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ABSTRACT 
This paper analyzes the knowledge sharing process 
that characterizes Product Service Systems (PSS) 
design, drawing on data from an in-depth study in 
the Swedish manufacturing industry. It categorizes 
and describes the most relevant knowledge sharing 
barriers affecting early PSS development phases, 
discussing them in terms of capabilities to be 
included in a knowledge engineering system to fulfil 
the increasing need for knowledge in product-service 
design. To cope with these barriers, the authors 
introduce the concept of Engineering 2.0, which 
borrows the general Web 2.0 concept and translates 
it into engineering terms, going into the details of 
how functional product development may benefit 
from the possibility to integrate bottom-up and 
“lightweight” knowledge sharing techniques with 
traditional PLM/PDM/CAD solutions, and 
highlighting the most relevant challenges for the 
Engineering 2.0 research. 
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1. INTRODUCTION 
In a traditional manufacturing situation, companies 
deal with the development, production and sale 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. Nowadays, to cope with an increased 
market competition, companies have started to offer 
capabilities, rather than products, to increase profit 

opportunities [1], selling Product Service Systems 
(PSS) [2] [3] contracted on the characteristic to 
provide “functions per unit” instead of merely 
hardware. “Functional” means that products and 
services are merged together in a way they may bring 
added value to the customer (i.e. offering power-by-
the-hour or thrust-on-wings instead of selling a jet 
engine), allowing companies to decrease the 
competition in the aftermarket [4]. Hence, a long-
term commitment has to be established between the 
customer and the provider, while economies of scale 
can be gained by networking with other industrial 
partners in an Extended or Virtual Enterprise 
scenario [5][6]. 

The need to integrate hardware, software and 
services asks for increased capabilities to manage 
knowledge across different groups, departments and 
companies [7]. Designers are requested to 
increasingly work in highly cross-functional, cross-
disciplinary, enterprise-wide teams, and to develop 
closer relationships with customers and suppliers, 
making their knowledge available to a larger 
audience and to use knowledge from more sources 
than before, to better understand the desired 
“function” to be developed and to optimize its 
availability.  

Since crucial decisions have to be taken early in the 
development process of a functional product, the 
availability of high-quality and up-to-date knowledge 
becomes a crucial factor for the final product 
success. Identifying, formalizing, storing, accessing, 
sharing and using such heterogeneous assets becomes 
more complex than ever, much because the people 
involved in the design of PSS have different 
backgrounds, competencies and communicational 
skills.  
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2. MOTIVATION AND OBJECTIVES 
On the authors’ advice, traditional knowledge 
engineering solutions, centred on Computer Aided 
Design (CAD), Product Data Management (PDM), or 
Product Lifecycle Management (PLM) systems, do 
not adequately support knowledge identification 
codification and sharing under the PSS paradigm.  

The main purpose of this paper is to contribute to the 
development of more effective knowledge sharing 
methods and tools for product-service development. 
Focusing on those downstream knowledge assets that 
normally would not be considered until a design 
concept has already been selected, the objective of 
the work has been to identify and describe those 
barriers that prevent PSS design teams in reaching a 
full effectiveness in the way tangible and intangible 
knowledge assets are exchanged within and across 
functions and organizations. 

From such list of barriers, the paper derives and 
discusses a set of capabilities for a knowledge 
engineering system aiming to improve the 
‘knowledge baseline’ of PSS projects in their early 
stages. The paper finally introduces the concept of 
Engineering 2.0, as a means to fulfil such demand for 
capabilities, and exemplifies how Web 2.0-based 
technologies may address the knowledge sharing 
barriers previously identified.  

3. RESEARCH APPROACH 
This paper is based on an in-depth company study in 
the Swedish manufacturing industry. The starting 
position of this research is, therefore, in a real 
industrial case rather than in theory. A case study 
approach [8] and ethnographic methods [9] have 
been applied to gather data close to technology and 
product development activities in industry.  

Several multi-day 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. Semi-
structured interviews have been preferred at this 
stage because allow the respondents to talk without 
restraints, thus letting them to diverge and spotlight 
supplementary topics and areas. 

In the detailed data-gathering step, the authors have 
further explored the knowledge problems by means 
of in-situ observations, group interviews, in-depth 
interviews and the analysis of working documents.  

The interviews have been facilitated and moderated 
by the researchers to uncover topics that were not 
anticipated beforehand [10] and to build on the 
findings from previous studies.  

The data gathered have been formalized in a set of 
process models, depicting the knowledge flows and 
the interactions between the design stakeholders in 
the different PSS projects. These models have been 
further analyzed and collaboratively discussed with 
the key design process stakeholders to define the list 
of knowledge sharing barriers and to highlight the 
limitations of the currently in use knowledge 
engineering tools.  

The data gathered during the in-depth study have 
been complemented by observations from other 
industrial development projects related to products in 
various industry segments, ranging from the 
development of industrial drive systems, to aircraft 
engines and armoured terrain vehicles [11]. Also in 
these projects the discussion has evolved in close 
collaboration with industrial companies and 
accessing empirical cases.  

The data gathering activity has involved about 50 
people with knowledge on these projects, both from 
academia and from industry.  

4. KNOWLEDGE WORKERS IN THE 
FUNCTIONAL ORGANIZATION 

Product Service System design raises the knowledge 
sharing problem to a new level. In the new paradigm, 
in fact, design teams are increasingly requested to 
face not-well-defined problems, to move back and 
forth between problem solving and predictions, to 
nurture creativity and to encourage radical thinking.  

The decision to maintain, upgrade or radically re-
design a product has to be grounded on a different 
knowledge base than it was before, and knowledge 
elements of interest may be often found outside the 
traditional boundaries of the product development 
teams (i.e. knowledge about how customers use the 
products, or about best-practices in various 
application domains). The availability of such 
“downstream” lifecycle knowledge in an early phase 
is critical to realistically forecast future customer 
needs and to guide decision makers in prioritizing 
different scenario alternatives.  

Then, functional product development is typically 
carried out in networks of an Extended or Virtual 
Enterprise kind, where, in spite of the contractual 
obligations between the partners and of the 
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willingness to contribute in sharing [12], effective 
knowledge flows are very difficult to be established, 
mainly because people 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.  

In this context, the problem of understanding “what 
knowledge to share”, “how to share it” and “whom to 
share with” is even more challenging than in 
traditional product development. Engineers and 
designers are requested to become “knowledge 
workers” and “knowledge brokers”, interacting with 
several product stakeholders at a time, in spite of 
different organizations, department and functions 
[11]. 

For example, the development and production of an 
aircraft engine requires many organizations, 
customers, suppliers, research centers 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 a dynamic, 
multi-cultural, and highly unpredictable environment, 
using a diverse set of IT systems [13]. During the 
design and production stages, these virtual 
engineering teams need to collaborate consistently to 
share design information, know-how, and 
stakeholder feedback. In the traditional way, the 
virtual engineering teams usually capture and store 
all the design information and knowledge in 
databases where all the pieces are categorized 
according to a predefined and top-down 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, to aggregate knowledge flows in the 
organization, to search and retrieve quality 
information, and to 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 [14]. 

5. KNOWLEDGE SHARING BARRIERS 
IN FPD 

Drawing mainly on the data gathered from the in-
depth case study, the aim of this section is to outline 
those  “individual” and sometime “subjective” 
barriers - here listed in alphabetical order - that 
inhibit the effective flow of knowledge across the 
organization in the early PSS development phases. 

The theoretical basis for the definition of such a 
framework is found on previous works dealing with 
knowledge sharing inhibitors in traditional product 
development settings [15-19]. Here the focus is on 
those dimensions found to be more crucial under a 
product-service development perspective in the 
company investigated, They are also intended as the 
ones that best outline the limitations of traditional 
knowledge sharing tools in product-service design. 

5.1. Acceptability and self-censorship  
In PSS design, diversity of opinion and lack of 
consensus may represent important drivers for 
innovation, rather then obstacles towards the 
achievement of the design targets. Harnessing the 
intelligence of people not “officially” in the team, not 
“supposed” to have an opinion and not “familiar” 
with product development, can release unexpected 
forces and synergies [20] and may ultimately suggest 
radical and unexpected designs, able to greatly 
increase the customers’ perceived value [21]. 

Acceptability and self-censorship have a deep impact 
on the way tacit knowledge is captured and shared, as 
already observed in many traditional product 
development situations, e.g. in the establishment of 
effective Communities of Practice [22].  

In PSS, where cross-functional teams rarely even 
share a common ground, lexicon and objectives, this 
barrier is even more evident. The case study has 
shown that moving out of the traditional 
organizational pillars is often perceived as a non-
acceptable behaviour, meaning that people are 
usually reluctant to exit their comfort zone and to 
exchange what they know with other actors through 
the value chain. 

Most of the designers interviewed, especially the less 
experienced engineers, often consider the 
information they possess not being important or 
completely accurate from a product-service 
development viewpoint. Similarly, the acceptability 
barrier has been found to inhibit communication and 
collaboration among those product stakeholders, such 
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as customers, end users or managers, who possess 
knowledge regarding the later product lifecycle 
stages.  

People outside the traditional design team boundaries 
tend to consider their knowledge too specific or too 
well known, and lack of understanding how their 
contribution may be beneficial to others. This 
ultimately boosts self-censorship behaviours, 
suggesting not to actively contribute to the sharing 
activity. In such a situation, important knowledge 
assets risk to remain hidden within a function, 
pushing engineers to take decisions based on not-
enough information. 

5.2. Commitment and reward 
The lack of commitment in the PSS project has been 
found as a major inhibitor for effective knowledge 
sharing. The fear of being part of a cross-functional 
effort, where competencies are mixed and 
responsibilities are not well clarified is seen by 
several of the informants as a major barrier for the 
effective participation of the team members, 
impacting the way knowledge is exchanged across 
the functions. One of our informants has outlined 
that:  

“…people in the team has strong attachment to their 
home port and have a hard time to loosen up this 
attachment…”. 

Several project responsibles interviewed claim that a 
significant number of engineers and designers tend to 
consider important only what concern their specific 
domain of expertise, not feeling the responsibility of 
the overall results of a project. As a consequence, the 
team may lack of exploring the problem space in all 
its dimensions, e.g. not considering in the concept 
design phase all those variables that characterize a 
real world implementation, leading to the generation 
of sub-optimized alternatives. 

Moreover, the analysis has shown that the 
commitment barrier has usually a little to do with the 
fear of not receiving the right recognition and 
accreditation from managers and colleagues, as 
pointed out by Riege [24], as well as with the 
unintentional reward for hoarding [25].   

5.3. Resignation 
In a design situation characterized by wicked design 
problems [26], with no clear directions to follow and 
no specific answers to be found, engineers need to 
keep themselves exposed to many diverse sources of 

information, which makes difficult to sort out what is 
relevant and what is not in a particular design 
situation. The term resignation aims, therefore, to 
describe the attitude of “giving up” when searching 
for relevant knowledge outside the designer’s line of 
sight.  

The observations have revealed that most of the 
information potentially useful for the design of the 
new product-service offer is typically stored in 
sectorial databases not accessible outside a specific 
department, function or company. Looking for 
specific knowledge elements outside the engineering 
boundaries, the search may end in plenty of generic 
inputs, which require additional time for verification. 
Sometimes it also lead to situations where the search 
into the “traditional” knowledge management 
systems, PLM, PDM or CAx, ends in plenty of 
specific answers, unable to provide useful stimuli for 
the early PSS design process phases, requiring 
further interpretation and abstraction. As a 
consequence, designers tend to base their decisions 
more on gut feelings and tacit knowledge rather than 
spending additional time searching for knowledge in 
the existing repositories. 

The problem of codifying knowledge in a way that 
could be easily reused over time, in different PSS 
projects, has been often discussed in the interviews. 
Several informants have indicated the lack of 
contextual information about the documentation 
retrieved as a main factor boosting the resignation 
barrier. This lack of context is seen as something 
undesirable but inevitable, which makes difficult to 
communicate knowledge across the functional 
boundaries and easily reuse it in other projects, since 
the elements contained in the different repositories, , 
may be almost impossible to interpret without a 
specific background. Ultimately, it may lead to an 
under utilization of the existing knowledge assets, 
spoiling the product-service development activity of 
much of its innovation potential. 

5.4. Time loss 
In traditional product development, more than one-
third [27] of the time is spent waiting for decision or 
information, a figure likely to be higher in PSS 
design, due to the higher degree of uncertainty. Being 
able to find the right information in the shortest 
possible time is therefore crucial to reduce the design 
process lead-time.  

The data gathered from the case study confirm that 
the time dimension plays a central role in the way 
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product-service offers are developed, showing that 
the problem is further complicated by the closer 
interaction with the other company functions and 
with the product stakeholders along the all life cycle. 

The possibility of reducing the time needed to locate 
the “right” knowledge for a specific project context is 
perceived as a major problem dealing with hardware 
and service aspects. The wicked design problem 
space, in fact, requires additional time for the 
identification, access and interpretation of relevant 
pieces of information, making more time consuming 
to gather all the knowledge needed to clarify the 
problem space in a reasonable amount of time. Such 
inputs has to be found in many different parts of the 
virtual organization, i.e in different teams, functions 
or companies.  

Hence, to manage such an overwhelming amount of 
information, plenty of time is spent just to access all 
the different knowledge sources and to browse 
through the knowledge elements. Engineers, 
however, still have to “do the job” and such a loss of 
time is perceived as a main inhibitor, asking for more 
effective means to identify, formalize and share 
knowledge without stealing too much time from their 
everyday tasks. As a consequence, people tend to 
avoid “wasting time” in activities that do not seem to 
provide benefits in the short term, taking decisions 
more on the basis of assumptions rather than on 
documented knowledge. 

5.5. Awareness 
In product development, engineers seek novelty and 
innovation, not redundancy. This is particularly 
evident in product-service design, where the search 
for breakthrough solutions, able to cope with the 
“fuzzy” and “wicked” design problems, suggests to 
move beyond known-item searches, fact retrieval and 
question answering, i.e. to perform investigative 
activities able to bring new stimuli and ideas to come 
out with breakthrough concepts. 

The case study has shown that a major problem 
dealing with PSS design relates to awareness, i.e. 
with the problem of being aware of where relevant 
stimuli for the design activity are likely to be found, 
locating the knowledge assets outside engineer’s 
main domain of expertise.  

The analysis has outlined several dimensions dealing 
with awareness.  

First, the barrier has a spatial dimension, i.e. people 
are typically not aware of what other people outside 

their reference domain or outside their function do or 
know, as well as of people that have knowledge that 
can influence their own decisions (“knowing who 
knows” [11]). 

Second, awareness has a temporal meaning, i.e. 
engineers and designers may not be aware of what is 
going outside their reference group at a given point 
of time, lacking of up-to-date information regarding 
current activities in other projects or functions. 

Third, in the design of complex systems, product 
stakeholders might not be aware of people and 
processes that may be affected by the decisions they 
take. In this sense, optimizing certain sub-system 
features may be counterproductive from a system 
perspective, reducing the overall performances. 

Fourth, the awareness barrier is also related to the 
low realisation of the value and benefit of possessed 
knowledge to others [24], i.e. “knowing who should 
know”, pushing information to the people who might 
be potentially interested in it. 

5.6. Language and models 
In PSS design, engineers need to keep themselves 
exposed to as many diverse sources as possible, and 
participate in groups that range across hierarchies [3]. 
Moreover, the development of a product-service 
offer raises the language barrier to a new level, 
because of an effective communication with the 
customers is crucial to understand the desired 
function to be developed.  

The lack of a commonly understood language, as 
well as the lack of a shared format to communicate 
information and knowledge between the product 
stakeholders is perceptible in the case study 
investigated. The analysis shows, in fact, that the 
different functions involved in a PSS project tend to 
express what they know by using means that, 
although coping with the specific task characteristics, 
are undecipherable in other contexts. Most of the 
stakeholders tend to keep using their own form of 
expression, making difficult to communicate the real 
meaning of the information exchanged across the 
boundaries of their discipline.  

Communication issues, however, are not only 
concerned with language. They also refer to the 
problem of providing a common understanding on 
the data shared, since contextual information 
regarding the knowledge stored in the different parts 
of the organization is typically missing. Similarly to 
what described by Grudin [28], databases and 



 

6  Marco Bertoni, Andreas C. Larsson  
 

 

repositories containing most of the structured content 
produced in previous projects have been found to be 
almost undecipherable for those team members with 
poor connections with the project, as well as difficult 
to interpret for those who joined the project in a later 
phase and even for the original project members after 
some time had passed. 

5.7. Trust  
Knowledge-sharing activities are characterized by the 
fear of exploitation [15], which “starts with the 
premise that I will only share my knowledge with 
you if I think you can give me something in return” 
[29]. A feeling of trust is therefore an important pre-
requisite for a successful knowledge sharing activity 
[30], both for what concerns the relationship between 
the design teams members as well as between the 
provider and the customers. 

The authors have observed that, in a cross-functional 
design situation, trust building among the team 
members is even more difficult than in a traditional 
product development situation. The design team, in 
fact, manages knowledge elements so heterogeneous 
to raise frequent questions about their quality and 
consistency, and even the project responsible, 
sometime, does not have broad enough knowledge to 
assess the reliability of all the information exchanged 
in the project. Hence the team tend to play safe with 
the concepts it cannot fully understand, missing the 
opportunity of further develop radical designs. 

The case study has also shown that customer 
involvement tends to be confined to those process 
phases where the risk of knowledge leakage is 
considered minor, typically in the pre-design and in 
the testing phase. A closer involvement is often seen 
as a “loss-loss” situation, where the provider is 
scared to be drained on knowledge for the advantage 
of the competitors, while the customer are reluctant 
to give access to their core know how, because it 
might be used, in the future, to develop solutions 
competitors will benefit from. 

The companies, and even the individuals, must 
therefore trust that the counterpart will use the 
knowledge in an appropriate manner. Building 
mutual trust between the parties, even at a personal 
level, is essential for the final success of the 
agreement [31], since a lack of trust may result in an 
ineffective decision-making process, based on not-
enough information. 

6. DISCUSSION 
The barriers above describe a set of issues that need 
to be addressed to better cope with the increasing 
demand of knowledge that characterize PSS design. 
In this section, the authors aim to discuss these 
barriers in terms of capabilities complementing PLM, 
PDM, CAD and KBE solutions in a way they could 
further enhance collaboration and sharing of both 
formal and informal knowledge, and to increase the 
effectiveness of knowledge flows, between cross-
functional teams. 

6.1.  Acceptability and Self-censorship 
Within a heterogeneous design team, knowledge 
sharing performance gains might be achieved when 
social identification is strong, as proven by the fact 
that in many successful design projects, people 
already know each other from past projects [22]. 
Satisfying social interactions and experiences with 
other members of the team, as well as the 
development a common social identity [33], may 
have a significant impact on the willingness to 
contribute to the knowledge sharing activity.  

Traditional knowledge engineering tools perform 
poorly in this respect, in spite of recent initiatives 
aiming to introduce the social-related functionalities 
in PLM solutions [34] Hence, enhanced social 
connectedness functionalities [35] are interesting to 
be explored to encourage individuals, regardless of 
their level of functional similarity, to perform more 
effectively as team members [36].  

Moreover, traditional top-down knowledge 
engineering solutions tend to impose the “language 
of the engineer” to the “extended” design team. This 
can be pretty intimidating for people who do not 
master engineering-related disciplines. Therefore the 
acceptability barrier might also be reduced by using a 
communication means that make sense for people, 
not forcing product-service stakeholders in using 
formalizations not in their domain of usage. 

6.2. Commitment and rewards  
As outlined by many authors [37-40] the introduction 
of a reward system or incentive policies neither have 
an effect on the corporate culture, nor enhance long 
term knowledge sharing. Although a formal reward 
system has proven to be beneficial in the short term 
to overcome commitment problems [41], the use of 
encouragement, stimulation or incentives is 
inadequate in hostile environment [42], suggesting 
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that any kind of rewards evaporate quickly and do 
not increase motivation for knowledge sharing.  

Moving from what described by Ardichvili [22], who 
observed that people who are reluctant to contribute 
when asked to write something for a database are 
normally willing to share information when asked 
informally by other colleagues, the authors also 
found that the social side of design plays an 
important role in the way people perceive incentives 
and rewards. The case study has revealed that a 
proactive knowledge sharing behaviour is usually 
triggered and nurtured by satisfying social interaction 
between team members. In such a situation sharing 
knowledge was seen more as an opportunity for 
growing and learning, a sort of win-win situation, 
rather than an extra burden on everyday working 
tasks. 

In a broad sense, the possibility to “judge” and to “be 
judged” by people with similar interests, and that 
possess similar knowledge, provides additional 
motivation to engineers and designers to actively 
participate to the sharing activity. In a Virtual 
Enterprise setting, however, satisfying social 
interactions are difficult to create and maintain. 
Traditional knowledge engineering systems lack of 
means to build discussion threads, to comment and to 
provide feedbacks, thus limiting the opportunity for 
learning and giving the users the perception that 
knowledge sharing is something imposed from the 
top and contrast with their priorities. A more bottom-
up approach may potentially facilitate the knowledge 
sharing activity, raising people’s commitment and 
motivating product stakeholders in directly 
contributing to the common knowledge baseline. 

6.3. Resignation 
The case study has outlined three main factors that 
may potentially lower the resignation barrier. 

First, enhanced filtering capabilities, e.g. providing 
means to assess the applicability of the knowledge 
retrieved, may help engineers to more intuitively find 
what might be be beneficial for them in a given 
design situation. Looking at traditional knowledge 
engineering tools, very few means are given to filter 
the knowledge assets on the basis of the current user 
profile, need and task. Context-based applications 
[44] for the in-context delivery of knowledge are, 
therefore, interesting to be explored to cope with the 
problem of providing applicable knowledge to 
engineers and designers to support the decision-
making activity in an early stage. 

Second, the identification of relevant stimuli is also 
dependant by the level to which knowledge elements 
are linked one each other, thus by the possibility to 
quickly browse and find connections between a wide 
variety of topics that makes sense to others. Hence, 
the knowledge sharing applications should facilitate 
the serendipitous discovery [11] of knowledge, i.e. 
the capability to stumble upon’ relevant inputs for the 
design activity, such as knowledge that has been 
accumulated in previous projects or that relates to 
other domains and disciplines. Providing a means to 
find something unexpected, out of the usual paths, 
but related with the ongoing design activity, may 
stimulate creativity, innovative thinking and inspire 
radical designs. 

Third, more focus should be given to the 
identification of the knowledge owners, i.e. 
facilitating the identification of those people who 
may tell why a model looks exactly what it is, why a 
certain decision has been taken and under which 
conditions, in order to make easier to gather those 
contextual information that traditional systems lack 
to record and communicate. 

6.4. Time Loss.  
Aggregation is a key factor when discussing the 
possibility to reduce the loss of time dealing with 
information and knowledge retrieval. By aggregating 
several knowledge elements at a time, i.e. gathering 
different inputs and updates on the same screen/page, 
it might be possible to reduce the time needed to 
browse heterogeneous knowledge sources, without 
being overwhelmed by unnecessary details.  

Such an approach may also increase the capability to 
find innovative solution, stimulating cross-
fertilization through association of knowledge 
elements that are different in nature. 

6.5. Awareness  
Similarly as what discussed regarding acceptability 
and resignation, the awareness barrier may also be 
mitigated by focusing more on the social side of 
design, helping designers in increasing their social 
ties as a means to find people “who knows” and 
people “who may help” with a specific problem. 

The implementation of social-related functionalities 
may enhance the capability of the team members to 
locate where knowledge assets are more likely to be 
found and to discover contributors also outside the 
usual network of connections.  
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To make an example, the level of awareness of more 
experienced designers is significantly higher than 
newcomers, mainly because they can count on a 
wider network of connections developed throughout 
their entire career. Providing means to help younger 
engineers to access such connections may potentially 
leverage their level of awareness, finding design 
stakeholders who have similar knowledge and share 
the same interests to solve complicated tasks.  

6.6. Language and models  
The nature of a PSS project asks for a knowledge 
sharing approach (methods and tools) that can be 
accessed, used and understood by all the players. In a 
functional context, moreover, ideas on how to realize 
a certain function/product/service originate from 
different (and sometimes unexpected) areas of the 
organization.  

Imposing a too rigid structure for knowledge 
codification, e.g. domain-specific templates, models 
or standards, may inhibit participants willingness to 
contribute to the knowledge base. Here comes the 
idea of adopting “lightweight” approach for 
knowledge codification and sharing, i.e. more 
intuitive and visual means for sharing information 
and knowledge across the boundaries. Lightweight in 
this context refers to methods and tools that can be 
learned and used by all the potential PSS 
stakeholders with low effort, and that are low time 
and resource consuming to install, populate and 
maintain. 

Moreover, not all the knowledge can be captured by 
product models alone, especially for what concerns 
service-related aspects. While in traditional 
mechanical engineering product models aim to 
contain all the knowledge related to the product, 
dealing with combinations of hardware, software and 
services different means have to be found to 
communicate what the product has to do, and the 
knowledge engineering solution should be able to 
incorporate all these different expression into a 
coherent whole.  

6.7. Trust 
Among the design team members, trust may have 
different meanings, such as calculus-based, 
knowledge-based and identification-based trust [45]. 
Our investigation has basically confirmed what 
observed by Ardichvili [22]. In PSS design, in fact, 
knowledge-based trust, based on recurring social 

interactions between trustier and trustee, is more 
effective than other types of trust.  

In the case study people have shown to share and 
trust knowledge more easily if asked by members of 
their earlier established network. Personalization 
instead of codification [46] is therefore interesting to 
be further developed in this context. Codification 
means that the knowledge is extracted from the 
people and stored in a database that can be accessed 
by anyone. Personalization implies that knowledge is 
shared via person-to-person interaction, meetings or 
one-to-one conversations. Here again, social 
connectedness is an important aspect to raise the 
level of trust of the information exchanged. It is 
mostly in informal networks that people trust each 
other, voluntarily share knowledge and insights with 
each other, and collaborate actively and willingly 
[24].  

From a technological perspective, both the quality 
and bi-directionality (function-to-function) of the 
knowledge exchange are important. They both are 
crucial factors to build interpersonal trust between 
the participants from the different organizational 
functions. However, traditional knowledge 
engineering tools poorly support bi-directionality 
[47] and complementary approaches have to be 
explored in order to cope with the trust barrier in 
design. 

7. ENGINEERING 2.0 FOR FUNCTIONAL 
PRODUCT DESIGN 

Moving from McAfee’s [48] concept of Enterprise 
2.0, the authors have coined the term “Engineering 
2.0” [11], which borrows the more general Web 2.0 
concept and translates it into an engineering context 
characterized by globally distributed cross-functional 
engineering teams. Engineering 2.0 focuses on the 
social aspects of design, where the end users add 
value to the development process around products 
and services. Such an approach for knowledge 
engineering is built on two basic concepts: 
lightweightiness and bottom-up knowledge sharing 
Lightweight because the purpose is to develop and 
implement methods and tools for knowledge sharing 
that require little time and effort to set up, use and 
maintain. Bottom-up because the approach proposed 
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. 
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Weblogs, wikis, social networks, RSS feeds, tagging, 
microblogs, instant messaging, discussion forums, 
social bookmarking, and mashups are few examples 
of Engineering 2.0 technologies. 

Weblogs, for instance, might be used as a platform 
for early feedback from external stakeholders and 
employees, allowing them to engage in low effort 
and low time-consuming discussions on product and 
service offerings. On one hand, new ideas and 
findings on innovation projects can be presented to a 
larger audience as an entry in the weblog, in a form 
easily understandable by the different product 
stakeholders. On the other hand, customers, users and 
managers may easily comment and express their 
opinions in a very informal mode, thus potentially 
lowering the acceptability barrier. Weblogs may also 
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. Indirectly, comments and feedbacks may 
give indication on the applicability of knowledge 
elements to a certain context, helping in mitigating 
the resignation barrier.  

From a PSS perspective, wikis might be used as a 
space to collaboratively grow ideas for future 
products and to define and refine best practices from 
the different life cycle phases. Their asynchronous, 
bottom-up and informal approach [49] may lower the 
acceptability barrier and facilitate idea and 
experience sharing among the stakeholders, building 
a sort of informal corporate memory, where 
knowledge on customer use, requirements, 
maintenance demands and know-how are collected 
and managed. Both weblogs and wikis may facilitate 
person-to-person interaction and one-to-one 
conversations, potentially increasing social 
connectedness and consequently trust among the 
dispersed team members. 

Social networking may support newcomers in 
exploiting the network of connections that typically 
distinguish more experienced engineers and in 
fostering collaboration among staff and external 
stakeholders. It may also leverage acceptability and 
commitment, increasing social identification, 
meanwhile raising the feeling of trust among the 
knowledge sharing parties. 

RSS feeds, can help employees in the Virtual 
Enterprise in getting the right information at the right 
time in the right place, creating RSS pages to 
accumulate all updates from various databases that 
are specifically customized for the employees’ needs. 

This not only can reduce email overload [50] and 
save time by speeding up the dissemination of 
information, but can also help in increasing people 
awareness on what is currently going on in the 
different parts of the virtual organization.  

Using tagging practices, PSS engineering teams can 
organize their content or documents in the most 
comfortable way for them, such as per customers, 
competitors, projects, product types, maintenance 
and service offerings. This could help mitigating the 
self-censorship barrier, not forcing stakeholders 
categorizing what they know in a way they do not 
fully understand and agree. Additionally, tagging 
practices may possibly raise the awareness on 
knowledge elements from different sources tagged in 
the same way, which may facilitate the serendipitous 
discovery of relevant content in heterogeneous 
databases. 

Social bookmarking may enable global engineering 
teams to find experts or people with similar interests 
on specific product related topics, based on informal 
browsing of bookmark collections, enabling them to 
group as a team. Engineers from various 
organizations can also share their findings with peers 
that allow others to rate and review, to decide on 
usefulness of resources, impacting on the resignation, 
awareness and trust barrier. 

8. CONCLUSIONS AND OPEN ISSUES 
The focus of the ongoing research is on the 
conceptual design phase of a Product Service 
Systems design. The main purpose is to understand 
how knowledge engineering methods and tools may 
support heterogeneous design teams in eliciting, 
storing and communicating knowledge elements in a 
cohesive way across functions and across companies, 
to support decision-making activities in PSS early 
design stages. 

In line with this aim, mainly drawing on data from an 
in-depth study in the Swedish manufacturing 
industry, the paper has categorized and described the 
most relevant knowledge sharing barriers affecting 
the early PSS development phases. The barriers 
identified have been then discussed in terms of 
capabilities for a knowledge engineering system 
aiming to cope with the increasing need for 
knowledge that characterize the new paradigm. 

To cope with these barriers, the authors have 
introduced the concept of Engineering 2.0, which 
brings the general Web 2.0 concept into the 
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engineering domain. The analysis of the barriers 
presented in the paper have outlined, in fact, that a 
more bottom-up and “lightweight” approach in 
knowledge sharing has a serious potential when it 
comes to effectively sharing knowledge between 
actors partaking in product development across 
company functions. A more collaborative and user-
centred approach in knowledge codification and 
exchange may facilitate the circulation of knowledge, 
which, following a more rigorous approach would be 
very difficult to identify, store and share in a cross-
company environment.  

It has to be noted that the barriers outlined in this 
paper, although the most relevant in the specific case 
study conducted, are not the only ones impacting on 
the effective sharing of knowledge in cross-
functional teams. Other barriers, e.g. related to 
culture, conflict avoidance and loss of power, have 
also been identified. However, these barriers have 
been considered less critical, (and less typical) 
dealing with a product-service design situation. 

The Engineering 2.0 approach is not intended to 
replace CAD/PDM/PLM systems, rather to propose a 
new way to deal with new problems that are not 
likely to be adequately addressed by traditional 
systems alone.  

How, using this new approach, knowledge elements 
can be elicited, turning them from tacit to explicit, 
how they can be aggregated and managed along the 
lifecycle and how their relevancy can be assessed, are 
questions still to be fully answered, but crucial to 
verify the applicability of the Engineering 2.0 idea. 
At this purpose, an Engineering 2.0 demonstrator is 
going to be developed and implemented in a real 
industrial situation, complementing traditional 
knowledge engineering solutions, to collect 
feedbacks on the use of lightweight and bottom-up 
techniques in a cross-functional and cross-company 
design situations.  

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. The idea is, in fact, that they should not merely 
support the team in the classical “recognizing 
symptoms - implementing corrective actions” mode. 
Backtracking the causes for a failure is just one part 
of the job. They should support designers in 
preventing mistakes, helping engineers in performing 
more effective root-cause analysis. 

ACKNOWLEDGMENTS 

The research is supported by VINNOVA (Swedish 
Agency for Innovation Systems), through the FASTE 
Laboratory at Luleå University of Technology. 

REFERENCES 
[1] Oliva R. and Kallenberg, R., (2003) “Managing the 

transition from product to services”, International 
Journal of Service Industry Management, Vol. 14, 
pp. 160-172. 

[2] Mont, O., (2002), “Clarifying the concept of product-
service system”, Journal of Cleaner Production, Vol. 
10, pp. 237-245. 

[3] Matzen, D., Tan, A.R. and Andreasen, M.M., (2005), 
“Product/Service-Systems: Proposal for models and 
terminology”; Proceedings of 16th Symposium DfX, 
Neukirchen Germany. 

[4] Baines, T.S. Lightfoot, H.W, Evans, S. et al., (2007), 
“State-of-the-art in Product-Service systems”, 
Journal of Engineering Manufacture, Vol. 211, pp. 
1543-1552. 

[5] Davidow, WH. and Malone, MS., (1992) “The 
Virtual Corporation: Structuring and Revitalizing the 
Corporation for the 21st Century”, Harper Business. 

[6] Hardwick, M. and Bolton, R., (1997), “The Industrial 
Virtual Enterprise”, Communications of the ACM. 
Vol. 40, No. 9.  

[7] Nergård, H., Ericson, Å., Bergström, M., Sandberg, 
S., Larsson, T., Törlind, P., (2006), “Functional 
product development: discussing knowledge enabling 
technologies”, Proceedings of 9th International 
Design Conference, Dubrovnik, Croatia, pp. 587-
593. 

[8] Yin, R. K. (1994), “Case study research: Design and 
methods - 2nd edition”, Sage, Thousand Oaks. 

[9] Blomberg, J., Giacomi, J., Mosher, A. and Swenton-
Wall, P., (1993) “Ethnographic Field Methods and 
their Relation to Design, in Schuler, D. and Namioka, 
A. (Eds.) Participatory Design: Principles and 
Practices, Hillsdale, NJ: Lawrence Erlbaum, pp. 123-
155. 

[10] Fontana, A. and Frey, J.H., (1994). “Interviewing: 
The Art of Science”, in Denzin, N.K. and Lincoln, 
Y.S. (Eds.) Handbook of Qualitative Research, Sage, 
Thousand Oaks, CA, pp. 361-376. 

[11] Larsson, A., Ericson, Å., Larsson, T. and Randall, D. 
(2008), “Engineering 2.0: exploring lightweight 
technologies for the Virtual Enterprise”; Proceedings 
of International Conference on the Design of 



 

COPING WITH THE KNOWLEDGE SHARING BARRIERS IN PRODUCT SERVICE SYSTEMS 
DESIGN 

 11 

 

Cooperative Systems, COOP’08, Carry-le-Rouet, 
France. 

[12] McLure M. and Faraj S. (2000), “It is what one does: 
why people participate and help others in electronic 
communities of practice”, Journal of Strategic 
Information Systems, 2000, Vol. 9, Is. 2-3, pp. 
155‐173. 

[13] Binder, M. and Clegg, B., (2007), “Enterprise 
Management: A new frontier for organizations”, 
International journal of Production Economics, 
Vol.2, pp. 409-430. 

[14] Lewkowicz, M., Wijnhoven, F. and Draghici, A., 
(2008), “Misunderstandings in Global Virtual 
Engineering Teams: Definitions, Causes and 
Guidelines for Knowledge Sharing and Interaction, 
Methods & tools for effective knowledge life-cycle 
management”, pp. 145-157, Springer-Verlag Berlin. 

[15] Barson R., Foster G., Struck T., Ratchev S., Pawar 
K., Weber F. and Wunram M. (2000), “Inter-and 
Intra-Organizational Barriers to Sharing Knowledge 
in the Extended Supply-Chain”, in E-business-Key 
Issues, Applications, Technologies, pp. 367-373. 

[16] Yih-Tong Sun, P. and Scott, J.L., (2005), “An 
investigation of barriers to knowledge transfer”, 
Journal of Knowledge Management, Vol. 9, Is. 2, pp. 
75-90.  

[17] DeSouza, K. (2003), “Barriers to effective use of 
knowledge management systems in software 
engineering”, Communications of the ACM, Vol. 46, 
Is. 1, pp. 99–101.  

[18] Pardo del Val, M. and Fuentes, C.M. (2003), 
“Resistance to change: a literature review and 
empirical study”, Management Decision, Vol. 41, Is. 
2, pp. 148-55. 

[19] Szulanski, G. (1996), “Exploring internal stickiness: 
Impediments to the transfer of best practice with the 
firm”, Strategic Management Journal, Vol. 17, pp. 
27-43.  

[20] van Halen, C, Vezzoli, C, Wimmer, R., (2005), 
“Methodology for product service innovation. How 
to implement clean, clever and competitive strategies 
in European industries”, Uitgeverij Van Gorcum, 
Assen. 

[21] Lovelace, K., Shapiro, D.L. and Weingart, L.R.,  
(2001), “Maximizing Cross-Functional New Product 
Teams' Innovativeness and Constraint Adherence: A 
Conflict Communications Perspective”, The 
Academy of Management Journal, Vol. 44, No. 4, 
pp. 779-793. 

[22] Ardichvili A., Page V. and Wentling T., (2002), 
“Motivation and Barriers to Participation in Virtual 

Knowledge-sharing Communities of Practice”; 
Proceedings of the OKLO Conference, Athens.  

[23] Disterer G., (2001) “Individual and Social Barriers to 
Knowledge Transfer”, Proceedings of the 34th 
Annual Hawaii International Conference on System 
Sciences, HICSS’01, IEEE Press, Los Alamitos. 

[24] Riege, A. (2005), “Three-dozen knowledge-sharing 
barriers managers must conside”, Journal of 
Knowledge Management, Vol. 9, Is. 3, pp. 18-35.  

[25] Tiwana, A. (1999), “Knowledge-Management 
Toolkit”, Prentice-Hall, Englewood-Cliffs. 

[26] Buchanan, R., (1992), “Wicked problems in design 
thinking”, Design Issues, Vol. 8, Is. 2,  pp. 5–21. 

[27] Holman, R., Kaas, H., Keeling, D., (2003), “The 
future of product development”, McKinsey quarterly, 
Vol. 3, pp. 28-39.  

[28] Grudin, J., (2006), “Enterprise knowledge 
management and emerging technologies”, 
Proceedings of the 39th Annual Hawaii International 
Conference on System Sciences, HICSS’06, 
Washington DC, pp. 57-66. 

[29] Lucas, E. (2000), “Created a give and take culture”, 
Professional Manager, Vol. 9, Is. 3, pp.11-13. 

[30] Tschannen‐Moran, M. and Hoy, W.K. (2000), “A 
multidisciplinary analysis of the nature, meaning, and 
measurement of trust”, Review of Educational 
Research, Vol. 70, Is. 4, pp. 547‐93. 

[31] Parker, G. (2003) Cross Functional Teams: Working 
with Allies, Enemies and Other Strangers, John 
Wiley & Sons, Inc., San Francisco. 

[32] Polanyi, M., (1966),  “The Tacit Dimension”, Anchor 
Day Books, New York.  

[33] Gebert, D., Boerner, S. and Kearney, E. (2006) 
“Cross-functionality and innovation in new product 
development teams: A dilemmatic structure and its 
consequences for the management of diversity”, 
European Journal of Work and Organizational 
Psychology, Vol. 15, pp. 431-458. 

[34] Hill, S. (2009), “PLM 2.0: Developer of SharePoint-
based application promises Social Product 
Development”. Manufacturing Business Technology 
website editorial, Accessed September 22, 2009. 

[35] Larsson, A. (2005), “Engineering Know-Who: Why 
Social Connectedness Matters to Global Design 
Teams”, Doctoral Thesis, Luleå University of 
Technology, Sweden. 

[36] Randel, A.E. and Jaussi, K.S., (2003) “Functional 
Background Identity, Diversity, and Individual 
Performance in Cross-Functional Teams”, The 
Academy of Management Journal, Vol. 46, No. 6, 
pp. 763-774. 



 

12  Marco Bertoni, Andreas C. Larsson  
 

 

[37] O'Dell, C. and Grayson, C.J.,  (1998), “If only we 
knew what we know: identification and transfer of 
internal best practices”, California Management 
Review, Vol. 40, Is. 3, pp. 154‐74. 

[38] Ellis, K. (2001), “Dare to share”, Training, February 
pp. 74‐80. 

[39] Finerty, T. (1997), “Knowledge – the global currency 
of the 21st century”, Knowledge Management, Vol. 
1, pp. 20‐26. 

[40] McDermott, R. (1999), “Why information 
technology inspired but cannot deliver knowledge 
management”, California Management Review, Vol. 
41, Is. 4, pp. 103‐17. 

[41] Master, M., (1999), “Making it work”, Across the 
Board, Vol. 36, Is. 8, pp. 21‐24. 

[42] Michailova, S. and Husted, K. (2003), 
“Knowledge‐sharing hostility in Russian firms”, 
California Management Review, Vol. 45, Is.3, pp. 
59‐77. 

[43] Johansson F., (2004), “The Medici Effect: 
Breakthrough Insights at the Intersection of Ideas, 
Concepts, and Cultures”, Harvard Business School 
Press, Boston. 

[44] Redon, R., Larsson, A., Leblond, R. and Longueville, 
B., (2007) “VIVACE Context Based Search 
Platform”, Proceedings of the 6th International and 
Interdisciplinary Conference on Modeling and Using 
Context, CONTEXT’07, Roskilde. 

[45] Panteli, N. and Sockalingam, S., (2005), “Trust and 
conflict within virtual inter-organizational alliances: 
a framework for facilitating knowledge sharing”, 
Decision Support Systems, Vol. 39, pp. 599–617. 

[46] Hansen M.T., Nohria N. and Tierney T., (1999),  
“What's your strategy for managing knowledge?”. 
Harvard Business review, Vol. 77, Is. 2, pp. 106-116. 

[47] Graham R, Kyriazis E., (2007) “Interpersonal trust 
between marketing and R&D during new product 
development projects”, European Journal of 
Marketing, Vol. 41, Is. 9/10, pp. 1146-1172. 

[48] McAfee, A., (2006), “Enterprise 2.0: The Dawn of 
Emergent Collaboration”, MIT Sloan Management 
Review, Vol. 47, Is. 3, pp.21-28.  

[49] Grace, T.P.L, (2009), “Wikis as a Knowledge 
Management Tool”, Journal of Knowledge 
Management, Vol. 13, Is. 4, pp. 64-74. 

[50] Kreutz, C., (2007), “An Email alternative: Four 
dimension of feeds (RSS) in organizations”, 
http://www.crisscrossed.net, accessed on Nov. 16th 
2009. 


