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Abstract—The creativity phase is the first step of the
innovation process. Indeed, the innovation process based on a
first idea. During creativity workshops, engineers work
together in a collaborative way to generate new i@ds. They
follow the creativity process based on different pases: discover
the topic, apply the creativity methods, generate deas,
formalize ideas, share and evaluate their ideas, ¢ select the
innovative ones. Up till now, the creativity workslops used
simple tools like paperboards, post-its or idea sle¢s to capture
ideas. These tools are not efficient in regroupinghe ideas and
categorizing them into clusters defined by some thees. In this
paper we describe a Natural Language Processing bassystem
that helps participants in creativity workshops to cluster and
classify their ideas.

Index Terms—Creativity, Semantic Similarity, WordNet,
Multi Agent System, Idea Classification

I. INTRODUCTION

Giving life to ideas and visualizing innovative cemts
trough a numerical system can be a hard task tewaeh
in the scientific world. The process of generatirgv ideas
involves mixing different concepts, such as: disgy
creation, sociability, refinement and communication

Although in the literature the scientist have usedre
than 80 definitions to describe the creativity @ss[8], the
most popular is the one given by R. Sternberg [2&]ting
that the “creativity is the ability to generate newseful
things that are characterized by being novel
appropriate”. This definition emphases the charistics of
the creativity process, as the results need todaptad and
related to the real-life experiment.

In general a creative work of art is considered¢othe

collaboration and interaction between differentividlials
who participate in the creativity process [12]. 9lé due
mainly to the fact that each individual has hisspeal skills,
originality, knowledge and expertise which will &tr the
creative solutions and easily build the road towamnkative
and sustainable solutions [1].

Furthermore, when establishing scientific collaliors
between computer scientists and domain specialigts,
significant acceleration of the development of ajgat can
be observed, compared to the work of a singletétientist
[28]. The collaboration process can be done usifigrent
creativity support tools, which need to be adap®dhe
nature of the project under construction. With Hedp of
today's modern computer-based environments, the'suse
capability to discover and invent can be improveden
from the early stages of the innovation processapted
applications can guide the used to generate ideanulate
clear hypothesis and different working alternatives
gathering proper information until the later stagek
validation, refinement and completion of the cnétti
process.

Due to an increasingly competitive production irtdys
concepts such as creativity and innovation haveneghi
popularity, but the topics are quite new in theldfief
computer and information science. As a standingfpod
the interest given to the creativity process, wa ci#te
several excellent books on creativity [14][11][19];
unfortunately none of them relate to the termsaafitiputer

andols”, “user interface”, “interactive collaboratio

According to Ben [3], when building innovative ctigdy
support tools, there are some principles that shdg
respected, as the tools must : support the expigraearch
(search services which allow ranking, clusteringanizing

creation of an individual, but the most complex andnd marking), enable collaboration in the commurify

innovative results have been obtained when theaesisong
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social creativity, provide rich history-keeping,opide an
easy design tool which can be easy to learn antl dpp
beginners.

The organization of collaborative meetings is usu#bne
in advance, and placed in co-located settings. et
progress of the meeting can be achieved in a speots
way, as the individuals working together have aursdt
tendency of quickly exchange opinions.

Studies have shown that individuals working togedrel
using traditional communicating methods such as: @ed
paper, printed documents, reports, paperboard,ttebdtter



organize their ideas and thoughts around horizandhces
(tables, desks) [21]. But when moving to digital dise
(getting around a PC or working separately on tlogin
laptop, listening to a video-conference), peoplseldahe

already exist. The third section of our paper dbserour
approach for building an intelligent system basachatural
language processing, and the fourth section prestr
model we use to apply our approach. The last sedktails

feeling of having a comfortable and a productivehe results we had during a creativity workshop.

collaboration. Recently, several research stuftiess on
how to choose a modern interactive tool (or even
collaboration ecology) which simulates the creativi
collaborations [24][13][17].

Nowadays, the creativity is considered to be thg tke
new successful ways of conducting a project, eittein the
educational field (professors looking for new tdagh

a [I. CREATIVITY METHODS

A. Collaborative Creativity Process

Creativity is a subpart of the innovation processcv can
be considered as a result (that permits to quatifpbject or
a service as creative), or as a process itself[7].

methods or student projects) or in the businessaiftom Numerous models have been created to describe the
(companies seeking for success through innovatiaseativity process, firstly according to the indival
products). As a consequence, many companies aexperience, as the Wallas models which containsteds:
professional freelancers invest in the training tbeir (1) preparation, (2) incubation, (3) illumination(4)
employees, by participating in creativity workshopsder verification, and secondly, according to a collegti
the supervision of a creativity expert which ledads way approach based on interaction and group dynamithes
through the workshop. As an example, the ArtSciend@sborn’s Creative Problem Solving (CPS) model [T5je
Annual Innovation Workshdphosted by Le Laboratoire in latter has been improving and getting modifiediinet and
Paris, France, gathers students from all aroundwiwd by different authors. The one which we considerecttis
towards highly innovative art and design ideasattfers of the five steps CPS which is composed by the foligwi
science. Another example of educational creativitgteps: (1) finding the facts, (2) finding the prk, (3)
workshop is the annual Creative Practice Bootcéamiph is  finding the ideas, (4) finding the solutions, afj finding

held in Nashville, TN, where students learn howapiply —an acceptance [20].

creativity methods such as Brainstorming [9], Bpairge In the literature, we observe different strategeassist a
[25] or Brainwriting [10]. We can also notice arci@asing group into the generation of ideas. Some strategedased
number of companies which get involved in the besén on heuristics and allow to describe the “designcepa
creativity workshops, as they seek for new ideasrioter according to simple rules [29]. Innovation methedsh as
either to develop their products, or the markettigtegies. as TRIZ or creative methods such as SCAMPER can be

Such an example is The Creative4Business WorksHogld
regularly in different cities around the world, whiaims at
helping the participants to generate, filter andraet the

classified as heuristics [29]. In opposition to dshe
approaches based on rules, there are certain tpeEw¢i
based on the fluency of the team members. Thestegies

most original ideas. But all of the above mentioneflave been classified into five categories [2]: algmns,

workshops relate to the traditional pen-and-papethods,
not being able to process and to filter ideas aatmally as
the creativity process unfolds.

analogies, bending, oneiric, and forced meetingr Fo
instance, brainstorming and all its variants, asrvritting
[2], Brainpurge [25] and 635 method [2] can be siféed as

Two of the most utilized creativity methods are theén associative method.

Brainpurge and Mindmapping [5]. Recently, S. Buésin

proposed in [4] an experiment based on these twhads:
they used an augmented multi-user
DiamondSpin Toolkit [22] on which they carried digea
problem solving sessions; the same sessions waiedtaut
using pens, paper, and flip charts [25]. Finallje t
subjective evaluation showed mixed results becahse

tabletop system

B. Systems for supporting the creativity process

Recent studies [20] have shown that the creatmiyhod
starts with the brainstorming, and different coufagions
are being experimented according to the supportiwis
being used, the sharing of ideas or the composifothe
group. This is known as Electronic Brainstormingstgyn

majority of the users preferred pen-and-paper foe t(EBS)[30]. Furthermore, the Mindmapping techniquasw

Brainpurge, but were using the digital tabletop tbe
Mindmap method.

The above studies and experiments lead us to pecpos
intelligent system which is able to classify, ragrp and
make links between new ideas which are generateidgiu
the Brainpurge method, in order to automaticallyldoa
Mindmapping afterwards.

The second part of this paper presents a stateeddrt of
the creativity methods and the creativity suppgstems that

L http://www.artsciencelabs.org/the-labs/
2 http://curbcreativecampus.org/project/boot-camp/
3 http://www.creative4business.co.uk/masterclasses/

adapted to computers, and more recently, heuristetiods
such as TRIZ[6]. All these attempts to help theativity
through the computer is a part of a more generptcagth
which is the Computer Assisted Creativity (CAC)[1@jich
attempts to give technical assistance to humarwder to
stimulate their creativity [16].

Globally, the creative support evolves from a sngl
technical support to a more general approach thagd
organization and communication through the GrougtéSy
Software (GSS), the Computer-Supported Cooperation
Work (CSCW), or even the Idea Management System
(IMS)[27], which are more oriented towards Knowledg
Management. A mixed approach of all the previously
presented methods is given by the Creative Supfystem



(CSS)[26].

realize the semantic regrouping between the wordighy

Current works have been concentrating on creating heve been proposed by the participant in the cfibati
system which will bring methodological, organizatib and process.

communicational support to the creativity procem®ugh
an agent-based system, which will manage and digalai
the knowledge created during the creative challeiipece
main actor configurations have been brought olitofathe

V. SEMANTIC REGROUPING

In order to assist the participants during the rbairge
method, the

implemented system proposes a word

actors are on the same place, part of actors peeated and  categorization, which requires grouping synonymdseand
all of the actors are in separate places. Accorttiinthese connecting these groups (or words if there is onedvper

different configurations and the degree of asstgtamhich is
needed, the system will adopt different automdtitegies.

group) with links towards the semantically closgsbup.
This will finally lead to several graphs or a sedlut bigger

brain purge which is a creative technique appliedha
beginning of the creativity workshop. The goal dist
technique is to purge participants from traditiorsaid
obvious ideas, even if the method can be used tergee
rapid ideas [25].

way or another.

This step of word categorization (or regroupingpigy
applied on the words which have been entered by the
participants during the first step of the braingrumethod.
The output of this step is a graphical represemtatif the

relations among the entered words, with suggestioins

[ll. OURAPPROACH

group names or themes that were not brought up by

In this section we describe our approach to help tiparticipants, but instead, are found by the systeough the
creative participants to cluster and classify thadas during word categorization phase.

a creativity session. We apply our approach to liren
purge method where the creative participants expthskeir
ideas regarding the proposed subject. The ideasvidtten
with a sequence of words. Our approach is basethen
identification of semantic links between these vgoahd
their clustering.

Our system follows a process of nine steps:

» Step 1 the system proposes to the stakeholders t&
write the subject in the system; by stakeholders wg
denote the persons establishing the subject (the
main theme) on which the creativity process will be
applied.

QS
Ry

Fig.1 Categorization of words and theme suggestion

Fig.1 shows that, given a set of words, the system

* Step2: the system proposes to the stakeholders fgqroups them into categories and even suggebtsmetthat

define the keywords that they are interested in;

relates two groups (th&theme for example).

* Step3: the system builds the ontology about the This regrouping and categorization can be of atgnelp
themes by searching the semantic links in thgy the participants as it suggests them some auatibins of

WordNet ontology.

words that trigger new ideas in their minds, whitlould be

« Step 4the creative people write the words and buildhdded to the other generated ideas in this stagéhef

a cloud of words

creativity process.

+ Step 5: the application counts the words whichehawve enumerate several advantages for using the above
been introduced by the creative individuals andescribed method:

emphasizes the words when they are repeated.

» Step 6: the users connect the words according to
personal and subjective criteria.

e Step 7: the application counts the links made ley th
users between the words: it counts how many links
have been defined between two different words.

e Step 8: the system compares the links made by the
users with the links of the ontology and will dipl
the new relationships that haven't been discovered
yet.

» Step 9: the system proposes new relationships which
haven't been yet explored by the participants.

e Step 10: the users take into consideration the new
suggestions made by the system.

o Step 11: the application will displays the mind
mapping tree based on the above steps.

In the next section we present the algorithm weehssed to

Some ideas would have never been discovered if this

system categorization technique would not have
been used, which fulfills one of the broad goals:
coming up with new ideas.

e The human nature tends to forget the previous

streams of words which have been generated during
the purge creativity method, and instead they only
on the latest streams (this was mostly observed in
the workshops we held or participated in, such as
the “48 Hours of Generating ideas” [31]). By using
our approach, this problem is practically elimimate
since the system takes all the previous words into
consideration when doing the word categorization.

If word regrouping is not applied immediately after
the word collecting, but only when all the
participants finish to generate their ideas based o
their own perspective of the mind mapping method,



this step will suggest and point out new ideas ar
solutions of the targeted problem
In order to address this task of regrouping thedsor
according to their relevance, we faced the follgnssues:
» Should we opt for a bigger number of fine graine
groups, or for smaller but larger groups?
Should there be some entered themes so that i
system will try to relate each word to the close: T
theme? Or the system itself should offer to the us
the themes of these groups? T
Will it be possible that an entered word will be ¢
name of the group? Should we allow ongoini
human intervention while generating the graph ¢
leave the spontaneous creativity process continue

* When should we consider that two terms are nu.
related? Should it be flexible and dynamic? Usetig.2 finding the first common hypernym of two werdsing bidirectional
defined? Or predefined and hard coded? search.

» The most challenging issue was to measure the
relation between words, and translate thes
measurement into numerical data, so we can apj
the comparing step between the words.

For N words, we will have a number of pairs eqtais

N—1 i = (N=1)*N
_In our current approach which measures the semantchnd for an average of M hypernyms per term, if the
distance between two words, we used WordNet, wisch . )

: . shortest distance between two terms is D, themthaber of
a lexical database for the English language [32jrdMet . e

. : nodes required for search until finding the common

groups English words into sets of synonyms cadlgtsets o

! L hypernym is:
provides general definitions and records
various semantic relations between different setsof

synonyms. These relations vary, based on thedfmerd.
In this approach we use the hypernym relations chwlis
defined asY is a hypernym of X if every X is a kind dfor
more details please refer to [32][33]).

D
2x M2

This is a lot more efficient (in terms of speed arsd
memory) than if we start from one word, and keepcking
for its related nodes till we find the target wor@hat

When computing the distance between two words, Wghproach would need WNodes to search before finding the

count how many links are required to go from thessy of

same result.

the first word to the synset of the second wordr Fo After f|n|sh|ng this step, the system connects wWards

efficiency, we used the bidirectional search aloni to
calculate the shortest path between two synsegtalts by
searching for all hypernyms (for each of the tworde) in
the lexical graph of each word, by querying Wordblebut
hypernyms as needed; consequently it builds twelgra
gradually, until a common hypernym is found betwdwse
two (Fig.2). This way we guarante that any two veovdll
have at least one common hypernym, which is theabthe

according to their similarities (after applying som
processing on the distance and normalizing it, se the
highest score), then gives participants the choiceither
accepting it, or modifying it according to theikds; they
can merge groups, taking one word from a grouppartting

it in another group, or even change the theme namésask
the system to redraw the graph according to siitylavith
these themes. All of this is done on a touch screkich

whole WordNet graph. After reaching the commongciitates the Mindmaping method and makes it more

hypernym, we calculate the number of steps it timokeach

intuitive while being enjoyable.

this common node from each word and sum up the two

results. We apply this procedure to all the possibl

combinations between two words; for each word weosk
the closest to it, and according to a user defiadde, the
system decides if these two words are in the samepgor
should be used separataely.

V. EXPERIMENTATION

We have experimented our approach during the ergati
workshop “48 Hours to generate ideas” [31]. To supthe
creativity workshop we have developed a websitdedal
“48H Innovation Maker”. In this website we havedgtated
our approach to assist the regrouping of ideas.oun
interface, the creative participants write all thideas on the
proposed subject using one word at a time. The mminu
offers them three options:

* Words Form: where they can write their words
related to their ideas;

 Words Cloud View: The system generates a Tag
Cloud with the words proposed by the participants.



The Tag Cloud is based on the statistical anabfsis
the frequency of the proposed words. The Figure
shows an example of the Cloud Tag built for thg
creativity challenge: “How to help seniors
increasing their way of life using digital systerhs?
We can observe the words “Assistant”, “Digital”,
“Intelligent” and “Touch” are the most proposed by

Trnovas on
Mawer |

48h to generate ideas !

the participants.
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Fig.3 Word Cloud generated by the system for thgesit “How to help
seniors to increase their way of life with digisgtems”.
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Fig.3 Words Regrouping generated by the systerthiosubject “How to
help seniors to increase their way of life withitigsystems”.

VI. CONCLUSION& PERSPECTIVES

In this article we have developed a first Naturahguage
Processing based System that supports the BraigePur
method during the creativity challenge. The systssists
the creative participants to highlight the wordhjck are the
most spelled by the creative team, and proposegrauping
of these words based on the calculus of semantic
relationships.

The next step of our work will be to generate adnin

« Words Regrouping: The system generates somemnapping system based on the clusters to help thetice
clusters with the proposed words of the participararticipants to identify the main themes emergiray the
by using the semantic regrouping algorithm. Figurél’ain purge method. This first result will allowetgystem to
4 presents the clusters generated for the abo@ssist the creative teams during the other créatinethods
creativity challenge. The system calculates all theuch as the Reverse thinking, the analogies, theceion,

relationships between each word, and eliminates tigc.), and

reuse the themes which have been figenti

words which have no relation with the cluster. Theluring the brain purge method. We expect that gstesn
name of the cluster is taken from the words whickill facilitate the creation of new ideas duringthreativity
has been frequently used by the users. For examptéallenges.

the two clusters proposed by the system in Figure 3

are called “Interface” and “Digital”.

Table 1
exposes the result of the algorithm for the clusteni]

Interface.
Term A Term B Semantic Similarity Score
Interface Touch 0,7
Interface Avatar 0,6
Interface Button 0,72
Interface Awareness 0,7
Interface Connected 0,68
Interface Direct 0,5

Table.1 Semantic similarity score for the clustatérface”

We observe that not all the words which have beed’]

proposed by the creative participants were use¢deénVord
Regrouping. Indeed, some words have no relatioashith
the others. The system cannot build a new clusitirthvose
words. In our experiment, this is the case for wwrds
“Alone”, “Care”, “Old”, etc.
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