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Abstract. This paper intends to demonstrate how open innovation systems
could be developed by tackling the challenging knowledge management prob-
lems that are encountered when aiming at involving very large audiences. This
is the case when generalizing open innovation approach beyond companies to a
wider societal context like in the case of national innovation systems. The Open
Innovation Banking System (OIBS) project, funded by the European Social
Fund (ESF) and the participating higher education institutions in Finland, is
used as a basis for our discussion. It specifically aims at bringing the largely
underutilized creativity of students and senior citizens to play. Among several
technologies to develop OIBS, mashups as hybrid web applications can play an
important role in such constantly evolving system and contents. However, rely-
ing only on unstructured text inputs, the services of textual content sharing for
OIBS would require intelligent text processing that far exceeds the capability of
such applications. In this paper, we propose an “idealet’-centric solution for
representing the data submitted by users, enabling concise description, refine-
ment and linking of ideas as input for innovation processes. An idealet is de-
fined as the core knowledge about an innovative idea. The relationships among
idealets and essays can be represented in a semantic network in terms of their
relationships. This scheme allows the mashup applications for OIBS to more ef-
fectively retrieve, process, extract, and deliver the most important knowledge
from an ocean of information contributed by participating information com-
poser, reviewers, and users. The paper also discusses how the idealet-centric
approach can be employed for a functional open innovation system.

Keywords: Open Innovation, Mashup, Semantic Network, Knowledge Model-
ing, “Wicked” Problems.

1 Introduction

The idea of open innovation has gained exceptional momentum with web 2.0 enabled
social media and collaborative services and has quickly gained popularity since it was
promoted by Henry Chesbrough in 2003 [2]. The central idea behind open innovation
is that in a world of widely distributed knowledge, companies cannot afford to
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rely entirely on their own research, but should instead buy or license processes or
inventions (e.g. patents) from other companies. In addition, internal inventions not
being used in a firm's business should be taken outside the company, for example,
through licensing, joint ventures, or spin-offs. While Chesbrough originally focused
on firm’s perspective the open innovation approach has potential to foster solution of
many of today’s challenging problems - or so called “wicked problems” - when gen-
eralized from organizations to wider societal context and supported by appropriate
discourse mechanisms. Here a “wicked problem” is referred to as “to describe a prob-
lem that is difficult or impossible to solve because of incomplete, contradictory, and
changing requirements that are often difficult to recognize. Moreover, because of
complex interdependencies, the effort to solve one aspect of a wicked problem may
reveal or create other problems.” [12].

This paper is intended to demonstrate how such systems could be developed by
tackling the knowledge management problems in Open Innovation Banking System
(OIBS) project, an EU sponsored open innovation system project in Finland aiming at
bringing the largely underutilized creativity of the students and senior citizens to play
[13]. Specifically, OIBS is a kind of textual contents sharing system, which is similar
to Wikipedia in its open content service [14] but with the focus on innovative ideas
contributed by the users.

When applying the open content approach to the development of the idea bank sys-
tem — not just to the process of producing its content - it becomes important to support
approaches that enable very easy and lightweight linking of various value adding
services as well as composition of new services. The mashup approach [10] can be
applied in the ongoing development and extension of such a system by providing sup-
port for analyzing information and evaluating contributions, for identifying related
items and supporting composition, and for ranking, visualizing, and various other
forms of processing. There are a number of most well-known mashup implementa-
tions, such as Microsoft Popfly (discontinued on August 24, 2009), Google Mashup
Editor (Deprecated, since January 14, 2009), Mozilla Ubiquity, Yahoo! Pipes, and
Open Mashup Alliance. However, relying only on unstructured text inputs, these ser-
vices for typical idea banking and brainstorming support systems would require intel-
ligent text processing that far exceeds the capability of such applications. In the last
couple of decades great efforts have been exerted to develop various techniques,
methods, and algorithms for automatically processing and summarizing unstructured
text documents, but there is no practically feasible resolution that is applicable to our
specific application context. The challenging problems include:

— How to effectively and efficiently manage a large amount of textual contents, and
— How to support composition, refinement and more structured processing and dis-
course on the submitted contents.

To address these problems, we suggest a solution, idealet-centric knowledge modeling,
for structuring the information elements (i.e. inputs and possible outputs of the mash-
ups) in a more meaningful way, so that the information can be better understood and
processed. The structuring also supports discourse, idea refinement, and composition
processes for providing input for the innovation process. The analogous problem of
supporting of scientific collaboration has been earlier addressed by proposing a struc-
tured discourse model [5] based on the IBIS-model [12]. With the current pervasive
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Internet connectivity and social network systems even very large scale of introduction
of such approach has become viable. An idealet is defined as the core knowledge about
a piece of innovative idea. Based on the idealet-centric model, we show how the essays
contributed by the users of an open innovation system can be processed incorporating
with the information retrieval techniques, such as the latent Dirichlet allocation (LDA)
model [1]. Then a semantic mashup approach using the latest text snippet extraction
technique can be employed to extract innovative ideas. This scheme allows the mashup
applications for OIBS to more effectively process the most important knowledge from
an ocean of information contributed by participating information composer, reviewers,
and users. In this way, the suggested idealet concept and structure as a lightweight
knowledge representation scheme that can be applied in Web environment both from
technology and from user perspectives thus promoting scalability and adoption of open
innovation systems. The idealet model and tools making use of it is suggested to pro-
vide value both to idea contributors and to participants looking to further processing of
ideas in the innovation process. Thus, we can expect it to help boosting the initial
adoption and scaling of use of OIBS and other such systems, which is typically a major
challenge in their successful introduction.

2 Challenges in OIBS - Mashing Up the Innovative Ideas

The OIBS concept is based on the idea that Online Social Networks can be utilized as
a critical part of National Innovation System i.e. National Open Innovation Systems
(NOIS) as illustrated in Fig. 1 that presents the general Innovation Triangle frame-
work which consolidates NOIS [13].
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With the aim of generating new ideas (i.e. the top box) NOIS framework includes
two complementary innovation sources: first, future market environment information,
presenting visions of the future (i.e. the left box) and second, current market environ-
ment information, presenting today’s challenges (i.e. the right box). By combining
these, the approaches of collaborative content production and intelligent content rec-
ommendation will significantly boost the possibilities of unexpected findings, which
have been identified as a major innovation source. It has also been recognized by [13]
and others that a successful innovation system must include options for rewards for all
key actors.

The OIBS project launched in 2008 aims at creating an environment that supports
the OIBS approach and takes it into large scale operational use starting from a net-
work of higher education institutions. The challenges in the development of such a
system are described in [6]. The intended widespread use of OIBS requires that the
system should be easy to learn and use. Still it should have very powerful features for
the management, processing and presentation of huge amounts of fairly unstructured
data. Once the user community gets large, the OIBS system will contain huge
amounts of valuable pieces of information just waiting to be combined intelligently to
form innovative solutions to the needs of companies and the society. The technology
development subproject adopts the open approach that is basis for the content crea-
tion. It is based on enabling development of the web based applications collabora-
tively and has made the technology entirely open source. Specifically, the potential of
mash-up type of approach has been recognized for supporting community innovation.
As a relatively new concept, the project has a challenge to attract developers and con-
tent contributors.

Among several technologies to develop OIBS, mashups as hybrid web applications
play an important role in the system as they can combine contents from multiple web
sites into a single application. They have become popular because of the emphasis on
interactive user participation in which they aggregate and stitch together the data from
multiple sources. However, before mashups can make the transition from cool toys to
sophisticated applications, much work will have to go into distilling robust standards,
protocols, models, and toolkits. Due to complexity of the input information, most of
current mashup applications have limited functions and majority of them are based on
Google map applications [11]. Therefore, they are incapable of aggregating a large
amount of textual information.

3 The Idealet-Centric Knowledge Modeling Scheme

3.1 The General Idea

We suggest a knowledge structuring approach - the “idealet” that can help boost the
open development approach of both the environment itself as well as the content of
OIBS. Idealets can represent the knowledge embedded in the previously unstructured
text inputs at least semi-structured with the focus on the innovative components. In
this way, they allow new functionalities and services, like intelligent text analysis,
incentive mechanisms and reward systems to be developed and plugged on the core
OIBS services. In addition, by incorporating the text mining techniques into mashup
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applications based on the semantic representation of the input information, the
idealet-centric modeling scheme will enrich the knowledge being processed. The ba-
sic mechanism for semantics are provided using the “idealet” attributes and can be
enriched with user defined tags.

Our model is expected to increase the dynamics of the individual’s creativity by
creating an online environment where a conventional habit is easily exceeded. The
collaborative content production and intelligent content recommendation approach
together will significantly boost the possibilities of unexpected findings which are a
major innovation source. We conceive a new people-to-people interaction based ap-
proach to support the innovation system. This way, people with fresh ideas and people
with practical knowledge can effectively combine their forces in an open innovation
based social networking community.

To better illustrate the knowledge modeling scheme we narrow down our discus-
sion to open textual content systems, where the pieces of textual contents produced by
users are named as “essays’. These essays are short articles that may contain limited
multimedia information that are associated to some part of text information. As the
basic inputs, essays are contributed by content composers — a subcategory of users.
The idea behind this phenomenon is that the content users may take the role of con-
tent composers if they want to contribute. This kind of user-driven services has been
studied and advocated recently [4].

The essays in the open innovation system are short articles consisting of one or
multiple idealets. Fig. 2 shows the structure of such a system for managing shared
textual contents. The essays in the database are converted into knowledge via a se-
mantic network, which appear as the innovative ideas at the user end. There are three
user interfaces. The Innovation Services interface is the main one to content users,
which allows content users to create, edit, retrieve, summarize, aggregate, and market
essays. The System Admin interface is used to manage the system and services by the

Innovation Services:
Essay creating, summarizing,
Searching, marketing, aggregating, etc.
. System
Supporting Innovative Ideas Kdmin:
Services:
Knowledge Author account,
Copyright Configuration,
Management, Semantic Structure Security,
Contribution Backup/restore,
Evaluation, Auditing,
Annotation, -
IWetadata Data
MWanagement, E
Value-added (Essays)
serices

Fig. 2. The logic structure of an open innovation system with textual content services
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system administrators. The Supporting Services interface provides advanced services,
such as copyright management, essay evaluation, annotation, user-configurable ser-
vices, etc., mainly for those advanced or power users. The idealet-centric approach
can help composers to structure their essays in the way that will ease the access of
them. Most importantly, the essays organized in idealets with relationships among
them are more informative for mashups to aggregate innovative contents in better
quality to users.

3.2 Knowledge Modeling with Idealets

A semantic network based knowledge modeling approach for idealets can be applied
to the open innovation system with a specific focus on the identified innovative con-
tents. Idealets are then associated to each other with regard to their categories and
attribute values in conjunction with the relationship among essays. The attributes also
enable implementation of relevant models of structured discourse for argumentation-
based approaches [5].

When users input their essays they will be advised to input key information of the
essay as its attributes, such as the theme of the essay, keywords, references, category,
type of the essay, etc. Some of the attributes are generic and some are specific to
the context and user group (e.g. in the context of OIBS this ranges from course as-
signment with students to open ideation for thematic area, or locally or situationally
relevant issue, with elderly people). Importantly, inputting the attributes happens as
natural part or side effect of the process minimizing the user efforts. These attributes
obviously enrich the input information and will serve as a good source for the applica-
tions to mash multiple inputs up into a piece of new essay. Since an essay may
contain more than one idea, idealets then become the fundamental components in a
semantic network formed by essays. An example of semantic network for the rela-
tionships among idealets is shown in Fig. 3. There are two major types of relation-
ships among idealets — 1:1 Relation and 1:M Relation. Examples of 1:1 Relations are

ELINNT3

“extended from”, “referred to”, and “differentiated from”; examples of 1:M Relations
include “multi-referred to”, “integrated from”, and so on. In addition to the relation-
ships among idealets that represent the major knowledge structure of the essays, the
relationships among essays also form a semantic network at a higher level. The rela-
tionships among essays can be inherited by the idealets within the essays. Also, they
help discovery of relations among seemingly unrelated essays (e.g. as described above
on in the OIBS use cases).

It is worth noting that this idealet-centric semantic network is a customized
application of the semantic network method to meet the specific requirements of open
innovation systems. There has been abundant research in extending the classical
semantic network knowledge representation scheme that was very popular in the arti-
ficial intelligence research area. Recent relevant research efforts include those
in knowledge discovery and semantic web, for example, personalized knowledge rec-
ommendation [9], the application in discovering knowledge from computer-mediated
discussions [7], and automatic web content archiving [3].

The main purpose of an open innovation system is to allow users to exchange their
ideas and generate input for innovation process. This involves knowledge creation,
dissemination, integration, and refinement. Naturally, idealets become the elemental
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Fig. 3. The semantic network at the idealet level

unit of the knowledge in the semantic network. The essay is the carrier of idealets and
predetermines its idealets’ attributes. In this way, the two-level semantic network
becomes the basic form of the idealet-centric knowledge model.

Idealets in an essay are normally tied to each other closely as they are tightly inte-
grated together by a stream of textual contents. Theoretically, they can be identified
in terms of latent Dirichlet allocation (LDA) [1], which stems from the Dirichlet dis-
tribution, a family of continuous multivariate probability distributions characterized
by a vector of positive real values. LDA allows sets of observations explained by
unobserved groups which explain why some parts of the data are similar. Once the
vector of terms with their frequencies is generated from an essay, the terms can be
partitioned into subgroups according to the number predefined. In this way, the out-
come of an essay processed by the LDA model will be a set of idealets, each being
associated with a term vector that comes with the probabilities for each term. To en-
sure that the automatically created idealets are meaningful, the results of this process
may be verified by the one who submitted the essay — or by other members of the
community. Thus, this combined process would provide substantial boost in idea
processing, refinement and linking.

Our application of semantic network approach differs from others in that we focus
on the level of idealet and the formation of the semantic network based on combining
it with the web 2.0 approach. The better quality the description of the idealet is, the
more comprehensive the semantic network is, and the more likely the innovative idea
will be adopted. Therefore, essay composers have incentive to conceive their essay in
a way making use of the idealet-centric knowledge representation scheme. In the best
case, an essay composer can readily outline each idea with detailed information. By
default, there is only one idealet in the essay but the composer may specify number of
idealets. In summary, the idealets are identified by two approaches, either defined by
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essay composers or generated by the LDA model. Each idealet is characterized by a
vector of terms, each of the terms having a probabilistic value.

3.3 Idealet-Based Textual Information Processing

As the ideas are described by text (and optional media elements) it is important to
support textual information processing in addition to processing of the structured data
elements. Below we describe the basic textual information processing functions for an
open innovation system idea bank:

— Idealet search
Since every idealet is characterized in a weighted vector of terms, the search
for the most matched idealets is a calculation process of semantic distance or co-
sine-similarity between the query and the candidate idealets. This can be seen an
extension from the previous semantic network based search, which relies on the
semantic links among idealets.

— Idealet comparison
The “innovativeness” is an important criterion to justify the contribution of an es-
say. The weighted vector of terms for idealets allows the calculation of the distance
between two idealets to determine the extent of innovativeness - in case we choose
to use such a criterion as a measure of “innovativeness”. Again, this automatic
processing is meant as input for final judgment to be done by human users, and it
remains to be studied what would be the appropriate criteria in various cases.

— Idealet aggregation
Based on the enriched inputs of textual information in the idealet semantic network,
we will apply text snippet extraction technique to reconstruct an essay based on
many idealets [8]. Text snippet extraction is a special text processing technique
based on language statistical model to identify certain personalized patterns in a tex-
tual document for the applications such as web search engine construction, custom-
ized text summarization and automated question answering. Li and Chen proposed
that text snippet extraction can be generalized if a user's intention is utilized. This is
achieved by constructing and using statistical language models which effectively
capture the commonalities between a document and the user intention. In particular,
this approach first employs a document filter to retrieve a set of documents from the
corpus that are relevant to a profile representing a user’s intention. Since this step is
orthogonal to the subsequent text snippet extraction, any good filters can be applied
to retrieve documents. Typically, a document filter conducts a certain similarity
comparison between the profile and a subset of documents in the corpus which
contain at least part of the profile. Next, a pair of statistical language models is
constructed. One pertinent to the user’s intention and the other is independent of this
intention. Using these two models, two probabilities of each word in the relevant
document being generated by either model are calculated. In this approach, a rele-
vant document is treated as a sequence of words, each associated with these two
probabilities. Thus, from every relevant document, one or more snippets that are
deemed to best satisfy the user's intention can be extracted. In this way, the system
can overcome the rigidness of existing approaches by dynamically returning more
flexible start-end positions of text snippets, and is semantically coherent.
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When a user enters a string of keywords to summarize relevant ideas proposed by
others, the system will do the following steps based on the idealet-based knowledge
representation:

— Step 1: retrieve a number of relevant essays and rank them in accordance with the
semantic distance from the query

— Step 2: use a configurable cut-off level to keep those most relevant essays for
further processing

— Step 3: these top-N relevant essays are treated as one document and fed into the
text snippet extraction engine [8] to construct a new condensed essay.

This is in fact the main idea of text mining based mashup applications.

4 Implementing an Open Innovation System

Based on the idealet-centric approach, an open innovation system for text information
sharing is depicted in Fig. 4. The idealet-centric data model is built upon a network
infrastructure, normally the Internet or an intranet. These idealets organized by the
model are constructive blocks for open innovation services delivered by semantic
mashups, and technically implemented in the advanced methods, such as text summa-
rization. A series of services may be configured to form certain business processes
upon needs.

Innovation activities/Incentive mechanisms
Application Business processes
Configuration BPEL4AWS | External
=
s System Open innovation services Apps,
Manigers Resource,
& - . etc.
W | Open source | Functional components _
\y,)@;fj development Semantic mashups, text mining, Web services Wiki
Developers environment Annotatlon, summarization, etc eLibra;ry
System Blackboard,
y Idealet-Centric Data Model | Data interface| Goodle.
Management Twitter,
Admins Internet/Intranet

Fig. 4. The anatomy of idealet-centric open innovation system

There are four types of users: system administrators (Admins), who support the op-
eration of the system, service developers (Developers), who provide the evolving func-
tions of the system to users, project managers (Managers), who are leaders of specific
projects which are configurable upon needs, and normal users (Users), who contribute
the knowledge to the open innovation system. Users of the system could play different
roles, including idealet contributor, idealet reviewer, and idealet follower.

To facilitate different needs of the open innovation system, a number of utilities
must be available. In the left column of the system diagram in Fig. 4, the Application
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Configuration System is for project managers to define their projects, the Open
Source Development Environment is for service developers to enhance the functions
of the system, and the System Management module is dedicated for system admini-
stration purposes.

There must be several incentive-compatible mechanisms to guarantee the effective
operation of the system. For example, the following are the most important incentive-
compatible mechanisms for an open innovation system:

— The incentive for users to contribute idealets. The idealet contributors should not
be bothered by the copyright problem. Their contributions to the system must be
clearly identified and properly evaluated.

— The incentive for idealet contributors to input the contents in the way that can
better organize the text information for further processing.

— The incentive for users to follow the innovative ideas available in the system. Ob-
viously, the number of followers can well indicate the value of an idealet or a set of
idealets.

— The mechanism to promote high quality idealets that will attract better followers
and keep the thread moving forward. For this purpose, some users of the system
will be playing the role of reviewers of the idealets. Their contributions must be
accounted and encouraged.

S Concluding Remarks

This paper introduces the main ideas on how to implement an idealet-centric knowl-
edge representation scheme and how this scheme can be used for semantic mashups.
In particular, we demonstrate how the scheme would help in the development of very
large scale open innovation systems by tackling the challenging knowledge manage-
ment problems encountered when involving wide and diverse audiences. The combi-
nation of the idealet model and semantic mashup tools making use of both structured
and textual information processing are expected to provide value to idea contributors
as well as to those looking to their further processing as inputs for the innovation
processes. This should help boosting the initial adoption and scaling of use of OIBS
and other such systems, which is typically a major challenge in their successful
introduction. We may expect that successful development of very large scale open
innovation support systems would require the described approach of combining
automatic structured and textual content processing with the individual and commu-
nity judgment and efforts. To take this approach further, the research tasks, among
others, include the development of content aggregation algorithm, and experiments
using text corpus.
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