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Abstract. Innovation represents the main driver for enterprises to evolve, and 
very often to survive in the globalized market. In the last decades, innovation in 
enterprise contexts has seen the introduction of new paradigms leveraging the 
so-called collective intelligence. Such paradigms have gained momentum 
thanks to the diffusion of the Internet, and the Web 2.0 in particular, and many 
supporting platforms have been developed. A critical aspect here regards the 
availability of tools able to manage the knowledge flow across the whole inno-
vation lifecycle (problem awareness, idea generation, solution implementation), 
overcoming the fragmentation and heterogeneity of the informative resources of 
the involved players. With this respect, we propose a Semantics-based Collec-
tive Awareness Platform for supporting business innovation activities, in which 
semantic facilities are provided for a smarter knowledge acquisition and shar-
ing, as well as for supporting solutions to complex problems. 
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1 Introduction 

In the last decades, business models for supporting innovation have been character-
ized by new paradigms such as Open Innovation [1], Crowd-sourcing [2], and Peer 
Production [3]. All these paradigms exploit the so-called collective intelligence, “a 
form of universally distributed intelligence, constantly enhanced, coordinated in real 
time, and resulting in the effective mobilization of skills” [4]. The envisioned benefit 
is that the participation of a large group of people can produce, in many cases, results 
that are better than what could be made by any individual member of the group.  

The above paradigms have been showing their potentiality mainly thanks to the 
diffusion of the Internet, which makes possible the interaction and the establishment 
of connections among geographically dispersed people, potentially all over the world. 
Nowadays, many examples of software platforms implementing such paradigms are 
available (see Related Work section). At the same time, many corporate initiatives 
have been launched with the aim of tapping externally developed intellectual property 
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to accelerate internal innovation (e.g., P&G Connect + Develop, IBM Innovation 
Jam). To further witness the momentum of such platforms, it is worthy to underline 
the Horizon 2020 initiative on Collective Awareness Platforms for Sustainability and 
Social Innovation (CAPS) [5]. CAPS are ICT systems leveraging the emerging net-
work effect by combining: open online social media (e.g., Facebook, and Youtube), 
distributed knowledge creation (e.g., Wikipedia), and data from real environments 
(e.g., Internet of Things applications), in order to create awareness of problems and 
possible solutions requesting collective efforts.   

 

Fig. 1. A semantically enhanced enterprise innovation lifecycle 

The objective of this paper is to exploit the results achieved in the BIVEE1 project, 
in order to set the basis for a Semantics-based Collective Awareness Platform for 
supporting the development of innovation initiatives in an enterprise context, with a 
particular focus on Virtual Enterprises (VEs). Awareness implies the enactment of 
activities requiring intense collaboration, communication and interaction, as well as 
the integration of data coming from different sources (e.g., physical and social  
sensors), and ultimately a high level of knowledge sharing among the involved 
autonomous actors. Efficient access to knowledge resources is however hindered by 
interoperability issues coming from fragmentation and heterogeneity of the involved 
players, their data, information and knowledge resources. In order to address the 

                                                           
1 BIVEE Project (Business Innovation in Virtual Enterprise Environments) is co-funded by the 

European Commission under the “Seventh Framework Programme” (2007-2013), contract n° 
FP7-ICT-285746. The authors wish to acknowledge the Commission for its support and all the 
BIVEE project partners for their contribution in the development of various ideas and concepts 
presented in this paper. 
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above challenging problems, we propose an approach based on semantic technologies 
to make available to users the support of smart tools and services. Here, semantic 
technologies can support collective knowledge systems for i) enriching user-generated 
content with structured data, in order to enhance the exploitation of knowledge origi-
nated through virtual social interactions, and ii) enabling interoperability across appli-
cations, in order to facilitate the integration of information. The platform covers the 
following three main phases (see Fig. 1). 

Monitoring and Evaluating, where VE activities (production processes and inno-
vation-oriented projects) are monitored and assessed by means of Key Performance 
Indicators, which are computed on the basis of sensors’ data collected from heteroge-
neous sources (e.g., different enterprise departments) that are homogenized by means 
of semantic reconciliation techniques (see Section 3). 

Triggering & Developing Ideas, in which the objective is to identify, and focus 
on, those issues and opportunities that need a disruptive intervention. While the main 
input is constituted by the results of the monitoring phase, it is also crucial observing 
what happens outside the borders of each participating company, in order to get stim-
uli from the outer world. To this end, facilities to solicit the creativity and idea  
creation process are being investigated, including a knowledge crawling and routing 
approach for addressing the right knowledge to the right people (see Section 4). 

Co-Creating, in which ideas are designed and implemented in a collective way, 
through the adoption of collaborative tools, where the support of semantic technolo-
gies is exploited for enhancing knowledge categorization, combination and access 
(see Section 5). 

The work is organized as follows: Section 2 presents the set of key semantic tech-
nologies on which the other tools are based on; Section 3 describes a semantic support 
to analyse data from real environments; Section 4 deals with the role of the Semantic 
Crawler and Knowledge Router in triggering innovation ideas; Section 5 is about 
semantics in a collaborative knowledge creation process; Section 6 reports about 
works on how computers can help in triggering creativity, and on collective intelli-
gence platforms. Finally Section 7, reports about conclusions and future works. 

2 Key Enabling Semantic Technologies 

Within the BIVEE project, a semantic infrastructure, namely Production and Innova-
tion Knowledge Repository (PIKR) [6], has been conceived to support semantics-
enabled knowledge management along the different steps of an innovation venture. 
While the BIVEE Platform, through its front-end, provides several tools (such as 
whiteboards, serious games, and rewarding mechanisms) to foster social interactions 
and collaborative activities for supporting open innovation tasks, the PIKR enables 
knowledge sharing among the different tools, smart access to, and organization of 
such a knowledge, as well as interoperability among the VE members. The proposed 
infrastructure provides the following baseline services. 

Collaborative Knowledge Engineering. The collaborative framework discussed in 
[7] aims at supporting the building of domain ontologies shared and agreed within the 
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participant organizations. An iterative and incremental process, supported by a soft-
ware platform built upon a semantic wiki, allows a community of practice, including 
knowledge engineers, domain experts, and ontology stakeholders to cooperate for: (i) 
producing conceptual models and reaching a consensus on their suitability with re-
spect to the application domain at hand; (ii) guaranteeing a formal encoding into a 
computational ontology. Depending on the particular requirements at hand, the output 
can be a full-fledged axiomatic theory (encoded as an OWL ontology), or a rich  
semantic network (according to SKOS standard). 

Ontology Based Informative Resource Representation. The PIKR is organized as a 
federation of reference ontologies, which are primarily used to semantically enrich 
any kind of tangible and intangible artefact in the scope of a given VE. In particular, 
the ontologies are partitioned into Knowledge Resource Ontologies, which are inde-
pendent of any application domain and provide the means for the representation of the 
main knowledge resources (e.g., members’ profiles/competencies, business processes, 
reports, performance indicators), and Domain Specific Ontologies providing the  
semantics of a specific business scenario. 

Semantic Access and Processing of Knowledge. The PIKR exposes a set of services 
that exploit the ontology-based knowledge representation, in order to provide ad-
vanced semantic facilities for data harmonization, search and retrieval, and verifica-
tion of business rules. Among them, a similarity engine, implementing the SemSim 
method [8], enables (i) concept-driven search service, (ii) recommendation of con-
tents to users, by matching users’ profiles with annotated resources, (iii) correlation of 
knowledge fragments based on their semantic affinity. Basically, SemSim is aimed at 
finding those digital resources, out of a repository, that best match a user  
request, where both, resources and user request, are described by a set of concepts 
(Ontology-based Feature Vector - OFV) from a Reference Ontology [8]. 

3 Semantic Analysis of Data from Real Environments 

Data is a crucial asset in innovation management to gain a better understanding of the 
environment (both internal and external) and to support decision making. In particu-
lar, the awareness of the existence of open problems and inefficiencies is one of the 
major forces driving innovation. For such reasons, data monitoring and analysis is a 
distinguished feature of a Collective Awareness Platform, as it involves the capability 
to collect and share objective measures addressing user activities. 

Such measurements usually refer to the notion of Key Performance Indicators 
(KPI) and are used to monitor performances of specific activities, to recognize criti-
calities and inefficiencies, and to predict future trends. KPIs can refer to indicators 
measuring time and cost during production activities, but they can also monitor inno-
vation-related aspects, for instance the number of new ideas generated during a  
project or the ratio of such ideas that have been actually developed.  

In collaborative environments, consolidating performance data from different enter-
prises into a coherent system is a key aspect to compare indicators and enable more ad-
vanced analysis over the whole platform. However, especially in highly distributed  
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environments, the autonomy of each enterprise leads to a high level of heterogeneity due 
to the adoption of different languages, models and technologies for data representation 
and storage, naming conventions and standards, levels of granularity (e.g., indicators 
measured each week or each month). Therefore, moving from heterogeneous data cap-
tured by sensors, and belonging to distributed partners, to the identification of open prob-
lems is a challenging process. In fact, it requires proper solutions for supporting data 
interpretation, which involves gathering and reconciliation of data and schemas, infor-
mation retrieval and discovery to support data analysis, and ultimately human expertise 
and collaboration for the understanding of results and recognition of open issues (Fig. 2). 

 

Fig. 2. DIKW model for Problem Awareness 

Semantic technologies can leverage data integration by providing a common shared 
conceptualization of the domain the sources refer to. To this aim, in the BIVEE project, 
a KPI ontology and a set of reasoning functionalities have been developed [9], as part of 
the PIKR. The ontology serves as a global conceptual model, providing formal defini-
tion of indicators and their properties, including the mathematical formula describing 
how to compute a compound indicator starting from other KPIs. Data coming from 
every enterprise can then be annotated through ontological concepts, easing in this way 
the process of identification and reconciliation of heterogeneous data, schemas and 
formulas. Specific functions aimed to reason on mathematical formulas of KPIs are 
capable to manipulate formulas and to detect identities, equivalences and incoherencies 
among indicators, in order to guarantee consistency of the repositories. Once data have 
been normalized and semantically annotated, users can express queries in terms of the 
global conceptual model with the aim to extract KPI values. 

Rewriting mechanisms are capable to transform a query in order to dynamically 
adapt it to the dimensional schemas of the underlying repositories, providing users 
with aggregated results. In this way, the query mechanisms allow to gain, instead of 
the access to a single dataset, a more comprehensive view over the data. This enables 
the development of a dashboard including a set of advanced functionalities for KPI 
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monitoring and analysis. Among them, tools to monitor the evaluation of trends with 
respect to a certain indicator, functions for benchmarking and reporting, and for per-
formance comparisons among enterprises. 

Detection of the pitfalls and inefficiencies in shared processes cannot be a fully 
automated task, as it deeply involves expertise and background knowledge from do-
main users. However, the functionalities described above support users in understand-
ing the current situation and recognizing critical issues. Moreover, these also allow to 
assess whether an implemented innovative solution is capable to overcome the recog-
nized issues and outperform the previous situation. 

4 Triggering Creativity through Knowledge Routing 

Innovations, in any organization, can only come from the people, and not from the 
systems. The first spark that triggers an innovation has not yet found effective sup-
port: there are no automatic established ICT methods and tools specifically focused 
on this starting discontinuity, while they can support most of the other stages of the 
process of innovation. The implicit assumption commonly shared in many projects is: 
the main ingredient for supporting the creation process is the availability of existing 
knowledge, which needs to be adequately proposed to (human) designers. 

The main challenge here is to exploit a wide corpus of knowledge, e.g., a corporate 
document repository or potentially the whole Web, taking advantage of the searching 
speed of bots, to propose contents able to foster creative thinking and problem solv-
ing. Even if the cognitive mechanisms are not yet completely understood, there have 
been many studies relevant to thinking techniques that have been proven to favour 
creativity. The use of metaphors and lateral thinking [10] is an example of recognized 
enabler of creativity, by bridging different conceptual domains. A general characteris-
tic of these techniques is the recommendation of avoiding usual thinking paths, habit-
ual mind frames, which is facilitated by putting oneself in unusual physical settings, 
or introducing absurd concepts, and the like. 

 

Fig. 3. Crawling and Routing Scheme 

In what follows, it is assumed to have availability of semantic descriptions of us-
ers’ profiles, in the form of a collection of OFVs, representing topics of interests to 
the user (e.g., an open issue identified by monitoring the production reality, or a  
subject occurring frequently in discussions authored by the user). Then a crawling 
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system should be devoted to the exploration of knowledge units (e.g., documents) 
available within or outside the VE boundaries, identifying for each resource an OFV 
from the available domain ontologies (possibly through an automatic ontology-based 
document classifier whenever an annotation is not available) to characterize its con-
tent at best. In this way, annotated resources are semantically analysed and matched 
with user profiles to enable smart routing of knowledge fragments to VE participants. 
During the BIVEE project, an approach based on a pipeline of semantic services im-
plementing the scheme outlined in Fig. 3 [11] has been proposed. 

The Crawler starts from an input seed, corresponding to a documental resource r 
(e.g., a Web page) that is downloaded and parsed. The main textual content is then 
processed in order to retrieve (or automatically generate) the associated semantic anno-
tation, as the OFV fr. A document is considered relevant on the basis of the percentage 
of the keywords contained in the text that refer to concepts defined in some available 
ontology. If the article has been judged relevant, r is characterized accordingly to two 
metrics (in the following, we assume a four-level graduated rate scale D, C, B, A): (i) 
the relevance of r with respect to a given domain ontology oi, i.e., the percentage ,  of elements in fr belonging to oi; (ii) the relevance of r with respect to the 
profile pu of user u, i.e., the semantic similarity , . The semantic routing, 
after the calculation of the aforementioned metrics, notifies a knowledge resource r, 
potentially relevant to a user u, according to the routing criteria described in Table 1. 
Finally, whether the resource has been judged relevant, the related links are added to 
the URL stack, in order to select a new seed and start the next iteration. 

Table 1. Exemplary Routing Criteria 

 ,  ,  ,  ,  
r is barely relevant to the user but is focused on a single 
domain relevant to the user. 

r is focused on a single domain 
relevant to the user, and is relevant 
with respect to the interests of the 
user ,  ,  

r is barely relevant to the user but is cross domain; in this 
case we expect that the different members of the VE 
which are notified with r can open discussions and 
ultimately start joint activities. 

r is relevant with respect to the 
interests of the user and is cross 
domain. ,  

 
  .    ,  

r is barely relevant to the user, but it deals with a lateral 
domain; the first condition ensures that the analysed 
document can be of interest to the user, while the second 
constraint ensures that the analysed document deals with 
other topics in a considerable measure, being at the same 
time somehow connected to the VE interests; in this case 
we expect that the notification of r can trigger lateral 
thinking mechanisms. 

r is relevant with respect to the 
interests of the user and it deals 
with a lateral domain. 

  r is relevant with respect to the 
user’s interests 

5 Semantics-Based Collaborative Knowledge Creation 

From a technological point of view, open approaches to innovation have gained mo-
mentum thanks to the Internet expansion, the advent of the Web 2.0, and Social Media 
platforms. Such platforms have increased the opportunity to establish communication, 
collaborations and co-operations. Many general purposes social networks have been 
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set up (e.g., Facebook, Twitter), as well as many very focused initiatives (see Section 
6). Interactions mediated by social software platforms generate a huge amount of con-
tents, carrying a significant amount of knowledge potentially relevant. However, all 
this knowledge is often hard to exploit, since the informative content in the interest of a 
user can be easily lost in complex social interactions, and the exploitation of such solu-
tions, as groupware infrastructures at the enterprise level, is mined as well by the frag-
mentation and lack of structure of the available information. 

The whole BIVEE Platform has been conceived by collecting and analysing the re-
quirements coming from the two end user organizations (LOCCIONI and AIDIMA) 
that are involved in the project. The analysis of the collected requirements has 
brought to the design of a set of functionalities and tools to be implemented,  
and aimed to facilitate open participation, support crowd-sourcing, and stimulate  
collaboration: 

- An open virtual space (Shared Whiteboard) where open calls can be published and 
ideas can be collected, shared, discussed, and evaluated by the largest number of 
people. Pricing and rewarding mechanisms are provided as well, to incentive the 
participation of people. 

- Collaborative tools for: (i) editing documents during the running of an innovation 
project; (ii) allowing people to provide input, comments, and suggestions to any 
shared resource. 

- A virtual observatory, to keep under control what happens outside the boundaries 
of a given enterprise, in terms of innovation initiatives and innovation trends.  

The application of ontology-based techniques to support the above components  
has been largely investigated during the project, and in this frame a leading role of  
semantic technologies with respect to the following key facilities is envisioned.  

Knowledge Classification. The organization of documental resources in terms of ref-
erence ontologies enables advanced knowledge management techniques. The adopted 
baseline infrastructure (Section 2) heavily relies on ontologies to represent structured 
information. However, also mechanisms to handle unstructured textual information 
have to be provided to group and classify documents and posts according to topics in 
the scope of the VE. In [12] we applied in this context a (semi-) automatic classifica-
tion procedure, where the textual content is analysed according to a weighted term 
frequency approach. The classifier is driven by a collection of training models, where 
each concept has an associated set of weighted terms (features), obtained by analysing 
its natural language description, the relations in which it is involved, and the concepts 
it specializes. For the classification of the textual content, a set of chunks (i.e., key 
noun phrases) is automatically extracted from it, by applying statistical techniques. 
Then, the document’s relevance, with respect to the domain ontologies, is assessed by 
matching the concepts’ features against the extracted chunks. The output is constituted 
by an OFV that enables further semantic processing techniques.   

Knowledge Retrieval. A crucial requirements often raised in highly dynamic, collabo-
rative environments regards the need for mechanisms to search over past initiatives and 
share contents in order to learn from previous experiences, reuse achieved outcomes, 
and avoid repeating mistakes. Indeed, once a user proposes a new idea through the 
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platform, she/he is interested in assessing if similar issues have been addressed in the 
past, and collecting knowledge resources related to these previous initiatives as useful 
material for a further development of the proposed idea. Relying on the SemSim simi-
larity reasoner (see Section 2), a semantic search engine has been developed, where 
search criteria are expressed as an OFV. Users are thus provided with a keyword-based 
search service, or, as an alternative, focused search requests can be automatically 
formulated by selecting a given resource (e.g., a post) and using the associated feature 
vector as input of the query to find related knowledge resources.  

Knowledge Combination. The collaborative platform should provide mechanisms to 
support a group of users working on a particular issue by suggesting automatically 
related knowledge items (technical solutions, patents and so on), possibly crossing the 
boundaries of their respective enterprise repositories. In particular, when a new idea is 
posted into the system, the platform should assess if similar issues have been ad-
dressed in the past, collect knowledge resources related to these previous initiatives, 
and finally identify related innovation seeds to put involved people in contact. The 
semantic facilities discussed so far can be applied to the analysis of user generated 
contents, including their indexing, aimed at computing and storing in advance the 
clusters of semantically related items it belongs to. This functionality can be then 
exploited to semantically correlate pieces of collective knowledge to available  
informative resources, for enhancing the information consumption of users during 
collaborative tasks. 

6 Related Works 

This section reports about existing initiatives related to challenging issues addressed by 
this paper. The objective of this section is to report about those research areas, focusing 
on semantics-based solutions, it is worthy to invest further research.  

Triggering Creativity. Brainstorming, Mind-Mapping, and Lateral Thinking are ex-
ample of techniques, rooted in cognitive sciences, to facilitate creativity. However, 
research efforts have been done on computational models implementing brain 
processes involved in creative thinking. Computational creativity [13] is the Artificial 
Intelligence subfield aimed at building and working with computational systems exhi-
biting a creative behavior to generate artifacts and ideas. The Syzygy surfer [14] is a 
creative search engine, which combines analogies and the ambiguity of natural lan-
guage, with the precision of semantic web technologies, to yield novel, but non-
random, results. [15] refers to the Obscure Features Hypothesis innovation theory, by 
proposing the adoption of AhaNets, semantic networks where common and obscure 
features of connected entities are modeled. Bisociation [16], proposed by Koestler, is a 
general process for combining two unrelated ideas or thoughts into a new idea. 
PERCEPTION [17] is a computational model, based on concept properties to compare 
similar concepts to blend two distinct concepts to solicit creativity. [18] investigates on 
graph-based representations of entities and concepts, and the application of a persona-
lized PageRank algorithm, to infer semantic similarity, and novel associations as part 
of a creative process.  
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Knowledge Creation in a Collaborative Environment. Historically, Douglas 
Engelbart, referred to as the Father of Groupware, is considered the pioneer of com-
puter supported collaborative work. In 1968, in his demonstration referred to as the 
Mother of All Demos [19], he presented the NLS integrated system, which included 
computer-supported real-time collaboration features. However, only in the early 
1990s the first groupware commercial products, whose major representative was 
probably Lotus Notes, began delivering up to their promises. Finally, in the 2000s, 
with the advent of the Web 2.0, Wiki-based platforms and Social Networks, platforms 
leveraging collective intelligence, have gained momentum. Different purposes charac-
terize existing platforms: civic engagement, to support collective actions that address 
issues of public concern, such as mobility, e-democracy; collective knowledge, to 
develop knowledge assets or information resources from a distributed pool of con-
tributors, e.g., Wikipedia; crowdfunding, to promote financial contributions from 
online investors. More focused on supporting innovation initiatives: collective crea-
tivity platforms, which are creative talent pools to design and develop original art, 
media or content, e.g., OpenIDEO (openideo.com); open innovation platforms, which 
use sources outside of the entity or group to generate, develop and implement ideas, 
e.g., Quirky (www.quirky.com). 

Basically, collective knowledge systems are expected to be supported by semantic 
technologies into two main ways: augmenting user-contribution with structured data; 
enabling interoperability across applications, and facilitate access to knowledge. The 
former is currently supported by several automatic annotation techniques, see, e.g., a 
recent survey in [20]. A complementary aspect is to enable people to add structured 
data, to increase the value of the annotation. The challenge here is to provide services 
that give personal and social value to the individual in return, e.g., by involving 
games [21]. About the latter: [22] presents an architecture, which makes use of on-
tologies and rules to enable interoperability among heterogeneous collaborative tools; 
[23] supports collective intelligence by encouraging people to collaboratively express 
ideas regarding a complex issue, by means of ontology-based solutions to enhance 
searching and browsing as well as to facilitate users editing. 

7 Conclusions and Future Works 

In this paper, we recapped some of the achievements of the BIVEE project, envision-
ing their adoption in a platform oriented to the exploitation of collective and distrib-
uted knowledge in order to create awareness and problem solving capabilities in the 
context of enterprise innovation. While the methods and technologies proposed during 
the project constitute a valuable baseline towards the development of a CAP able to 
impact on complex real-world scenarios, several challenges have still to be faced, 
addressing both technological and organizational aspects. In the following, three chal-
lenges that are considered paramount for future works are outlined. 

Challenge 1. Being structured but not rigid. The overall framework should be able to 
integrate automatic support and human efforts, guiding knowledge workers in order to 
correctly interpret and exploit the available information. However, while a structured  
 



236 F. Smith, E. Storti, and F. Taglino 

 

methodology is needed to bring original ideas into commercial solutions, a prescrip-
tive approach can seriously hamper creative thinking. A critical aspect is related to the 
interpretation of data derived from the monitoring phase to identify issues to be  
addressed through innovative solutions rather than undertaking typical production 
improvement or process reengineering efforts. Supporting the identification of the 
discontinuities that may possibly lead to radical innovations constitutes a very inter-
esting and challenging open issue.  

Challenge 2. Being a lot, but not too many. The success of innovation ventures may 
be positively influenced by the collaboration of a large number of actors, which con-
tribute with their different skills and background. Indeed, an enterprise may often 
strive for competences not available within its borders. However, relying on the  
wisdom of crowd may be worth only for particular tasks2. Instruments are needed to 
dynamically select proper borders, depending on the scenario at hand, for setting-up 
innovation teams that cover the needed competences and guarantee appropriate levels 
of mutual trust and motivation. 

Challenge 3. Being open. but not exposed. To embrace an open innovation perspective, 
both inbound and outbound processes need to be fostered. This requires a continuous 
harvesting of data for decision making, and at the same time mechanisms to publish 
data related to each individual enterprise. The enforcement of the Open Data philosophy 
appears a viable approach for achieving a sustainable and flexible framework for large 
scale observation and information sharing, which can guarantee at the same time  
adequate access control and privacy levels. Further work will investigate strategies to 
integrate in the platform open dataset, with a particular focus on the Linked Data [25] 
paradigm. This aspect may enhance the global awareness on a certain topic, serving as 
contextual information to better understand a given phenomenon. For instance, both 
internal production indicators and a public dataset reporting market analysis results 
should be interrelated, to discover whether a decrease in sales volume of a given product 
in a certain place can be explained by a more general market trend. 
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