. From a PSS perspective, the benefits of the 

open authorship approach can be further leveraged, e.g. 

as a supporting tool that allows the different PSS 

stakeholders to gather and collaboratively define and 

refine best practices and lessons learned from the 

different life-cycle phases. Wikis can also be used as a 

space to collaboratively grow ideas for future products, 

letting stakeholders propose innovations and changes 

directly building from the ideas of the others. Its 

asynchronous nature, bottom-up and informal approach 

[47] may facilitate idea and experience sharing among the 

stakeholders, building a sort of informal corporate 

memory [48]. An alternative usage scenario for the wiki is 

in the area of service provision. They may be used as a 

shared platform to collect and manage knowledge on 

customer use, requirements, maintenance demands, 

know-how and more.  

Social networks. Within a single company it is rare to 

find all the competences needed to develop real PSS 

combinations, since it requires a deep investigation of 

topics that are typically outside the technical horizon of 

the engineers [49]. As far as the complexity of the 

problem space increase, it becomes more important to 

involve people with different expertise in design, i.e. 

knowing who knows [50]. Very often, in fact, the problem 

related to the lack of specific knowledge in a given topic is 

addressed by networking with experts working in different 

enterprise contexts to raise the knowledge baseline and 

this is often done by merely relying on the “social ties” 

people in the PSS design team may have developed in 

their carrier. Social networking, in particular, may support 

newcomers in exploiting the network of connections that 

typically distinguish more experienced engineers, finding 

expertise inside and outside the company or, 

alternatively, stakeholders with similar interests across 

the organizational and functional boundaries, thus giving 

the possibility to form a work group and discuss ongoing 

issues and learn from each other [22]. It can ultimately 

foster collaboration among staff and external stakeholders 

allowing sharing of new ideas, needs, opportunities and 

updates on products and services.  

RSS feeds allow employees to subscribe to their choice 

of content resources to get regular updates in a 

standardized format, which facilitates the pulling of 

relevant information to the employees instead of pushing 

it to them [51]. Organizations in a PSS context include 

many geographical dispersed teams functioning 

simultaneously and updating key information from 

projects, themes, and discussions into various databases, 

blogs, wikis, and forums. This may lead to information 

overload and difficulties to overlook and consolidate the 

updates from several vital sources. RSS feeds, with its 

Interactive and dynamic nature, can help employees in 

getting the right information at the right time in the right 

place [51]. Organizations of the VE kind may create RSS 

pages to accumulate all updates from various databases 

that are specifically customized for the employees’ needs 

and can help them to get an overview of the hot topics in 

the organizations. Alternatively, they could allow updating 

of stakeholders on issues of their interest that can 

enhance decision-making in between organizations. In 

addition, it can potentially reduce email overload [51] and 

save time by speeding up the dissemination of 

information among staff and external stakeholders.  

Tagging enables the generation of user-generated 

taxonomies (i.e folksonomies) that basically categorizes 

the content with keywords or tags for easy searching and 

retrieval. In a typical PSS environment, different 

organizations have different ICT policies and databases, 

forcing engineers to store documents in a formal and 

restrictive hierarchical system that does not allow 

flexibility in modelling complex information and knowledge 

[31]. This can cause misinterpretations and ambiguities 

when other staffs tries to retrieve the information from 

traditional databases since they neither have the same 

technical background, nor a shared history of working 

together. Using tagging practices, PSS engineering teams 

can organize their content or documents in the most 

comfortable way for the teams likely per customers, 

competitors, projects, product types, maintenance and 

service offerings. This can help other engineering staff 

and business partners to locate and fetch information or 

documents easily by referring their tags or by a tag 

search function. Additionally, it is possible to retrieve 

specific content from different sources tagged in the same 

way. Tags can be used in internal blogs, wikis and 

collaborative portals of the organizations for easy retrieval 

and sharing of information. From a PSS perspective, this 

practice can leverage the collective wisdom of engineers 

and improve the way information and knowledge sharing 

takes place among employees and external stakeholders. 

Further, organizations can consistently update their 

taxonomies based on the popular tags from tag clouds, hit 

ratios and context [52]. 

Social bookmarking is a method to store, organize and 

share bookmarks of web content with the help of 

metadata in the form of keywords or annotations. 

Engineers in a PSS context often deal with complex 

problems, and functional related research topics. They 

frequently require saving their search information for easy 



access and retrieval in the future. Furthermore, they need 

a shared platform for collective knowledge sharing among 

multi-disciplinary teams to come up with innovation 

solutions. From a PSS perspective, social bookmarking 

enables global engineering teams to possibly search and 

find the experts on specific product related topics based 

on informal browsing of bookmark collections for external 

help in problem solving. It also facilitates to locate the 

people with similar interests in the projects, enabling them 

to group as a team, and outline shared bookmarks by a 

group tag. In a PSS context, engineers may get informed 

of significant new content with RSS feeds that allow easy 

subscription of a bookmark collection belonging to a 

specific tag, keyword or individual. Research engineers 

from various organizations can share their research with 

peers that allow others to rate and review to decide on 

usefulness of resources [19]. All these practices nurture 

communities of practice [53] between enterprises, thus 

could improve information and knowledge sharing in 

functional product development.  

Microblogs allow users to share brief text updates, web 

links, photos or audio clips to a restricted group by the 

user choice. As mentioned earlier, engineers in the PSS 

context take part in multi-disciplinary teams working at 

different locations around the world. Engineers with 

similar interest in a specific subject can group together 

and share innovative sources of ideas, quotes, and links 

that may allow others to give focused and concrete 

feedback. From a PSS perspective, microblogging may 

act as an informal communication channel for 

collaborative work that can yield communication 

productivity and lower the threshold for knowledge 

sharing compared to email, instant messaging and forums 

[54]. Its people-centric nature can facilitate virtual 

discussion on ongoing issues or functional requirements 

among business partners that possibly nurture the 

relationships among employees, customers and partners. 

On the other hand, it can help engineers to locate and 

follow experts in a VE setting, to allow them to ask 

questions and get answers that can create a learning 

experience and foster professional connections. 

Instant messaging is a text-based communication 

medium for connecting users in real-time. The PSS 

context includes different organizations and external 

stakeholders, and since engineers in a PSS context deal 

with complex problems in their everyday work, they often 

need to engage in real-time communication to get quick 

access to help, suggestions or feedbacks. From a PSS 

perspective, engineers in the virtual enterprise network 

can use instant messaging for short one-to-one 

conversations and to escalate immediate queries and 

clarifications [54] on technical difficulties, functional 

needs, etc. It can enhance the sense of community and 

accessibility that facilitate collaborative learning 

environments [19] across PSS engineering teams. 

Moreover, it can helpful for coordinating unstructured 

group meetings and scheduling tasks of engineers within 

a company or with external parties. Although 

microblogging provides both synchronous and 

asynchronous ways of communication, instant 

messaging, by adding more enterprise features, can 

enhance virtual collaborative learning environments 

among PSS engineering teams. 

Discussion forums allow users to post questions for 

debate to find helpful answers. PSS engineering teams 

require long-term commitments throughout the product 

lifecycle. They need easy-to-use platforms where to 

discuss certain issues over a prolonged period. From a 

PSS perspective, forums could allow engineers to discuss 

on certain critical issues among business partners in the 

early stages of product development, and they could also 

be useful for heavily moderated topical conversations 

over a prolonged period [54] for the internal and external 

arguments. Using forums in the PSS environment can 

create opportunities to come up with new solutions to the 

problems or get feedbacks from technical experts in the 

various life phases of the product. Furthermore, forums 

may be helpful for bottom-up innovation with regard to 

new products and services that can possibly build 

cooperation and association among organizations and 

business partners to enhance collaborative knowledge 

exchange [28].  

7 CONCLUDING REMARKS AND FUTURE WORK 

This paper has taken an important step towards exploring 

the application of Web 2.0 technologies in the area of 

Functional Product Development, introducing and 

exemplifying the concept of Engineering 2.0, intended as 

a more bottom up and lightweight knowledge sharing 

approach, able to complement CAD/PDM/PLM systems in 

the early product development stage when dealing with 

the design of a product-service combinations in a cross-

functional and Virtual Enterprise setting.  

The research work has outlined that existing knowledge 

sharing systems are not supporting in an adequate way 

the capturing, codification and sharing of cross-functional 

knowledge in PSS design. The authors believe, therefore, 

that adding social features to these technologies may 

improve the knowledge sharing potential of existing 

“heavyweight tools”. Lightweight technologies can add 

further support to the heavyweight systems, hence 

leveraging global communication and collaboration in a 

functional product development or PSS context.  

Although such technologies, methods and tools look 

promising to leverage the knowledge baseline of 

functional product innovation projects, their uptake in 

industry is limited. The discussion with the industrial 

partners has outlined several issues that have to be 

addressed both from a process and tool perspective 

before a wide adoption of such tools may be achieved: 

Active user participation. Web 2.0 tools are intended as 

spaces where people may grow their knowledge and 

understanding through interaction with other people 

sharing the same interests on a topic (rating, 

commenting, replying to feedbacks). The lack of user 

participation in the discussion will eventually spoil the 

innovative power of the technology. 

Leakage of proprietary knowledge. Letting the information 

flow across the organization in such an open mode can 

have negative consequences on a company’s proprietary 

and core knowledge, thus strict policies concerning 

dissemination of sensitive, proprietary information outside 

the company may be required. Using RSS feeds, for 

instance, confidential information can be pushed to 

unknown subscribers. 

Information quality. One of the major problems relates to 

information quality. Web 2.0 tools are typically dominated 

by the loudest and most persistent voices, leaning 

towards personal opinions and interpretations rather than 

verified facts. 

Lightweightness. Over time, as far as the information and 

knowledge managed by the lightweight platform 

increases, noise and spam increases as well, leading to a 

situation where the system is no longer lightweight, but 

rather cumbersome to navigate and poorly reliable. The 

risk of duplicated information is also relevant and may 

generate confusions and errors if not accurately 

managed. 

                                                                                     



 

From a process perspective, future research need to 

consider the importance of lightweight technologies in 

PSS or FPD context in considerations to industrial 

obstacles and defining the kind of working modes that 

these technologies able to support cross-functionality.  

One of the advantages related to the bottom-up approach 

is that it can allow to overcome the traditional symptoms – 

a corrective actions working mode – moving towards an 

approach where problems can be avoided by recognizing 

in advance the root cause of the problems.  

Eventually, the capability to turn tacit knowledge into 

explicit, and to make it available across functions and 

projects is still to be assessed. At this point, an 

Engineering 2.0 demonstrator is under development, in 

collaboration with the Swedish manufacturing industries, 

to collect feedbacks on the use of bottom-up and 

lightweight technologies for cross-functional knowledge 

sharing in a cross-company design situation. 
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Abstract:  In recent years there has been a growing interest among product 
development organizations to capitalize on engineering knowledge as their core 
competitive advantage for innovation. Capturing, storing, retrieval, sharing and 
reusing of engineering knowledge from a wide range of enterprise memory 
systems have become crucial activities of knowledge management practice in 
competitive organizations. In light of a changing and dynamic enterprise 
definition, including a move towards Product-Service System (PSS) 
development, this paper discusses some of the limitations of current enterprise 
systems in reusing engineering knowledge across functional and corporate 
boundaries. Further, the paper illustrates how Web 2.0-based collaborative 
technologies can leverage cross-functional knowledge for new PSS 
development projects through an open, bottom-up, and collective sense-making 
approach to knowledge management.  

Keywords: Cross-functional teams, Product-Service System development, 
Knowledge sharing, Knowledge life cycle, Engineering 2.0, Web 2.0. 

 

1 Introduction 

Engineering companies have traditionally focused their design and development activities 
on realizing physical artifacts (i.e. products). However, in today’s competitive and global 
business environment, engineering companies are under pressure to bring product-service 
combinations into the market, which satisfies customer needs with minimum 
environmental impact. This new emerging trend is called Product-Service Systems (PSS) 
[1]. PSS development is a new business innovation strategy that combines design of both 
tangible products and intangible services in an integral way to fulfill increasingly 
sophisticated customer needs. The basic principle of the PSS paradigm is to offer the 
customer the function of a product while retaining ownership and responsibility 
throughout the entire product life cycle. Other related business trends that are commonly 
related to the PSS concept include ‘Functional Sales’ [2], ‘Functional (Total Care) 
Products’ [3], and ‘Integrated Product and Service Engineering’ [4]. For example, aircraft 
engine manufacturer Rolls-Royce has, at least partially, shifted its business model from 
the provision of physical engines to the provision of ‘Power by the Hour’ [5].  
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Shifting towards a PSS paradigm places new demands and requirements on 
competences, capabilities and resources related to product and service design processes. 
Hence, PSS development leads to a complex organizational structure with involvement of 
cross-functional teams from different stakeholders throughout the whole life cycle, from 
understanding of customer needs to the development, use, maintenance and disposal 
phase of the product. These dispersed, multi-disciplinary, cross-functional and cross-
organizational teams operate in a dynamic, multi-cultural, and highly unpredictable 
environment, creating and managing massive amounts of information and knowledge 
everyday in different form or different contexts by using a diverse set of enterprise 
software and system solutions [6]. In PSS development, a major part of the value creation 
process is about developing a deep understanding of what customers need and value, an 
understanding which can be shaped from accessing a wide range of information, 
knowledge and communication related to customer activities in all life cycle phases. The 
collaborative PSS development process requires enterprise-wide teams to consider the 
full range of product life cycle needs in the earliest phases of the development project, 
especially when making trade-off decisions among many requirements and alternatives 
that impact the complete system. In most cases such decisions’ rationale, if captured at 
all, is stored in corporate memory systems that are usually not widely available and 
accessible across corporate or even team boundaries, making it more difficult to retrieve 
the right information at the right time in the later stages of the product life cycle.  

Earlier research studies in PSS [7-9] have acknowledged the challenges that 
organizations would need to deal with to successfully offer PSS. In this paper, the authors 
are mainly focused on challenges related to managing knowledge in cross-functional 
teams, dealing with how to leverage the existing knowledge in an organization’s product 
life cycle management activities by complimenting the existing enterprise systems with 
enhanced capabilities for social co-creation and networking. 

 

2 Motivation and objectives  

The move towards PSS and, consequently, Virtual Enterprise (VE) collaboration [6-7, 10] 
are pushing product development organizations to create, share and manage 
organizational knowledge across functional and corporate boundaries in complex global 
networks, which includes both formal (i.e. structure) and informal (i.e. unstructured) 
knowledge. Bell [11] argues that 80% of the organizational knowledge is stored in 
people’s head, 16% is stored as unstructured and while only 4% formalized as structured 
data. The challenge of leveraging organizational knowledge that exists outside of formal 
information repositories still persist. Consequently companies need to consider the 
technologies that allow engineers to work in more integrated ways to support their 
dynamic processes, which can influence an overall business performance and the way 
teams can collaborate. The emerging Web 2.0 based conversational collaborative 
foundation of knowledge management seems to be a more promising approach in this 
context [12]. Hence, in this paper the authors’ hypothesis is that companies increasingly 
need bottom-up and lightweight technologies to support cross-functional development 
teams in sharing product/service knowledge when targeting life cycle commitments. The 
purpose of this study is to verify such a hypothesis by means of observations and 
interviews with engineers and system users involved in PSS development activities. Since 
one of the clearest PSS examples is the Total Care package offered by Rolls Royce plc 



 
  

 

 

     
 

   
 

 

[5], the study has been conducted in collaboration with an aircraft engine component 
manufacturer that has pioneered the implementation of Web 2.0 like technologies, such as 
blogs and wikis, to support knowledge sharing in cross-functional teams.  

3 Methodology 

This study adopts a qualitative research methodology [13] and the empirical findings are 
based on an industrial case study performed in collaboration with an aircraft engine 
components manufacturer, which operates in a business-to-business context. The data 
have been collected through 17 interviews with several cross-functional team participants 
at different hierarchical levels, which include engineers, project managers, process 
owners, and company specialists, all with experience from global projects. During the 
interviews the concept of PSS and knowledge related issues in a PSS context have been 
discussed using as a reference a generic knowledge life cycle proposed by the authors. 
Several forms of interview techniques, formal and informal discussions, and focus group 
meetings were used for the data collection. The data collected were recorded, transcribed, 
and further validated by the respondents. The issues were then analyzed with PSS lens to 
understand the essence of collaborative technologies in terms of how existing enterprise 
systems leverage cross-functional knowledge while moving towards PSS development. 
The case study has been complimented by survey questionnaires forwarded to several 
functional managers within the company in order to quantify the identified patterns in the 
study. The questionnaires aimed to gather relevant data about the current cross-functional 
collaboration practices, challenges, and trend of new emerging technologies adoption in 
cross-company collaborations. External company documents and archival records have 
been used as secondary sources of data collection to maintain data triangulation [13] to 
identify the same phenomenon from different points of views. 

4 Case Study Description 

The case study has been conducted in co-operation with an engine component 
manufacturer. In the full supply chain towards the airliners, the company has design 
responsibility for components of aircraft engines. Also, they have one specific product 
where they are actually OEM (Original Equipment Manufacturers) themselves and thus 
provide a lot more than a hardware product, i.e. providing all the functionalities around 
the engine like manual documentation, education, training, engineering support, 
maintenance, safety issues etc. As a first tier supplier, they have been increasingly 
involved earlier in design projects with the engine OEMs and aircraft OEMs to enable 
them to be better prepared from a technology perspective and also to prepare better for a 
long product life cycle management. This Virtual Enterprise [10] collaboration brings 
new demands and requirements on information management concerning different access 
and security levels with many more boundaries between organizations and inherent 
communication difficulties. Thus, it is important to define how a set of geographical 
dispersed companies can collaborate and manage their product information, and how their 
respective workflows could operate together in the ideal VE settings. This involves best 
practices, methods, systems and collaborative platforms, etc. Internally they mostly 
communicate through face-to-face meetings, informal meetings, phone and email 
conversations, and phone/web conferencing, etc. Externally, when it comes to 
collaboration between the companies, they are using web-based teamspaces with 
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suppliers, and normally there is a lot of phone conferencing and email exchange with 
customers. It has been more difficult to collaborate with the customers since they 
normally do not set up shared teamspaces for these partnerships.  

5 Engineering 2.0 - A bottom-up/lightweight collaborative engineering 
approach- A review 

The advent of Web 2.0 technologies [14] has brought a new culture of sharing 
information on the Web where users can actively create, store, edit, access, share and 
distribute the content to larger audiences. These technologies facilitate each individual to 
maintain their own space for which they have complete control over the information they 
likes to share. This ‘bottom-up’ sharing and collaboration mode is opposed to the 
predefined ‘top-down’ structure of most of the existing knowledge management tools. In 
a way they are ‘lightweight’ because they require little time and effort to setup, learn, use 
and maintain. Many organizations are starting to deploy Web 2.0 capabilities in their 
working environment to take advantage of corporate social networks and collective 
intelligence [15], and further to bridge the gap between social and technical aspects. A 
2009 McKinsey survey outlined that more than 2/3 of 1700 companies worldwide have 
investigated or deployed Web 2.0 tools to support their product development activities 
[16]. Several initiatives are currently ongoing to integrate social capabilities within 
traditional engineering tools to improve the work practices of engineering and product 
development organizations. PTC [17], for instance, is exploring how to leverage social 
interaction and collaborative features, among global design and engineering teams, 
complementing CAD/PDM/PLM tools with the development of platforms like Vuuch, 
Pro/ENGINEER Wildfire, Windchill ProductPoint and SocialLink. Some other examples 
are Dogear social bookmarking from IBM, Tagger and 3D ContentCentral from 
SolidWorks, 3DLive and bluekiwi from Dassault Systems, IdeaStorm from Dell, and the 
Quest internal communications system from Microsoft.  

To capture the advent of Web 2.0 adoption in the fields of engineering and product 
development, Larsson et al [6] coined the term ‘Engineering 2.0’, which specifically 
targets geographically dispersed cross-functional project teams working in business-to-
business situations, where the available technology support for knowledge sharing still 
centers heavily on comparably ‘heavyweight’ and ‘top-down’ technologies like CAD, 
PDM, and PLM systems.  Engineering 2.0 is intended as a set of methods and tools to 
support bottom-up and lightweight modes of sharing knowledge and stimulate the 
knowledge flow in social networks throughout PSS development. A set of these 
technologies, including blogs, wikis, social networking, RSS feeds, tagging, micro-blogs, 
instant messaging, social bookmarking, mashups, prediction markets, social search, 
media sharing, collaborative editors, dashboards, idea banks etc, and few of their 
application scenarios in PSS development have been explained in [18]. A categorization 
framework [19] for Engineering 2.0 tools has also been proposed to show to what extent 
the PSS development activity may benefit from the integration of different applications. 

 



 
  

 

 

     
 

   
 

 

6 Results 

6.1 Issues in the current knowledge practices  

Knowledge Life Cycle (KLC) frameworks are getting increasing attention, and several 
such frameworks have been proposed in the literature [20-23] with varying stages as 
shown in Table 1. Most of these frameworks are proposed with a view of developing a 
technology platform and enterprise system that incorporates life cycle knowledge limited 
to a functional or organizational boundary. However, the requirements for the knowledge 
infrastructure become different in a PSS context, asking for methods and approaches 
better equipped to enable an open, bottom-up, collective sense-making approach to 
knowledge management [18, 24], which could support social creation, knowledge sharing 
for engineering and product development activities. Hence authors propose a generic 
KLC (Table 1) to classify the findings in the case study to better structure their 
argumentation, that can support cross-functional teams social creation across functional 
and geographical boundaries, and which is particularly focused on reusing knowledge 
from distributed cross-functional teams using a diverse set of information repositories. 
The motivation for the new framework is also for capturing and using existing knowledge 
in people in tacit form. 

Table 1  Knowledge Life Cycle frameworks  

The empirical findings from the industrial case study are described in each stage of the 
knowledge life cycle introduced above: 

 Knowledge Capture, In the aerospace domain, the early phase of the development 
process is a complex exercise where often the market needs from the airliners put forward 
to engine manufacturers. Currently, this is performed mostly through business relations, 
group meetings to agree upon formal business deal that usually captured in the business 
agreement reports. In the design process, geographically distributed engineers did several 
iterations before they get to a design to develop hardware from. The first few iterations 
are not likely to make it into the final design, but it is still useful to extract lessons learned 
that might arise in these early iterations. They usually capture the design rationale in 
design reports, excel sheets, internal shared spaces, etc. Most importantly, it is often very 
difficult to find “why” explanations for the decisions in databases. One of the design 
informants pointed out that, “I think we should have some better tools for catching 
knowledge generally. But it is the big question how to form these tools more effectively”. 
The case company has the customer support personal at the customer sites, to assist 
answering questions that are outside the available documentation. All the requests from 
the customers in the product life cycle are documented in a database where they usually 

Authors  Knowledge Life Cycle stages 

Blessing et al., (2000) Capture, Learn, Store, Retrieve, Use, Generate 

Chan et al., (2001) Identify, Create, Transfer, Store, Reuse, Unlearn 

Fruchter et al., (2002) Create, Capture, Index, Store, Retrieve, Reuse 

Nuzzo et al., (2006) Identify, Capture, Store, Access, Share, Use, Learn, Generate/Acquire 

New framework  Capture, Store, Search & Locate, Access, Share, Reuse  
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document the background material for the change. People often claim that the current 
database has a lot of file numbers in more structured way of lists and it is often difficult to 
figure out how the decision was taken, what the common issues are and who makes the 
changes, etc. As one IT informant put it: “I think we locked-in too much traditionally 
putting them in a document system like to die. Someone said that those traditional 
document systems are graveyards and I think they might have a point”.  

Knowledge Store, All internal working documents and the supplier information are 
stored in document management systems (DMS) and shared spaces with a lot of ‘meta 
data’, which allows them to have a more formal way of structuring the documentation. 
They usually store operation details, problem reports, and project documents in the 
system. They have classified the document type in several classes like open, internal, and 
to OEMs, etc. Furthermore, they have described the rules related to how they should save 
them, what they should do with them, and how they should alter them, etc. However, for 
unstructured data types, they lack of document type and do not have any specific rules. In 
that case it is up to the person creating the document to decide whether it is open or 
internal. One of the project informants said, “When I do a new project, how can I use this 
information that is stored today? And there are quite a lot of issues because the 
information is stored in different systems and it is not presented in a way that I can use. If 
I get an issue, maybe I need to know what are the issues in previous project, how was the 
manufacturing process at that time, or materials that were used, what people were 
involved etc. I need to collect all the required data from different systems to understand 
the whole issue”.  

Knowledge Search/Locate, In the case company the free text search is not likely to 
straightforwardly bring to the expected documentation from a previous project in the 
DMS, because they have to know which area it is about, and find out if there are any 
restrictions on accessing that area. Informants found the use of their document 
management system solid in many aspects, but poor in facilitating search and retrieve 
functionalities. Due to access rights the search functionality is too restricted for efficient 
re-use of knowledge. One experienced informant pointed out that, “We have a huge 
organizational memory of 80 years, but we do not have the possibility to search in it. We 
have to find a way to make it available and to get something from it”. He further added, 
“Today we do not have the time to search and retrieve the information. We want it like 
that. Instead of spending time on searching for, we create it once again, even if it is 
already somewhere in the cyber space. On the other hand, sometimes people forget to put 
‘meta data’ with the documents, and then it's difficult to locate them in the databases”.  

Knowledge Access, The information lies in separate databases and they have different 
levels related to access and security. If somebody does not have access, then they might 
not find the required information. In the aerospace domain, the engine provider has many 
customers on several development programs, they might not be able to exchange/share 
the information in between them. Once they finish the project, they are not able to access 
the documents. One project informant described that, “For example, if you do the lessons 
learned report and after a year you want to get access, even if you have written them by 
yourself you are not allowed because the project is closed. You maybe need some special 
access, we have a very rigid system to get access to, and it is unclear who has the access 
to do that”. 

Knowledge Share, as noted before, quite a lot of information today is restricted to a 
few people. As the company is not normally the OEM, they depend on the tools their 
customers offer to collaborate externally. They have been working excessively on 



 
  

 

 

     
 

   
 

 

describing the business processes, standards and instructions in the existing tools, but 
these tools do not have that much functionality for commenting and other forms of 
relatively unstructured information. One design informant said, “In previous project we 
were designing according to the customer’s design system and they own the system, and 
we cannot share it with anybody else in the company. That’s a problem getting documents 
from such a project because it is limited to the persons in that project”. Another problem 
that informants highlighted was that, “….information secrecy part is a bit tricky, people 
don’t really know what they can share or not..… Some persons say if they have access to 
more than one system, it’s very supportive in their work, otherwise they just see their own 
information. That’s a little difficulty when you think about knowledge sharing”. As they 
are 30 to 40 persons involved in the project, sharing information among team members 
and across different systems is a major concern. As one design engineer pointed out, “If I 
want to share information between systems, how can I ensure what requirements I need to 
present to the provider?.... It is difficult to share the data within the company. If you want 
to be able to share the data outside to the different providers there are some more things 
to do”. 

Knowledge Reuse, Many engineering companies are having a hard time reusing the 
information from the existing enterprise systems. If they have rigid access rights, it is 
hard to find them even with a brilliant search engine. As one of the informants noted, “We 
don’t have a good integration between different systems. So we have to look for all the 
documents/data in different systems from project name, materials numbers to identify the 
requirement numbers for those features you are interested in, and then you go into other 
systems and look for the capability data and the capability of the system”. A process 
owner informant highlighted that, “I think we need to be stronger in taking care of 
lessons learned and make the lessons learned available for reuse in upcoming projects. 
From each project we should update project lesson learned documents once you reach a 
gate. But today we are not extremely good to take that information and actually feed it 
back to the system”. All service knowledge from customer sites is stored in databases in 
the form of documents. This knowledge can be helpful in the earlier phases of other 
upcoming projects, but they do not have any regular activities for re-using this 
information and they do not have good practice at the company. 

6.2 Lightweight collaborative tools support in engineering activities 

The case study has outlined an increasing interest towards using lightweight collaborative 
tools in engineering product development activities. The research work highlights several 
promising areas where a bottom-up approach can show a significant impact especially in 
early phases of product realization. In the aerospace domain, the early phase of the 
development process is a complex exercise including numerous participants from global 
networks. Web 2.0 technologies can enhance the co-ordination and provide clarification 
on needs by providing considerable amount of collected information among 
heterogeneous and distributed partners, which could help integrate the decision-making 
process in an effective way. As cross-functional teams have to realize life cycle demands 
in the earliest phases of development projects, many of them have different views on how 
to design and develop a product with a full life cycle view. Approaches like open 
innovation and enterprise crowdsourcing platforms can help organizations with collecting 
the ideas, insights and feedbacks from employees and even from customers, suppliers and 
external partners in the early phase of the development process [6, 12]. These tools make 
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organizational knowledge visible and harness the power of diverse individuals to 
collectively contribute to the project in a collaborative enterprise context. As highlighted 
by one of the experienced managers, “...the major difficulties during product 
development were that we are not using social networking tools as much as we can. We 
are not utilizing forums, blogs and wikis in great extent… …We need to get a level where 
we can support standard enterprise systems with wikis and blogs for co-ordinating and 
feeding informal information from the coffee room conversations and departmental 
/personal meetings. Then we bring the discussion into more open shared space where 
other persons can address relevant questions, give comments, and follow more open 
dialogues and moreover we can increase the network around certain area/issue”.  

The case organization is trying to get everyone to engage in more social/bottom-up 
behavior around existing platforms, including the creation of alerts, tags, RSS feeds etc. 
In their personal shared sites, everyone has the possibility to create a blog and a wiki if 
they like, and they have a shared document area where they can add documents and create 
temporary workspaces etc. Additionally, they also have a colleague tracker where they 
can add colleagues and follow their new documents and new blog posts. The case 
company found benefits from using a blog as an open and shared platform across 
functional and organizational boundaries. One of the project informants said, “The 
product development team needs to spread the information more in the projects, so 
respective designers know that first part went to workshop, manufacturing sequences and 
milestones etc…. It's more about getting design feedback and making sure that the design 
team is getting the feedback about the product in later stages of product development, 
etc.” They are trying to encourage design teams, supplier teams and operators to post in 
the blog as well. Another informant added, “Now if something happens during the 
manufacturing, the people can now go back and read about what happened at that time. 
We are also encouraging to put in the tags for easy searching and retrieval”. 

Web 2.0 tools encourage ways in which employees in organizations collaboratively 
create and share the content into a more easily searchable knowledge base through, for 
example, tags. This bottom-up approach helps the users contribute continuously to the 
collective knowledge base [19]. By connecting web based mashup platforms to processes, 
information and knowledge can more easily be integrated across functional boundaries, 
which eliminate handoffs and lock down processes. Lightweight collaborative tools can 
facilitate networking capabilities and create social communities and collaborative spaces 
where teams can team up to accomplish tasks through coordinating activities and sharing 
knowledge [15-16]. For example, a wiki system could support more of a day-to-day 
process instead of waiting for a project gate. In that way it can support the gate passage 
and lessons learned process, to catch all potential lessons learned from different 
perspectives and then co-ordinate the information more towards possible process 
improvement in projects. Currently, the case company is developing a design practice 
system where there is an activity description of design process, how to do design 
iterations and criteria for selection, etc. One design informant pointed out that, “the wiki 
can make some distinction here, and it can act more or less as an informal collector of 
different opinions and knowledge about practices. Therefore, having a wiki system 
connected to each activity, lesson learned and experiences are beneficial… we could 
document all design stages even better, so others can see and share their experiences”. 
Social networking may support newcomers in exploiting the network of connections that 
typically distinguish more experienced engineers, finding expertise inside and outside the 
company [18]. By accessing the social profiles one can access their documents, list 



 
  

 

 

     
 

   
 

 

projects they have participated in, etc. This increases organizational awareness within 
distributed, heterogeneous organizations, which enables team members to find one 
another and work together. A real opportunity in moving to the PSS paradigm lies in the 
ability to capture life cycle information as it is created through the delivery of life cycle 
services [7, 9]. For example, when customers have concerns about the product/service, 
these collaborative environments allow for new ways of communicating to immediately 
respond to their questions and offer external support with regard to their issues, as well as 
to immediately feed such knowledge into the product development process for the benefit 
of current and future projects. Companies can provide desired and relevant information to 
the customers through these technologies, making it easier to develop contacts and 
improved connectedness. This nurtures a collaborative knowledge management practice 
between cross-enterprise knowledge workers where they jointly create and maintain the 
knowledge assets. This can help transcend formal bureaucratic hierarchy structures in 
organizations and create informal communities to foster communication across 
organizational boundaries. 

 

6 Conclusions and Future work 

This paper emphasizes the importance of the creation of a collaborative environment 
where cross-functional teams can manage and reuse knowledge smoothly and informally 
across functions and corporate boundaries in a PSS context. The empirical findings from 
the case study support our argument concerning the limitations of current enterprise 
systems for knowledge creation, sharing and publication in heterogeneous and distributed 
networks, and emphasize how the cross-functional knowledge can be leveraged through 
the support of a more bottom-up and lightweight collaborative approach. Managing 
knowledge in early phases of PSS development processes and getting feedback from 
service operations to design are two areas where bottom-up technologies seem to 
complement the existing enterprise systems. Although several benefits were found with a 
bottom-up collaborative approach, several industrial obstacles were noticed in the 
fieldwork, such as: (1) establishing a culture that encourages working with unstructured 
information, (2) bridging the generation X and Y gap concerning adoption of social 
software, (3) making a cultural shift from sharing of information to sharing of knowledge, 
(4) allowing for more two-way communications than one-way communications, (5) 
motivating people to take active part in open dialogues. The collected needs and 
constraints from the case studies will enhance our understanding to move further in the 
development of a lightweight collaborative demonstrator tool in the proposed knowledge 
life cycle perspective. 
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Abstract: The paper explores the application of Web 2.0 technologies to support product 
development efforts in a global, virtual and cross-functional setting. It analyses the dichotomy 
between the prevailing hierarchical structure of CAD/PLM/PDM systems and the principles of 
the Social Web under the light of the emerging product development trends. Further it 
introduces the concept of Engineering 2.0, intended as a more bottom up and lightweight 
knowledge sharing approach to support early stage design decisions within virtual and cross-
functional product development teams. The lessons learned collected from a cross-company 
study highlight how to further develop blogs, wikis, forums and tags for the benefit of new 
product development teams, highlighting opportunities, challenges and no-go areas. 
 
Keywords: Engineering 2.0, Product Development, Web 2.0, Functional Product 
Development, Cross-functional teams. 
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1 Introduction  

Engineers are no longer solving the problems they used to solve. In the 

aerospace industry, for instance, the design of a new aircraft engine 

cannot merely be reduced to a pure technical activity, such as the 

calculation of stresses on the blades or on the intermediate case. 

Engineers are not longer dealing with “tame” problems only; rather 

have to pay increasingly attention to “wicked” problems [Rittel, 73] as 

well, such as developing a “passenger-friendly” airplane [Boeing, 06]. 

The information and knowledge embodied into 3D product models 

and data structures, i.e. in CAD (Computer Aided Design), CAE 

(Computer Aided Engineering), PDM (Product Data Management), 

PLM (Product Lifecycle Management) and KBE (Knowledge Based 

engineering) applications, do not provide alone a good enough basis to 

support decision-making activities in this emerging context.  



Whatever technical work is done it must necessarily be done in a 

social context – a context that encompasses the ordinary practical 

decision-making processes that individuals and teams go through, and 

the knowledge and skills they bring to bear on these processes. It has 

been observed that engineers and scientists very often turn to a person 

for information rather than to a database or a file cabinet, and people 

seem to rely heavily on colleagues that they know and trust. Such 

informal, spontaneous and relatively unstructured interactions are 

therefore crucial to successful collaboration. 

The increasing globalization, however, has a negative influence on 

the knowledge sharing performances of development teams. Effective 

sharing is challenged by more distances than the geographical. 

Engineers are working together with more people than ever before, but 

often with very limited knowledge of whom they are actually working 

with, what their collaborators know, and to what extent they can be 

trusted. Differences include language, culture (both ‘corporate’ and 

‘local’), educational background, government regulations and time 

zones, thus local knowledge [Randall, 07] tends to stay local. Issues of 

how to build trust, rapport, and respect to bridge these differences are 

identified as crucial [Larsson, 2005]. 

To achieve effective global design teams, it is crucial to address and 

deal with such issues of “social disconnectedness”. Social software 

represents a way to bridge this gap, offering the possibility to the 

engineers to create and maintain a rich network of connections with 

people with knowledge and experience in complementary domains. 

This is particularly interesting when it comes to product development 

activities, since that is a field where knowledge workers are explicitly 

interested in avoiding redundancy, and instead seek novelty and 

innovation rather than well-known knowledge. 

2 Purpose and objectives 

In this paper, the authors make the assertion that bottom-up, 

lightweight and Web 2.0 style technologies can have a serious potential 

when it comes to effectively share knowledge between actors partaking 

in product development in a global and virtual context. In spite of such 

an opportunity, companies find difficult to adopt and successfully 

exploit Web 2.0 methods and tools in the organization.  



The purpose of this paper is to define and discuss the Engineering 

2.0 [Larsson, 08] concept, highlighting the context it originates from 

and the way it may enhance collaboration across dislocated and cross-

functional design teams. The paper spotlights the current initiatives 

aiming to introduce a more bottom-up knowledge sharing approach in 

the area of product development. Then, it collects application examples 

and lessons learned from a cross-company study, exemplifying how 

tools like e.g. blogs, wikis or forums can be applied in the everyday 

designers’ work, and highlighting the major issues and the low-hanging 

fruits of Web 2.0 in product development. 

A delimitation of this paper is its focus on “engineers”, i.e. on the 

“engineering task” and on how Web 2.0 technologies can support 

globally dispersed engineering teams working in a business-to-business 

situation, where the available technology support for knowledge 

sharing still centres heavily on comparably “heavyweight” and top-

down technologies like CAD, PDM, and PLM systems.  

3 Methodology 

The research has been conducted within a Swedish Excellence Centre 

for Functional Product Innovation, and has benefited from the 

participation to two research projects in the European Commission’s 

FP6 and FP7 programmes. 

More specifically, a cross-company case study [Yin, 94] has been 

conducted within the Excellence Centre, in collaboration with an 

aircraft engine component and a machining tool manufacturer. Data 

have been gathered from 37 semi-structured interviews, two focus 

groups and several virtual meetings with people from the participating 

companies.  

The companies were chosen as the main research context because of 

their rich experience with cross-functional global teams. The interview 

respondents belonged to different company functions (product 

development, customer support, marketing, production, IT service) and 

to different levels of the company hierarchy (process owners, project 

managers, company specialists, system users). The interviews have 

been made in six separate sessions at the company facilities between 

June 2008 and May 2010. The average duration of the interviews is 

about 40 minutes. Each interview was audio-recorded, transcribed, 



spell-checked and validated by the respondents. The excerpts presented 

in this paper have been taken from these recordings.  

The interviews have been facilitated and moderated by the 

researchers to uncover topics that were not anticipated beforehand 

[Fontana, 1994] and to build on the findings from previous studies. An 

interview guide has served as a basis in the interviews, but, in line with 

semi-structured interviews, additional topics that came up in the 

discussion have also been followed up during these sessions.  

The questions in the interview guide could best be described as 

open-ended questions, i.e. questions that allow the informant to 

formulate the answer from his or her point of view. One example of 

open-ended questions based on the topic “knowledge work” is: “Do 

you share your expertise within the organization? If so, how?”.  

Four virtual workshops with the company specialists have been 

arranged to validate the outcomes of the interviews and to further 

highlight priority areas of intervention. 

The cross-company study has been complemented by 15 

questionnaires forwarded to process owners and project managers 

belonging to major manufacturing firms mostly in Sweden, but also in 

Germany and Italy. The questionnaire included 13 multiple-choice 

questions, which aimed to gather data about the State-of-Practice of 

how cross-functional global teams collaborate, and 4 open-ended 

questions, to collect deeper information about the knowledge sharing 

barriers. 

4 How Web 2.0 is spreading in product development: a review 

Many organizations have started to investigate the use of Web 2.0 

technologies in their working environment. McAfee summarizes the 

rising company interest in the use of Web 2.0 tools for generating, 

sharing and refining knowledge in a global setting with the term 

Enterprise 2.0 [McAfee, 06]. Enterprise 2.0 is defined as “the use of 

emergent social software platforms within companies, or between 

companies and their partners or customers”. Shimazu [Shimazu, 07] 

has further discussed the impact of Web 2.0 on knowledge management 

and its future orientation, introducing a knowledge management model 

in the context of the Web 2.0 age that can expand collective 

intelligence in a positive spiral by closely linking it to knowledge 

extraction from various communication tools and job systems. The 



Knowledge 2.0 [Levy, 09] principles have been further explored from a 

generic company perspective by many authors, such as Scherp [Scherp, 

09], Sotirios [Sotirios, 09] and Richards [Richards, 09]. 

For what concerns product development, the emerging interest 

towards bottom-up and lightweight applications has been highlighted 

by a recent McKinsey [Bughin, 09] survey, showing that more than 2/3 

of 1700 companies interviewed worldwide have investigated or 

deployed Web 2.0 tools to support their product development activities.  

Web 2.0 tools are not completely new in product development, 

although their use is limited to a comparably small part of the entire 

process, mainly with the intent of gathering ideas and feedback on the 

product from the customer base.  

Crowdsourcing [Howe, 06] represents the most intuitive way to 

leverage bottom-up tools for the benefit of product development. 

Crowdsourcing essentially means outsourcing a task to a large group of 

people or to a community (a crowd) through an open call. The basic 

principle is that online consumer communities greatly add value to new 

product development [Pitta, 05], thus Web 2.0 can leverage the critical 

role that customers and the crowd play in the innovation process 

[Ribiere, 09]. Crowdsourcing is hugely popular in the software 

development domain. Dell IdeaStorm [Di Gangi, 09] represents an 

example of how idea crowdsourcing may be exploited in an early 

design stage of new products. Several top companies, such as 

Microsoft, Apple or IBM, have made extensive use of social media to 

get feedback from the customer and to share ideas with lead users 

ahead of beta testing [Smith, 09]. In manufacturing, Web 2.0 

applications have been used to gather innovations for both products and 

services [Awazu, 2009] [Mamgai, 09], sometime even by means of 

virtual prototypes online [Füller, 06].  

Web 2.0 tools have been also proposed to enable effective 

communication within dis-located teams, particularly to improve 

collaboration and shared understanding in the initial stages of a product 

development project [Walthall, 09]. A lightweight knowledge sharing 

approach, based on a wiki-like annotation tool, to support distributed 

software development teams has been proposed by Maalej [Maalej, 08]. 

The Microsoft Quest internal communications system [Patrick, 07] and 

the wiki-like environment proposed by Ciavola et al. [Ciavola, 09] 

represent other examples of bottom-up collaborative platforms. Social 

bookmarking applications, such as IBM Dogear [Miller, 06], have also 



been developed to support learning, sharing and collaboration between 

researchers and professionals.  

Similarly, Web 2.0 technologies have been proposed and 

implemented to support product development projects’ documentation 

[Høimyr, 07] [Albers, 10]. Wiki-style collaboration tools can be used to 

create assessment reports [Hawryszkiewycz, 07] or to address the 

problems associated with maintaining rule-based systems as they grow 

[Richards 2009]. Further, many companies have started to implement 

bottom-up application to harvest product and process ideas from their 

employees, distribute them through the organization, have them 

evaluated by peers or formal review teams, and eventually to improve 

their offer and internal procedures [Awazu, 09]. 

A more collaborative approach for knowledge retrieval has been 

also proposed by several authors, as a means to locate the right 

information just when needed. Context-based applications [Schillit, 94] 

have been recently explored for the in-context delivering of relevant 

knowledge from previous design activities in order to improve future 

designs [Redon, 07]. The key element to successful reuse is to 

understand a designer’s reuse intention, which is not merely expressed 

by few keywords in a query.  Significant improvement can be obtaining 

by providing tools that allow users to express the applicability of a 

certain knowledge management to their context, and, therefore to use 

such information to further refine future searches and to provide more 

tailored knowledge to people with similar profiles [Redon, 2007]. 

Web 2.0 may also directly enhance the traditional CAD/PDM/PLM 

tools through the integration of social features. PTC, for instance, is 

exploring how to leverage social interaction and collaborative features, 

among global design teams, complementing CAD/PDM tools with Web 

2.0 applications [Shoemaker, 09]. Vuuch (http://www.vuuch.com), a 

plug-in for Pro/ENGINEER or Dassault Systemes’ SolidWork, 

initiates, monitors, and manages design discussions directly from the 

CAD environment to organize design discussions by associating them 

to the product Bill of Material (BOM). 

5 Rethinking Web 2.0 to cope with the emerging product 

development trends 

In a “traditional” product development situation, the product 

specifications are grown from high-level, pre-defined archetypes (e.g. a 



screwdriver, a car, a washing machine) and then refined in greater 

detail adding additional subsystem levels until the system is reduced to 

base elements in a hierarchical, top-down, flavour. The engineering 

work is typically co-located (i.e. the engineering team sits together in 

the same physical space) and well supported by domain-specific 

applications such as, to mention a few, CAD (Computer Aided Design), 

FEM (Finite Element Method), PDM (Product Data Management), 

PLM (Product Lifecycle Management), and KBE (Knowledge Based 

Engineering). These systems are proven to provide adequate support in 

managing structured product information and formal communication, 

such as project documents, design drawings, lessons learned, best 

practices records and others.  

One of the industrial drivers that causes us to reconsider the 

knowledge sharing practices of product-developing organizations is the 

growing ‘virtualization’ of companies, making them increasingly 

loosely coupled – which has serious ramifications for the knowledge 

management practices and technologies that they choose. 

Taking the aerospace industry as an example, very few companies 

have competences, knowledge and skills to cope with the development 

and supply of a complex product such an aircraft engine, composed by 

thousands of parts, with an expected lifecycle of 30-40 years.  

A way to cope with such limitations is to establish a closer 

collaboration with a multitude of actors across the value chain, building 

strategic alliances with customers, suppliers, contractors, distributors, 

competitors and research centres [Isaksson, 09] and to be able to share 

knowledge in an open mode with them. Virtual Enterprise (VE) 

[Davidow, 92] are formed to access important information about, for 

instance, the role of consumers, retailers, customer support and 

maintenance [Isaksson, 09], which may allow to gain deeper insights 

into the basic reasoning that makes the customer link the use of a 

product or service to perceived added value. 

To make an example, a jet engine manufacturer, such as Rolls-

Royce, might develop engines to be used on both Airbus and Boeing 

aircraft, which are ordered by different airliners, which are partners in 

different airline alliances, etc. Further, the V2500 aero engine family is 

provided by International Aero Engines (IAE), a joint venture including 

Pratt & Whitney, Rolls Royce, MTU Aero Engines and the Japanese 

Aero Engines Corporation. Other examples of such virtual partnerships 

are both the CFM International, a joint venture between GE and 



Snecma aiming to develop the CFM56 aero engine product line, and 

the Engine Alliance (Engine Alliance) a joint venture between GE and 

Pratt & Whitney to develop the GP7200 engines powering the Airbus 

A380. 

Traditionally, cross-enterprise partnership are led by a single 

Original Equipment Manufacturer (OEM), which can normally put its 

suppliers under contractual obligation to share data, information, and 

knowledge through one or several information systems of the OEM’s 

choice [Browne, 99]. However, in the case of a Virtual Enterprise, the 

issue of what to share with others and how to share it is not as easily 

resolved, since a VE is essentially a network of independent 

companies, including suppliers, customers and even competitors, that 

are “…linked by information technology to share skills, costs, and 

access to one another’s markets. It has neither central office nor 

organization chart, no hierarchy, no vertical integration.” [Byrne, 93].  

Defined in logical terms, not physical, the VE is based on the idea 

of organizations gaining access to more resources than they currently 

have available, without having to expand. Since VEs are essentially 

“…networks of partners and suppliers that work together to reach 

common goals. In this environment there is no single partner that 

decides the infrastructure, tool set or processes to be used” [McAfee, 

06], there is the need to find tools that have a low overhead and are 

easily configured to be used by heterogeneous users. The prevailing 

hierarchical structure of the PDM/PLM systems seems to contrast with 

the need to acquire knowledge and obtain feedbacks from a large 

network of independent and geographically dispersed peers. The 

development of an ad-hoc top-down collaboration platform is 

essentially too costly and time-consuming in this volatile context.  

The authors have also observed a move towards extending 

traditional product-based offers to incorporate more intangible assets, 

i.e. software and services, taking on lifecycle responsibilities (in a 

nutshell, an evolution of the leasing/pooling model) to secure the 

aftermarket and to satisfy increasingly sophisticated customer needs.  

In a Functional Products [Isaksson, 09] or Product Service Systems 

[Baines, 07] perspective the manufacturer maintains the ownership over 

the product and becomes responsible for the availability of the function 

through the entire life cycle, while requesting the customers to pay only 

for the provision of agreed results.  



An illustration of the new “functional product” idea is apparent in 

the Total-Care Package [Shehab, 06] offered by Rolls-Royce plc. 

Rather than transferring the ownership of an engine to the airliners, the 

provider delivers “power-by-the-hour”, requesting the customer to pay 

only for the use of the product (e.g. number of flight hours). In this way 

Rolls Royce can maintain direct access to the asset, enabling the 

monitoring of the product performances in use and growing experience 

on how the hardware is operated through the lifecycle. This information 

can be used later to improve maintenance schedules, engine efficiency, 

upgrade the hardware and, eventually, to increase the provision of 

lifecycle “value”. However, “value” refers to different stakeholders and 

users, belonging to different organizations and groups, sitting in 

different locations, and who may have totally different perceptions on 

what “value” entails.  

Intuitively, the knowledge base from which the product 

specifications are drawn has to be extended to know more about the 

ultimate customer needs, their value scale, and to tailor the hardware 

for a successful functional life. Engineers in an early design stage need 

to take crucial decisions regarding the structure of the functional offer 

and, consequently, they have to understand how a certain design 

alternative impacts on the stakeholders’ value scale. 

A jet engine could be kept in service even for several decades, thus 

knowledge from the ‘later’ phases (i.e. production, use, maintenance, 

recycling, etc.) now needs to be used as a knowledge foundation in the 

earliest design steps. A key challenge in such boundary-crossing 

product development work is that, for complex products like an aircraft 

engine, this value-related knowledge is dispersed across many different 

VE partners and customers (e.g. aircraft manufacturers, airlines, 

passengers, ground crew, airports, technical service) that use different 

technological systems to create, store and share it. 

The knowledge contributors may have different roles, background, 

computer skills and may find cumbersome or even impossible to 

interact with domain-specific applications such as CAD, PDM or PLM, 

leading to a situation where the vast majority of people who might have 

knowledge about the emerging aspects of the product cannot contribute 

in populating the knowledge base.  

Additionally, Bell [Bell, 06] argues from his study that 80% of the 

organizational knowledge is stored in people’s heads, while only one 

fifth is formalized in Office documents e-mails, databases, XML data, 



etc. This informal knowledge exchange, which normally takes place by 

means of emails, phone conversations, face-to-face meetings or video-

conferencing, is even more difficult in a VE context because the 

development team, as a whole, usually does not have a previous history 

of working together and there are fundamentally no ‘shared 

assumptions’ of how collaborative work may proceed. Additionally, 

there is an inevitable flux of team members over time in such projects, 

which makes even more difficult to share experiences, know-how and 

feedback. All these factors represent a great obstacle when engineers 

require authentic information, expert help, or when there is a need to 

search and retrieve quality information.  

6 Engineering 2.0: a definition 

Engineering 2.0 [Larsson, 08] is an approach that promotes the use 

of Web 2.0 style methods and tools to support informal knowledge 

sharing across functions and companies in a Virtual Enterprise setting 

(Figure 1).  

 

Figure 1: Engineering 2.0 mapped against current knowledge sharing 
approaches 



The authors recognize that, to cope with upcoming product 

development trends, a more bottom-up and lightweight (compared with 

traditional CAD/PDM/PLM environments) approach for engineering 

knowledge management should be pursued. Lightweight because the 

purpose is to develop and implement solutions that require little time 

and effort to setup, use and maintain. Bottom-up because it does not 

impose a pre-defined structure, but rather lets structures evolve over 

time as an almost organic response to the activities, practices and 

interests of the knowledge workers that use these technologies as part 

of their everyday work. 

The development and implementation of Web 2.0 style tools to 

support global, cross-functional collaboration has been extensively 

discussed with the companies involved in the cross-company study, 

which have pioneered the adoption of social tools within its product 

development department. The discussion has outlined areas where the 

benefit/risk ratio of Engineering 2.0 is particularly appealing for the 

company. The major benefits of are seen in the area of: new product 

opportunities identification, capabilities identification and design 

rationale management. 

7 Identification of new product opportunities 

When dealing with complex products and targeting lifecycle 

commitments, it is increasingly important to have a clear picture of a 

wide variety of customer needs and to identify opportunities to improve 

the current offer both from a product and service perspective.  

The front line, the salesmen and technicians, may know a lot about 

the value of a solution for the customer. This knowledge is still mostly 

exchanged via customer visits reports or, informally, via face-to-face 

meetings, phone calls and spontaneous discussions, as outlined by one 

of our informants in the matching tool industry: 

“Once, one of our customers was trying to optimize a blade machining 

process using some of our tools in his low-power machine. After a 

while, a technician visited his shop floor and noticed that he had been 

able to get significant process improvements by radically modifying the 

machining settings in a way we did not even expect in the beginning. 

He made a video, which was stored in a local database. However, it 

took several months before he could share what he saw with one of our 

product development engineers, and it happened by chance at the 



margins of a training event. The movie had been further analyzed and 

provided relevant knowledge for the next tools’ development.” 

Web 2.0 tools could be used to increase the product developers’ 

awareness about what is “hot” at the customer today, facilitating the 

team in aggregating, filtering and validating the heterogeneous inputs 

from the front line. It is not merely a matter of forwarding the customer 

impressions to the engineers, rather to use the capabilities of the Web 

2.0 tools to attach the right context to this information and to better 

trace how the needs originates and evolve.  

The use of blogs and wikis to complement existing PDM/PLM 

solutions by leveraging conversations and putting them in a more 

global and shared context has been discussed with several company 

specialists: 

“Blogs and wiki are powerful tools to pick up the coffee machine talks 

and to increase the network around a certain problem area... In the 

same way as engineers meet out in the corridor and discuss the matter, 

we can bring that discussion from the corridor into the wiki and 

nurture a more open dialogue.” 

Weblogs might be used as a platform for early feedback from 

external stakeholders and employees, allowing them to engage in 

discussions [Payne, 08] [Jim, 09] on product and service offers. They 

might provide a quick and lightweight way to codify the front line 

experience, letting other people with similar interest to rate, comment 

or ask for elucidations. New ideas and findings on innovation projects 

could be presented to a larger audience as an entry in the weblog, 

lowering the threshold for commenting and expressing opinions or 

document personal experiences. Wikis, similarly might also be used as 

a space to collaboratively grow ideas for future products and to define 

and refine best practices from the different lifecycle phases, facilitating 

idea and experience sharing among the stakeholders. 

Alerts might be used to update the product developers about any 

changes in the global/local databases, while RSS feeds could allow 

design team members to subscribe their choice of content resources to 

get regular updates in a standardized format, pushing relevant 

information to the users at the right time in the right place. 

Organizations might create RSS pages to accumulate all updates from 

various databases that are specifically customized for the employees’ 



needs, and can help them getting an overview of the hot topics in the 

organizations.  

Forums could allow engineers to raise critical issues with the other 

partners in the network, managing heavily moderated topical 

conversations over a prolonged period [Mayfield, 09]. They can be 

used to scale up internal conversations and to get feedback from experts 

in various domains and disciplines.  

Tagging practices may facilitate the discovery of relevant 

knowledge outside the product development boundaries. The 

knowledge codified by the VE stakeholders may be put into different 

bins at a time (per customers, competitors, projects, product types, 

maintenance and service offerings) making easier for others to locate 

and fetch information tagged in the same way from different sources.  

Microblogs might be used to spread innovative ideas, quotes, or 

links that may allow others to give real-time and focused feedback on 

technical or service matters. It might be possible to locate and follow 

experts in a VE setting, asking questions and getting answers, 

ultimately creating a learning experience and fostering professional 

connections.  

The most evident benefits of Web 2.0 technologies relate to the 

possibility of reducing the time end effort to identify knowledge 

owners from the front line, to browse their inputs and to increase the 

awareness of the multi-functional issues regarding a given topic. 

Eventually the knowledge contributors may benefit from an increased 

awareness on people working in similar areas and, consequently, from 

the learning opportunity offered by their continuous feedbacks. 

8 Locating the right capabilities in the organization 

The study showed that social software plays a strong role in increasing 

the engineers’ social ties, discovering people “who knows” and people 

“who may help” with a specific problem outside the usual network of 

connections. Design stakeholders who have similar knowledge, that 

share the same interests to solve complicated tasks or that possess 

complementary capabilities to cope with a given “wicked” problem, are 

difficult to locate in a global product development context, as outlined 

by one of our informants in the aircraft manufacturing industry: 

“Our group comprises also a naval department. Once it developed an 

innovative and heavily press released engine model, which broke down 



at his first public ride. Then, at the annual corporate Christmas party, 

a group of naval engineers met experts from our aerospace division 

and started to discuss the accident. Plenty of issues not properly 

considered during design popped up. They went back to work, did the 

modifications, and it worked. I think we need these Christmas parties 

online. We have the right competences within our enterprise, but we 

are not good at finding them.”  

Social tools may support the discovery of people with the right 

expertise in the virtual organization, thus reducing the time needed to 

identify and allocate resources for a project. Moreover, they may help 

newcomers in exploiting the network of connections that distinguishes 

more experienced engineers, finding people with the right expertise 

inside and outside the company, i.e. “knowing who knows” [Groth, 04], 

as clearly explained by one of the project managers interviewed: 

“We have tested social software functionalities with some of our 

competence centres for internal questions. Instead of just talking to 

man next door, we can address someone who is faster and more 

acknowledgeable to answer them.” 

Social bookmarking, as a method to store, organize and share 

bookmarks of web, may enable global engineering teams to search and 

find experts on specific topics, or people with similar interests in the 

projects, based on informal browsing of bookmark collections. 

Research engineers from various organizations can share their research 

with peers and allow others to rate and review to decide on usefulness 

of resources. 

Nowadays it is quite common for companies to implement 

competence repositories, where to store information on the “knowledge 

owners” within the organization, such as the discipline they refer to or 

the project they have been working on. A major drawback is that such 

systems are increasingly difficult to populate and to keep up-to-date as 

time, as reported by one of our informants working in human resource 

management: 

 “We tried 4-5 times to create a competence database, (a formal 

template) where people were invited to describe their competences, the 

projects they have been working on, etc... They have been very hard to 

populate... People felt they were too structured, many fields didn't 

really matched... So we tried a new approach, letting people to freely 

describe and update their personal information themselves... What we 



see is that people are providing more information then before, and 

everything is very visible” 

Moreover, such databases mainly collect information about people 

working within the reference organization, thus are useless when 

looking for people in the Virtual Enterprise, such as experts in other 

companies or in academia. Web 2.0 tools might be used to create cross-

company “capability charts” to facilitate new design teams’ formation. 

People could be more easily searchable, their profiles would be more 

up-to-date, their network of connection would tell about their real 

interest and experience, and it would be possible to quickly get in touch 

with them and verify their availability in the beginning of a new 

project. The right match between people and projects will ultimately 

lead to better team chemistry, higher motivations and increased 

problem solving capabilities. 

9 Capturing the design intent and its rationale 

Web 2.0 tools offer the possibility to better capture the contextual 

information that traditional systems lack to record and communicate, 

like the reasons why a certain decision has been taken, by whom and 

under which conditions, and turning it into public for the benefits of the 

team. Design rationale management is another key area where the 

advantages of the lightweight and bottom-up paradigm are seen more 

clearly by the industrial partners: 

“People may have very personal ideas on how an engine mount or a 

boss should be designed. Being able to formalize this unstructured 

information would mean that very early other people could say “this is 

good” or “this is completely wrong”. We have a lot of views on how to 

do things, that means reinventing the wheel at every project… If we 

would be able to use social functionalities properly, the discussion 

could rise much earlier than it happens today and we could even keep 

track of the context in which information is generated.” 

The rationale for decisions taken in past projects is often lost or 

hidden in corporate databases that are not readily accessible by the 

design team once the project is closed. The arguments on which design 

decisions are based may become out-to-date, especially when the 

rationale comes from the later lifecycle stages and relates to the way 

the product is operated, serviced, maintained, dismissed or recycled.  



To cope with the problem of keeping the design intent up-to-date, 

Web 2.0 technology can turn design rationale capture in a more 

bottom-up activity, involving a larger stakeholders’ base in the 

codification of the argumentations for a certain design decision. Wikis 

may be used on the top of the existing project repositories to collect and 

give access to the underlying rationale regarding a solution even if the 

original documentation is secured. They also are seen as a good 

approach to cope with the lack of time for knowledge validation: 

“There are many lessons learned documents in the company, but it 

stops at that point of being documented and nobody having time to 

review it. Wikis are one way to have design practices and lessons 

learned better validated.” 

Wikis, with their asynchronous, bottom-up and informal nature, 

may facilitate experience sharing among the stakeholders, building an 

informal memory for the Virtual Enterprise.  

The use of Web 2.0 style tools to capture the design rationale has a 

deep impact on the decision-making activity for large, complex 

projects. In a stage-gate process [Cooper, 08], tools such as wikis are 

seen as a promising approach to speed up decision making at the gate: 

“A wiki system could support a more day-to-day process instead of 

waiting to a project gate before analyzing what information we have. A 

Wiki could help catching up all the potential lessons learned that 

support the gate passage and then co-ordinate the information more 

towards process improvement… Before a meeting, we could put in such 

a forum the most critical questions we want to discuss. If someone has 

the response before the meeting the discussion would rise even before 

the meeting starts.” 

Open authorship can leverage the way best practices or lessons 

learned are gathered from the different product life-cycle phases. 

Recommendations and context-based filtering may help to make a more 

efficient use of the design rationale maps, by supporting users in 

navigating their nodes and identifying the “golden nuggets” for a 

particular task. Tags may be used to cross-link map nodes in different 

domains and disciplines, while RSS feeds may aggregate and push real 

time updates to the engineers’ desktop. Eventually, context-based 

filtering may be used to control the access to the argumentation list, 

providing full access to a restricted group of people while excluding 

others  



10 Discussion 

The discussion with the industrial partners has outlined a number of 

issues from a methodological and technological perspective that need to 

be addressed before a wide adoption of Web 2.0 tools could be 

achieved. From a technological perspective, the availability of ad-hoc 

mash-ups coping with the specific engineers’ tasks and interests is 

needed. On the methodological end, the availability of robust 

guidelines, especially concerning security and privacy issues, is seen as 

a major enabler for scaling-up the approach.  

The active user participation is perceived as a major constraint. 

Incentive policies seem to be insufficient in a situation where engineers 

have to “do the job” and deliver within strict deadlines. Finding ways to 

further reduce the effort for knowledge formalization and exchange 

becomes an imperative, although it may not be enough in the long term. 

Even the lower threshold may be seen insurmountable if people cannot 

see the advantage of adopting the tools compared with traditional 

systems.  

Mass participation in bottom-up initiatives can be obtained only by 

increasing the benefit/effort ratio of approach, both from the engineers’ 

viewpoint as well as for all the other design stakeholders. This would 

mean: 1) providing customized knowledge at the right time, using other 

people’s feedback to filter the query results on the basis of their 

applicability and pushing information to the end users; 2) supporting 

engineers in finding the unexpected, locating expertise and knowledge 

sources in the organization and facilitating the serendipitous discovery 

of “unknown unknowns” [Modica, 94]; 3) helping decision makers in 

recognizing relevant patterns, e.g. improving information visualization 

and aggregating inputs from many sources via ad-hoc mash-ups. 

Knowledge validation is another critical aspect. Dealing with critical 

issues such as passenger security, it is more important to base decisions 

on verified knowledge rather then getting ideas, concepts and proposal 

from a wider base. Making the coffee room conversation public via 

blogs, forums etc. exposes to the risk of building a solution on 

knowledge that is not validated or tested, as outlined by one of our 

informants: 

“If you write down a design practice, it is validated and approved. If 

you write something in a blog, it is not approved, but it is quite obvious 

that you cannot use it as it is. But the wiki… if somebody writes: “you 



should design a mount like this”, someone else may decide to design it 

on the base of such information even if no one approves it. So, who is to 

blame? It is not a ranking system. Either you can design or you 

cannot.” 

As far as the solution is populated over time, noise, spam and 

duplicated information increase as well, leading to a situation where the 

system is no longer lightweight, but cumbersome to navigate and 

poorly retrievable. Many of the respondents have expressed major 

concerns about the quality of the information shared in such a bottom-

up fashion, since social applications tend to be dominated by the 

loudest and most persistent voices, exposing engineers to the risk of 

developing critical solutions growing from personal opinions and 

interpretations rather than facts.  

The leakage of proprietary knowledge is seen as a major threat 

while discussing Web 2.0 implementation in a cross-organizational 

setting. The possibility of letting the information flow in an open mode 

exposes the company to the risk of being drained of core know-how. 

Strict policies are advocated as the only means to regulate these flows, 

although it is not straightforward to understand how these could be 

established in practice. The lack of clear guidelines affects negatively 

users’ participation too. Without clear indications of what could or 

could not be shared, users tend to “play safe” and rely only on the 

traditional CAD/PDM/PLM solutions. 

11 Concluding remarks 

The paper has explored the application of Web 2.0 technologies to 

support product development efforts in a global, virtual and cross-

functional setting, analyzing the dichotomy between CAD/PLM/PDM 

systems and the Social Web under the light of the emerging product 

development trends. 

The literature review as well as the cross-company study have 

outlined an increasing interest towards Web 2.0 style technologies in 

product development, together with a general lack of understanding on 

how they could be implemented to support everyday engineering work, 

i.e. “socializing with a purpose”. The benefits of using social media to 

cope with the engineering tasks are not evident to most of the potential 

users. Today’s perception of the usefulness of mash-ups combining, for 

instance, blogs, tags and RSS feeds, is particularly low, even in Virtual 



Enterprise situations where the need for social functionalities might 

appear more evident at a first look. Moreover, Engineering 2.0 can 

have negative consequences on the preservation of company’s 

proprietary knowledge, e.g. pushing confidential information to 

unknown subscribers. Strict policies concerning dissemination of 

sensitive material are advocated as the only possible solution, although 

the risk of spoiling the approach of its innovative potential becomes 

higher. Many concerns about the quality and maturity of the 

information exchanged have also been raised. One of the major risk is 

to develop a knowledge sharing solution dominated by personal 

opinions and interpretations rather than verified facts. 

In spite of all these potential drawbacks, the opportunity of 

leveraging a more bottom-up and lightweight approach for knowledge 

sharing in the area of opportunities identification, cross-functional 

teams composition and design rationale capturing is widely seen. From 

a methodological perspective, it will be crucial in the future to 

investigate how the lightweight approach may increase design teams 

capabilities to prevent mistakes in design rather than correcting them. 

Engineering 2.0 should not merely support the design team in the 

classical “recognizing symptoms - implementing corrective actions” 

working mode, rather it should support designers in preventing 

mistakes, helping engineers in performing more effective root-cause 

analysis. At this purpose, an Engineering 2.0 demonstrator is under 

development to collect feedbacks on the use of lightweight and bottom-

up techniques in a cross-functional and cross-company design situation. 

The field study has also highlighted that the benefits associated to a 

more bottom-up and lightweight knowledge sharing approach are 

difficult to communicate in a product development context, mainly 

because methods and techniques cannot easily be related to dimensions 

relevant for the engineering teams. Currently under development is a 

categorization framework [Bertoni, 10] to benchmark Web 2.0 

applications, underlining similarities and differences in a meaningful 

way for engineers, and to qualitatively evaluate how technology mash-

ups could support the knowledge sharing activity in a cross-functional 

context. 
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