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Abstract. Nowadays, organisations and companies collaborate towards intero-
perable solutions difficult to derive in one closed research and development  
department. Currently, such concepts started to be implemented within User  
Innovation Networks, opening a new collective, productive space for the indi-
vidual and the inter-community collaboration. Also the emergence of Internet 
platforms that enable and support collaborative innovation research anchored in 
WEB 03 semantic technologies generate new challenges and opportunities in a 
period of crisis. Based upon these ideas, COMPOOL Web 3.0 Collaboration 
Platform is an innovative collaboration research proposal, focusing on develop-
ing partnerships between governmental organisations, academia and industry to 
produce new composite materials based on disruptive and incremental open in-
novation. COMPOOL ‘s main aim and functionality is to synthesize and man-
age ideas from different disciplines so to reduce time execution as well as high 
costs and risks associated with technologies in composites research and devel-
opment. The proposed COMPOOL platform uses Semantic Analysis, Human 
Computer Interaction Immersive Experience and User Innovation Networks 
aiming at real micro- and macro-scale industrial implementations for out of the 
box problem solving within diverse industries, as for example, aerospace, au-
tomotive, construction, wind energy and sports. 
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1 Introduction 

Nowadays, in several occasions, companies experience difficulties in solving problems 
and turn to user communities for solutions. For example, The Deepwater Horizon oil 
spill disaster was an oil spill in the Gulf of Mexico on the BP-operated Macondo Pros-
pect, and is considered as the largest accidental marine oil spill in the history of the 
petroleum industry. As BP could not solve the problem immediately, the researchers 
turned to user communities for solutions. Innovation network community platforms 
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now serve communities of special interest; if for innovation, they can provide a revolu-
tionary model where industry, academia, non-profit organizations, along with govern-
ment organisations, collaborate to rapidly deliver solutions, new technologies and  
innovative capabilities. Such networking for research and development purposes can 
involve universities, research institutes and industry approaching artificial or mixed 
material such as composites from different point of view, e.g. engineering, physics, 
chemistry etc. In this way, by providing an open environment to support idea genera-
tion and management, the collaboration space, methods, tools and techniques can be 
used to support direct dialogue and inquiries from and with the industry. 

Composite materials are a rapidly developed field gaining new applications almost 
every day [1]. Composites consist of two or more materials with significant different 
properties which remain separate and distinct within the finished structure, however, 
with superior properties compared to its parts. Research in this field is interdisciplinary 
and can be found in chemistry, engineering, mathematics, physics etc or fields that seem 
to be completely irrelevant to composites engineering. Consequently, immediate and 
associated responses to such needs finding the right expert is of high importance and in 
some cases the solution is not the obvious. In other words, an expert can be found in 
faculties not directly connected to the composite world. Due to the fast growth and the 
complexity of these applications, industries are often facing severe problems that need 
fast solutions directly implemented within authentic environments. 

Bringing ideas into applications and reality is based on the open innovation mod-
el[2] and user innovation networks in particular. Engaging users from different back-
grounds speeds up the problem solving process faced by the industry via the rapid and 
agile development of composite applications in situ. Semantic Web 3.0 technologies 
can provide a solution to this problem by bringing together experts from governmen-
tal, industrial and academic organisations on Semantic Analysis Engineering Plat-
form. Web 3.0 is about: 

• Data, metadata, semantic search and facilitating interoperability by including se-
mantic content in web pages.  

• Encouraging and enabling users to find, share, and combine information 
• Create meaningful connections between the data, legible and meaningful (unders-

tandable) by the machine. 

User Innovation Networks (UIN) has been considered the open innovation model for 
this century as it functions entirely independently of manufacturers. Networks can be 
built up horizontally – with actors consisting only of innovation users (more precisely, 
“user/self-manufacturers”) [3][4]. Free and open source software projects are exam-
ples of such networks.  Some users have sufficient incentive to innovate and some 
other users to voluntarily distribute their innovations. If the innovation products are at 
low or no cost they can compete with commercial ones. The benefits are related to the 
identification and development of something that is missing in the market and distrib-
uted within the networks and beyond. 

2 Immersive Experience Design for Innovation Communities 

Immersive eXperience (iX)[5][6], as with User Experience (UX), is the creation of 
immediate, deeply immersive, meaningful and memorable learning experience. Thus, 
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it is appropriate, satisfying, successful, and related to humane values, also directed 
towards the specific learning objectives for each course or session. User eXperience 
(UX) is a person's perceptions responses resulting from use and/or anticipated use of a 
product, system or service.  

iX is focused on supporting users’ natural curiosity and reasoning, individual inter-
ests, drives and opening up the space for their reasoning including aligning several 
aspects of diverse information. These factors can be explicit such as cognitive, learn-
ing, social and pedagogical, and implicit such as metacognitive, affective and con-
ative such as curiosity. This is the exact reason why iX is best suitable for 
COMPOOL, a platform to support disruptive innovation and not only.  

These directly affect inductive/deductive reasoning preferences and thus, choices on 
directions learners make on learning pathways, leading to tailor-made, targeted and con-
structive anywhere-anytime learning as well as motivating and engaging in teamwork. 
Consequently, an attractive and efficient 3D iX environment provides customisable con-
trol and immediate feedback. Such functionalities can challenge the learners by providing 
creative flow conditions with enhanced awareness and sensitivity about specific needs, 
excitement, enthusiasm and joy found in imaginative and innovative activities. 

Curiosity is the desire to know, based on knowledge or experience that motivates ex-
ploratory behaviour; furthermore, curiosity is activated when there is the feeling of lack-
ing knowledge for a subject of interest. Such needed information is substantial and capa-
ble of increasing subjective feelings of competence, in our case technological and digital 
competencies. Therefore curiosity also serves as an intrinsic motivational and activation 
factor. Intrinsic motivation is an internal state typified by a strong desire to engage and 
interact with the environment with stimuli. It is reinforced by interest and enjoyment, a 
willingness to initiate and continue autonomous behaviour, and prompts an individual to 
engage in activity primarily for its own sake, because the individual perceives the activity 
as interesting, involving, satisfying or personally challenging. There are specific immer-
sive factors, conditions and associated iX Design attributes that enable and enhance the 
user’s engagement and activity on platforms that require such actions.  

Immersive Factors 

1. Clear goals as challenge level and skill high level  
2. Concentration and focused attention 
3. Loss of feeling 
4. Distorted sense of time 
5. Direct and immediate feedback 
6. Balance between ability level and challenge  
7. Sense of personal control over the situation or activity 
8. The activity is intrinsically rewarding, so there is an effortlessness of action 
9. Lack of awareness of bodily needs 

10. Absorption into the activity. 

iX 10 Design Attributes  

1. Common purpose: Have a clear & focused purpose 
2. Powerful Presence – Co-Presence: Intimacy (closeness) as the interpretation of the 

degree of interpersonal interactions[8]; Immediacy (directedness) as psychological 
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distance[9]; The degree of salience (stands out) of the other person in a mediated 
communication and the consequent salience of their interpersonal interac-
tions[10][11]; The degree by which a person was perceived as real in an online 
conversation[12].  

3. Engagement Factors: Perception via the senses; Action via the body/kinaesthetic – 
physical body functions; Emotion via the heart – emotional & instinctual nature 
functions; Cognition via the mind – rational consciousness functions; Co-creativity 
via imagination & intuition – higher consciousness thinking functions; Be in a state 
of constant flow;  Connect with each other 

4. Virtual Collaboration: Team knowledge building; Creating creativity: Users’ gen-
erated context provides the background for new collaboration; Collect-relate-
create-donate[13]; Participatory problem solving; Social innovation 

5. Zone of Proximal Flow (ZPF) is the area where flow occurs within the zone of 
proximal development[6], that is the peer-to-peer gap of knowledge and potential 
development. In this way learners’ interest and engagement counteract the anxiety 
experienced in the creative flow.  

6. Connectedness: Direction, Motivation, Activation; Knowledge, Understanding, 
Meaning; Skills, Competencies; Flow, Activities; Trust, Belonging; Learning, 
Sharing, Co-creation; Consciousness, Inter-Connectedness 

7. Engagement in Compelling & Memorable Activities 
8. Sense of Belonging 

Immersive Taxonomy. When building User Innovation Networks design and devel-
opment of an organically evolving community is needed. The following diagram de-
picts the evolution process enabling the community members to inform, share, relate 
and create new ideas for composites coming from diverse backgrounds.  

Figure 1 proposes the detailed transition from the individual contribution to the 
collective intelligence outcomes based on the evolving sense of contributing into the 
innovation community. This is possible by starting from small talks and mere infor-
mation to sharing experience and creating common dreams.  As such, active en-
gagement serves the community purposes based on trust and belonging so to be open 
for sharing and co-creating in a spiral fueled by common inspiration.  

 

 

Fig. 1. COMPOOL Innovation Community Immersive Taxonomy [6] 
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3 COMPOOL: The Composites Pool Open Innovation 
Environment  

COMPOOL platform design and development supports open community collabora-
tion for disruptive and incremental innovation by enabling idea generation and man-
agement, problem solving, and solutions and innovation development of advanced 
composites. COMPOOL brings together associated communities such as governmen-
tal, academic and industrial stakeholders. The process starts with the stakeholders’ 
registration, profiling and requirements submission and identification. Then collabo-
ration and mixing ideas ignites integration and development of diverse teams, 
project/program definition which, by using COMPOOL tools, leads to project devel-
opment and innovative solution application. COMPOOL is built on a Semantic On-
tology and Semantic Analyses techniques and language enquiries for intelligent ideas 
and solutions search to support Disruptive and Open Innovation Management. 

The COMPOOL platform is based upon WEB 3.0 technologies and shares com-
mon characteristics with intranet platforms, web portals, social networks, wikis and 
VIEs. Its basic framework consists of a shared information space that supports shar-
ing and discovery of information among users. The space is comprised of a number 
of technical standards and platforms interconnected in a network within boundaries 
of group of people and topics. All communication goes through a web-browser 
using the TCP/IP and HTTP protocols. Thus any client application can be a part of 
the platform as long as the browser is the primary client interface. The platform 
provides a variety of functionalities to its users in order to promote user engage-
ment, information sharing, data discovery and more importantly incentives for idea 
sharing and innovation. The underlying structure includes components that support 
WEB 3.0 technologies like the Semantic Analysis (LSA/ESA), ontology building, 
summarization and user adaptation. COMPOOL also supports different user catego-
ries having diverse roles and backgrounds to reach information and perform tasks in 
a personalised manner.  
 
The Underlying Information Architecture. Researching the suitable Information 
Architecture (IA) of a Collaboration environment is of great importance. Effective 
information architecture enables people to step logically through a system confident 
they are getting closer to the information they require. Lacking a suitable Information 
flow increases the risk of creating great content and functionality that no one can ever 
find. The proposed Information Architecture is based on the fact that the content is 
not going to be created by a group of administrators or content authors, but it will be 
mostly supplied by distributed research teams and their members in a collaborative 
and contributing manner. However, the distributive character of the user base makes 
the decision of the suitable information containers much more difficult. Two ques-
tions are the most prominent in this decision process: i) what is important and for 
whom? ii) What has to be accessible and for whom? 
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The Information Architecture of the system needs to answer sensibly these two 
questions for the largest part of the users possible. The proposed platform uses a 
“Pull” (or self-subscribe) rather than a “Push” model for the Information flow and the 
Notification system, in order to fulfil the above issue. That means, that each user se-
lects what is important for him and thus reaches it with less effort (the “Push” model 
is available in some functions as well, but that does not reflect the general philosophy 
of the platform). This mechanism is implemented using “Spaces” and subscriptions. 
The content is enclosed in respective Groups called “Spaces” that subscribed users 
use to access and post information. These groups are routinely created by users 
around the topic of their interest, area of expertise or even around an idea. The access 
control to these groups is user defined and thus both public and private groups co-
exist in the platform.  

The user navigation is supported by a hybrid combination of hard-coded and sys-
tem-generated links. The hard-coded navigation menu includes a global top-level 
navigation block, which provides entering users with access to spaces, topics, materi-
als, stakeholders and events, and a per-space menu block, which guides users to 
group-specific content like documents, wikis, diagrams, Q&A, bibliography lists and 
group meet-up events. Additionally, the system auto-generates an always evolving 
navigation system based on the semantic analysis of subjects, documents, terms and 
users.  

The same underlying models built by the semantic analysis components are avail-
able to a custom search engine which further aid user find related information and 
contacts. Finally, the navigation and search systems are further adapted according to 
each user’s trained user profile.  

 
Basic Functionalities 

1. User Registration: The user registration is the first logical step for a new user to 
start using the platform. It provides access to the platform, private access to per-
sonal data and subscribed groups and finally it allows the system to create a perso-
nalized user profile in order to adapt its behaviour and appearance. The next logical 
step is the creation of a user profile. Users may select one of the following catego-
ries or templates, when building their profile: Stakeholder, Manufacturer,  
Researcher, and Student. This aids the user discovery and provides the necessary 
initial information to the system to adapt its information architecture to the logged 
in user.  

2. Stakeholder identification and discovery: COMPOOL users, upon completion of 
their personal profile, may add specific details about their area(s) of interest, 
their knowledge/expertise, their working domain and other personal notes which 
are indexed and available to stakeholder listings and searches. The discovery of 
related stakeholders is then facilitated by a filtering and searching form, which 
additionally uses underlying models built with the semantic analysis of user 
shared content. 
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3. Spaces: A space is a virtual content container created and used by users with com-
mon interests. Spaces can be public (i.e. accessible by every user) or private (ac-
cessible only to members). The content in public spaces is parsed and semantically 
analysed by the back-end learning algorithms in order to build globally accessible 
ontologies and is available to global searches and navigation. Private spaces can be 
managed by either the space owner (creator) or by other people who are given fur-
ther access granting privileges.   

4. Dashboard: The results from the back-end semantic analysis along with traditional 
content metrics are displayed in summary pages called dashboards. Two types of 
dashboards exist: the global dashboard and the space dashboard. The global dash-
board lists personalized trending and popular content, related users and topics 
fetched by public and user-subscribed spaces. The space dashboard summarizes re-
cently posted, updated or discussed content, exclusive into this specific space.  

5. Spaces collaboration features: Several collaboration facilities are available in order 
to support different user needs, team structures and content types. The main colla-
boration facilities are: 

a. Documents and comments:  Documents are online content containers stored 
directly into the platform database. Ordinary files can be uploaded and added 
as attachments to a document permitting desktop file exchange between users. 
Documents can be further categorized in hierarchical containers called 
“Books”. This allows for the hierarchical organization of related content and 
files. Documents do not support collaborative editing, thus they better serve 
the need for personal knowledge sharing. However, a commenting system is 
available and thus feedback can be provided by partners to the content author. 

b. Wikis: Unlike documents, which do not support collaborative editing of con-
tent, wikis may be edited by more than one user, allowing thus the building of 
documents based on community rather than just personal knowledge. Wikis 
are supported by full version control so that content can survive human mis-
takes or vandalism.  

c. Questions and Answers: This facility supports the posting of user questions 
which other experts from similar or different areas of expertise may answer.  

d. Projects and Task Tracker: Spaces may facilitate also the building of projects 
among subscribed users. Projects are subdivided in tasks and a ticketing sys-
tem, named “Task tracker”, supports the delegation of tasks and monitoring of 
their progress.  

e. Micro-blogging: Inspired by the advent of social networks, spaces support also 
the need of short, informal and highly interactive conversation fulfilled by a 
micro-blogging facility, accessible to all the members of a specific group.  

f. Bibliography listing: Publications related to materials, composite materials and 
manufacturing may be shared using the bibliography section. Users may either 
post their own publications or other interesting publications useful for the 
members of the group.  

g. Surveys and questionnaires: User initiated surveys appear to be very useful to 
idea holders in order to reveal and extract patterns from stakeholder interests 
and discover trends in industry and related markets. Thus, a survey building  
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and sharing facility is incorporated in COMPOOL available to all users of a 
specific group. Surveys may be publicly shared with people with no user ac-
count in order to get greater user feedback. 

h. 2D/3D Virtual canvas. In several cases, complicated ideas may be better ex-
plained in a 2D/3D vector canvas rather than on paper, especially in the field 
of composite materials research, the geometrical structure of which is one of 
the most important factors. Ready-made objects and pattern structures are 
available in order to aid in rapid prototyping of ideas. Users may also create re-
usable objects. Moreover, 2D and 3D models can be collectively built and 
edited by authorized users, thus building better models based on community 
knowledge and experience.   

i. Meet-ups and events: The members of a space may schedule local meet-ups or 
annual global meetings in order to get in touch and further discuss their ideas 
and projects. This facility is further supported by a personalized calendar 
which is automatically generated for each user. Users may also search and dis-
cover meet-ups in public groups, filtered by distance, subject and date.  

6. Building learning material: COMPOOL supports also the creation of learning ma-
terial for students or even experts in order to support lifelong learning. Users may 
use the aforementioned spaces facilities in order to create courses which may con-
sist of books, presentations, videos and 3D interactive models. Online exercises 
may also be created using the available survey/questionnaire facility. 

7. Innovation support: COMPOOL builds on several features to support user innova-
tion and encourage the exchange of ideas among researchers and other stakehold-
ers. 

j. An idea sharing facility is separately built which is based on a collection of as-
sets like documents and 3D models and a copyright holding agreement signed 
between the owner and the contacted stakeholder. 

k. Researchers or industry representatives may search and discover publicly 
shared, related innovative ideas. 

l. Users may navigate the auto-generated ontology and discover posted informa-
tion about the related materials and their industry applications. 

m. Idea holders may reach and contact manufacturers through the stakeholder dis-
covery form. 

n. Community innovation is supported by the collaborative features of “spaces”  

8. Notifications and external communication: The semantic analysis and user adapta-
tion models may be used to provide useful timely information to the subscribed us-
ers. A summarization module, builds lists with recent information related to each 
user which are made available either through e-mail as a personalized newsletter or 
using syndication feeds (RSS). 

9. Desktop client: A desktop client may be used in order to support immersive multi-
sensory stimuli for the 3D interactive and collective model building facility. The 
desktop client is required in order to access native drivers not available to a brows-
er client and also achieve better performance through the usage of additional sys-
tem APIs. 
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Fig. 2. A view of the stakeholder identification and discovery facility 

Using the aforementioned facilities, the user engagement is significantly  
enhanced, since users feel members of a community, participate in private and open 
discussions and use tools which promote safe and rapid exchange of their ideas.   
As mentioned above, beyond the user facilities aiming to achieve innovation and im-
mersive experience (iX), an underlying back-end system is utilized to support the 
semantic analysis and language enquiries of submitted content. The methods used are 
described in the following section. 

3.1 COMPOOL Semantics 

Computing semantic relatedness between terms or documents of natural language 
texts requires access to common-sense and domain-specific world knowledge, based 
on similarities to documents of a reference corpus, this is the ontology. It can be used 
to reason about the entities within that domain and may be used to describe the do-
main and renders shared vocabulary and taxonomy. Latent and Explicit Semantic 
Analysis (LSA & ESA): LSA is a technique to analyse relationships between a set of 
documents and terms they contain by producing a set of concepts related to docu-
ments and terms. LSA assumes that words that are close in meaning will occur close 
together in text. ESA represents the meaning of texts in a high-dimensional space of 
concepts derived from Wikipedia.  

LSA and ESA have never been used for semantic similarity problems towards the 
identification of right experts, ideas and/or solutions. Therefore new Human Collec-
tive Intelligence semantic similarity algorithms need to be invented for COMPOOL. 

 

 

Fig. 3. COMPOOL diverse innovation community to support industrial innovation 
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4 Conclusions and Future Work 

This paper described the COMPOOL innovation community open environment aim-
ing at bringing together experts from diverse fields in order to facilitate industrial 
interdisciplinary research on composites. It supports the unexpected and creative solu-
tions everyday users may provide to the experts in the composites field to enhance 
multiple perspectives and diversity for disruptive and open innovation. In order to 
achieve users’ engagement, Immersive eXperience (iX) is incorporated into the com-
mon Human Computer Interaction design and development process to provide a mul-
tisensory perspective to create strong psychological attributes for groups creative flow 
engagement and sustain enthusiasm for inspiration and ideas sharing through an inno-
vation community development organic process.  

COMPOOL is based on a semantics engineering approach; users’ engagement is 
anchored in a number of Web 3.0 functionalities and semantics engineering creating 
strong vibrations to remember.  

References 

1. Tsotra, P., De Verclos, O., Howland, D.: New Generation of Paste Adhesives for Aero-
space and Wind Turbine Blade Bonding. In: The Composite Symposium 2009, TU Mün-
chen, Germany (2009) 

2. von Hippel, E.: Horizontal innovation networks- by and for users. MIT Sloan Working Pa-
per No. 4366-02, http://opensource.mit.edu/papers/vonhippel3.pdf  

3. Chesbrough, H.W.: Open Innovation: The New Imperative for Creating and Profiting from 
Technology. Harvard Business School Press, Boston (2005) 

4. Lambropoulos, N., Kampylis, P., Bakharia, A.: User Innovation Networks and Research 
Challenges. In: Ozok, A.A., Zaphiris, P. (eds.) OCSC 2009. LNCS, vol. 5621, pp. 364–
373. Springer, Heidelberg (2009) 

5. Lambropoulos, N., Mystakides, S.: Learning Experience+ within 3D Immersive Virtual 
Environments. In: The Proceedings of the Federated Conference on Computer Science and 
Information Systems, FedCSIS 2012, Wrocław, Poland, September 9-12, pp. 857–862 
(2012) 

6. Lambropoulos, N., Reinhardt, P., Mystakidis, Σ., Tolis, Δ., Danis, Σ., Gourdin, A.: Immer-
sive Worlds for Learning eXperience+: Engaging users in the zone of proximal flow in 
Second Life. In: EADTU Conference, Paphos, Cyprus, September 27-28 (2012)  

7. Vygotsky, L.S.: Mind in Society. Harvard University Press, Cambridge (1978) 
8. Argyle, M., Dean, J.: Eye-contact, distance and affiliation. Sociometry 28, 289–304 (1965) 
9. Wiener, M., Mehrabian, A.: Language within language: Immediacy, a channel in verbal 

communication. Appleton-Century-Crofts, New York (1968) 
10. Dourish, P., Bellotti, V.: Awareness and Coordination in Shared Workspaces. In: Proceed-

ing of ACM CSCW Conference, pp. 107–114 (1992) 
11. Short, J.A., Williams, E., Christie, B.: The social psychology of telecommunications. John 

Wiley & Sons, New York (1976) 
12. Meyer, K.A.: The web’s impact on student learning. T. H. E. Journal 30(10) (2003) 
13. Shneiderman, B.: Leonardo’s Laptop: Human Needs and the New Computing Technolo-

gies. The MIT Press, Cambridge (2002) 


	Composites Ideas in COMPOOL Immersion: A Semantics Engineering Innovation Network Community Platform
	1 Introduction
	2 Immersive Experience Design for Innovation Communities
	3 COMPOOL: The Composites Pool Open Innovation Environment
	3.1 COMPOOL Semantics

	4 Conclusions and Future Work
	References




