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I ABSTRACT

® Research, development and innovation are the pillars on which
companies rely to offer new products and services capable of
attracting consumer demand. This is why creative problem-
solving emerges as one of the most relevant skills of the
21st century. Fortunately, there are many creativity training
programs that have proven effective. However, many of these
programs and methods base on a previous measurement of
creativity and require experienced reviewers, they consume
time for being manual, and they are far from everyday
activities.
In this study, we propose a model to estimate the creative
quality of users' solutions dealing with heuristic problems,
based on the automatic analysis of query patterns issued during
the information search to solve the problem. This model has
been able to predict the creative quality of solutions produced
by 226 users, reaching a sensitivity of 78.43%. Likewise, the
level of agreement among reviewers in relation to the creative
characteristics is evaluated through two rubrics, and thereby,
observing the difficulties of the manual evaluation: subjectivity
and effort.
The proposed model could be used to foster prompt detection
of non-creative solutions and it could be implemented
in diverse industrial processes that can range from the
recruitment of talent to the evaluation of performance in
R&D&I processes.

e Keywords: innovation, information search, query pattern,
complex problem solving, machine learning.

RESUMEN

Investigacion, desarrollo e innovacion son los grandes pilares
sobre los que las empresas se apoyan para ofrecer nuevos pro-
ductos y servicios capaces de atraer la demanda del consumidor.
Por este motivo, la resolucion creativa de problemas emerge como
una de las competencias mas importantes del siglo XXI. Afortun-
adamente, son abundantes los programas de entrenamiento de la
creatividad que han demostrado su eficacia. Sin embargo, muchos
de estos programas y métodos se basan en una medicion previa
de la creatividad y requieren experiencia por parte de los revisores,
consumen tiempo debido a que son manuales y se encuentran ale-
jados de las actividades cotidianas.

En este articulo se propone un modelo para estimar la cali-
dad creativa de las soluciones elaboradas por los usuarios frente
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a problemas heuristicos, que se sustenta en el analisis automatico
del patron de consultas emitidas durante la busqueda de infor-
macién para resolver el problema. Este modelo ha sido utilizado
para predecir la calidad creativa de la solucidon de 226 usuarios,
alcanzando una fiabilidad del 78.43%. Asimismo, se evalua el
grado de acuerdo existente entre los revisores en relacion a las
caracteristicas creativas, evaluadas por medio de dos rubricas, y
constatando las dificultades de la evaluacion manual: subjetividad
y esfuerzo.

El modelo propuesto puede emplearse para la deteccion tem-
prana de resultados poco creativos e implantarse en procesos in-
dustriales diversos que pueden ir desde la captacion de talento a
la evaluacion del desempefio en procesos de I+D+i.

Palabras clave: Innovacion, busqueda de informacion, patrén
de consultas, resolucion de problemas complejos, aprendizaje au-
tomatico.

1. INTRODUCTION

Research, development and innovation (R&D&I) processes are
fundamental in the evolution of highly competitive industrial or-
ganizations, but they require strategies to reduce the risks inher-
ent in the knowledge exploration [1]. Innovation is conceived as
the medium through which the organization changes, either as a
reaction to its environment or proactively from within the organi-
zation. Therefore, innovation is the systematic search for improve-
ment in products, services or procedures through the generation
of new knowledge [2], this is, it is the process that starts from the
creation of ideas and ends with the implementation of the solu-
tion [3].

Human capital is the main resource that provides sustain-
ability to the organization and, therefore, both specific technical
skills and transversal skills contribute to the innovation process
[4]. In particular, creativity is a crucial skill in the generation
of novel and useful ideas that lead to innovation. Profession-
als from industry must explore knowledge to propose alternative
solution to solve problems, especially by heuristics. At present,
this is one of the most demanded transversal skills by employ-
ers when hiring professionals in general and, particularly, en-
gineers, because they face complex problems in competitive
environments on a daily basis. Thus, creative problem-solving
has become a crucial skill of the 21t century [5]. It has been
proved that participants with good performance in mathematics,
language or science do not necessarily have good results when
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solving unknown problems [6]. This skill demands an active pro-
cess of searching for alternatives, i.e. information, to develop
novel and useful solutions. Similarly, concept-association skills
have proven essential for the generation of creative ideas, since
the greater the amount, diversity, originality and elaboration
of associations, the better the opportunity for creative ideas to
emerge [7]-[9]. In this line, several authors have proposed the
inclusion of strategies that promote creative thinking during the
resolution of complex problems in the training of engineers [10],
such as: analogical thinking, which seeks the deconstruction of
elements to produce new ideas [11]; the brainstorming, which
seeks to generate and relate a large number of ideas [12]; the
checklist, which promotes the analysis of various points of view
of the problem; mental maps, which allows the structuring of
ideas [13]; the morphological analysis [14]; or the theory of in-
ventive problem solving (TRIZ), which is an algorithmic approach
to the innovation process [15].

Unfortunately, measuring creativity requires long procedures
in which experts on creativity have to evaluate it manually. Oth-
erwise, there could be low agreement among reviewers, and con-
sequently, low reliability. It has been evidenced that manual mea-
surement tools [16][17] have high reliability but their application
and review are time and effort consuming. On the other hand,
other manual tools to evaluate associative skills, such as «uncom-
mon uses» [4] or word associations [18] have a low application
time but they have a low inter-reviewer reliability, especially
when reviewers are not experts on creativity. In particular, there
are instruments that measure creativity of engineers who need
to produce original ideas within their job and have been used in
professional selection processes: Purdue Creativity Test, PCT [19]
and Creative Engineering Design Assessment, CEDA [20]. Those
procedures often involve activities that have to be explicitly and
directly evaluated, so they suffer from the problems already men-
tioned: long and tedious procedures with low agreement among
reviewers.

The challenge addressed in this study is to reduce the time
and effort to automatically estimate the creative quality of par-
ticipants' solutions using data from their interaction with a Web
search system during the information search to solve a problem.
We propose a user model that based on the diversity in the search
behavior, allows to automatically discriminate users' query issuing
pattern of those who elaborate more creative solutions during a
problem-based intervention, which could be applied in engineer-
ing educational and professional contexts. With this purpose, a
dataset was experimentally obtained which contains participants’
actions during the creative problem resolution. This dataset was
used to evaluate the quality of the proposed model regarding the
prediction of the creative quality of the solution.

The information search process is an interactive experience
in which the selection of pieces of information aims at extending
user's knowledge [21]. This process was recently validated [22]
and is influenced by different components: the User, the Search
Task, the Search System, the Environment and the Qutcome.
Each of these components impacts directly on the search behav-
ior. The user's search behavior is defined by all the actions that
he or she performs during the interaction with a search engine
in order to retrieve relevant or useful information, this is, entered
queries, used terms, retrieved documents, time spent, etc. Previ-
ous studies on the search behavior have focused on evaluating
the influence of different components in the process, such as the
domain knowledge [23][24], cognitive styles [25][26], the type
of tasks to solve [27][28], search system functionality [29][30],
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training sessions [31][32], etc. In this work a supervised learn-
ing model is trained with creative and non-creative participants'
queries entering pattern, since it evidences users' association
skill, and as mentioned, it is a relevant characteristic in the cre-
ative process [7]-[9].

Previous studies designed user models based on search be-
havior to predict the characteristics of the search process, such
as participants’ actions [33], their role [34], task difficulty [35],
knowledge of the domain [36] or creative quality [37]. User
models derived from behavioral data emerge in order to describe
which search strategies are followed by users. First, Cen et al.
aimed to explain user behavior through reinforcement learn-
ing models, which are trained with a behavioral dataset [33].
Second, Eickhoff et al. implemented a user model to predict
search success and user role based on a dataset of the search
behavior. Users' behavior was manually classified in two types of
categories: role and success. Data collected were used to learn
user models, and they achieved high precision: 76% for role and
77% for success [34]. Third, Arguello trained a model to predict
task difficulty based on a high number of search sessions, which
defined a behavioral dataset. Both cognitive and physical data
were extracted from the sessions, and a prediction was made
according to the first search attempt and with the complete ses-
sion, but the latter showed better results [35]. Fourth, Jingjing
Liu proposed a model to predict user knowledge about a topic
through their search behavior. A predictive model based on be-
havioral dataset showed a sufficient performance in the initial
stage (65.37%), similar to the middle and final stages of the
process (65.15%) [36]. Finally, Olivares-Rodriguez and Guenaga
defined an unsupervised model to analyze the creative solutions
in terms of the query issuing pattern. A clustering method was
used to discover a set of point of views from a dataset of que-
ries. These data were used to train user models and to detect the
creative quality of solutions [37]. To the best of our knowledge,
only this last study aimed at predicting the creative quality of
solutions [37]. However, it depends on both a huge number of
queries and on the user's ability to formulate queries [38]. On
the contrary, the model in this study proposes that the predic-
tion of creative quality or creative class of solutions depends on
the inherent diversity of queries, which can be achieved using a
semantic analysis.

Taking the above into consideration, the hypotheses of this
work are the following:

® H1: There is a moderate agreement among reviewers who
manually evaluate the associative skill linked to creativity
through «uncommon uses» developed by users. This would
support the difficulty of evaluating the creative quality of
participants by means of general rubrics.

e H2: The semantic diversity when users enter queries during
the Web information search (as a means to creatively solve a
challenge/problem), can automatically and implicitly predict
the creative quality of the solution. This would provide the
opportunity to build automatic and implicit tools to esti-
mate the creative quality of information search engine users
when solving complex problems in educational and profes-
sional contexts.

The next section presents the process to construct the pro-
posed model for the estimation of the creative quality. Section 3
provides the results of the study, while in section 4 a brief discus-
sion of the results is made to finally present the conclusions and
future work.
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GoNSA: Desafios

A continuacion te presentamos una serie de desafios, acepta uno y busca informacion para desarrollar una solucion creativa en un

periodo de tiempo fijo.

consumo_energia_hogar

Objetivo:

Reducir el dinero que se gasta por
energia en los hogares de tu
ciudad.

Resumen

El consumo de energia en los
hogares es cercano al 20% de la
energia consumida en el pais
entero y afecta directamente la
economia de las familias.

— Tiempo: 25 min.

Figure 1: GoNSA: the challenge interface: «Reduce the money spent on energy in your city's homes»

Desafio
N - o ©

Objetivo: Reducir el dinero que se

gasta por energia en los hogares de

tu ciudad COMO CALCULAR EL CONSUMO DE ELECTRICIDAD EN EL HOGAR

Descripcién: El consuma de energia
de los hagares equivale a gastar
cerca de 1,000 euros al afio.
Asimismo, existen en promedio 23
bombillas de diversos tipos en cada
uno de los hogares. Ademds, hay
cada dia més dispositivos
electrénicos consumiendo energia:
firgorifico, congelador, TV, Lavadora,
Secadora, ordenadores, tabletas,
etc. Finalmente, estos dispositivos
estan conectados casi todo el dia.

eléctricos del hogar; por

Consumo y ahorro de energia en el hogar y la oficina ...

ciudad de Rosario ...

Evaluacién del Consumo de Energia en el Hogar | PG&E

cuantas preguntas bésicas sobre su hogar y

Conceptos bésicos de energia en el hogar - fpl.com

estudio de energia en el hogar de FPL ...

Edenor Hogares - Consumo de artefactos eléctricos

ayuda al ahorro de ... del detalle de su consumo ...

(en los catdlogos y en las placas de los artefactos ... 1.800 + 1.000) da un consumo total de 4 ... los circuitos e

contribuyendo en reducir las facturas de los ... energia en el hogar, por ende, de lo que se paga en la ... realizado iie

La Evaluacién del Gonsumo de Energia en el Hogar es répida y fécil o (inico que tiene que hacer es contestar unas & B®

Existen varias cosas que usted puede hacer para ... Ahorrar dinero en su cuenta de electricidad ... y realice en linea und. @

Consumo de Artefactos Eléctricos: Tenga en cuenta que el uso responsable de los artefactos eléctricos en su hogar £ @

Figure 2: GoNSA: the information search interface: challenge (left) and results of query (right)

M

Métodos para reducir la energia: 1. Asegurarse que al marchar de casa no te dejes ninguna luz encendida. 2. Cuando te
laves los dientes asegirate de cerrar el grifo. 3. Dedicar més tiempo a la lectura que a la televisién. 4. Utilizar bombillas de
bajo consumo, bombillas “LED" 5. Intenta usar la luz solar de dia y no encender muchas luces, el sol es una energia
natural por o tanto es mejor usarla.

Enviar

Objetivo: Reducir el dinero que se
gasta por energia en los hogares
de tu ciudad.

Descripcién: El consumo de
energia de los hogares equivale a
gastar cerca de 1.000 euros al afio.
Asimismo, existen en promedio 23
bombillas de diversos tipos en
cada uno de los hogares. Ademds,
hay cada dia més dispositivos
electrénicos consumiendo energia:
firgorifico, congelador, TV,
Lavadora, Secadora, ordenadores,
tabletas, etc. Finaimente, estos
dispositivos estan conectados casi
todo el dia.

Biblioteca @)

COMO CALCULAR EL ®
CONSUMO DE
ELECTRICIDAD EN EL
HOGAR

Reducir el consumo de ®
energia en el hogar -
Comparadoriuz

Figure 3: GoNSA: the solution interface: participant’s solution (left), challenge (up-right) and library

(down-right)
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2. AUTOMATIC ASSESMENT OF
CREATIVITY

The proposed models aim at implicitly and
automatically estimate the creative quality of
solutions developed by users during the reso-
lution of heuristic problems, similar to real
cases in the industry. In order to construct
the estimation model it is necessary to have a
dataset with the information search behavior
and the evaluation of the creative quality of
elaborated solutions. This generates the nec-
essary evidence to later carry out the train-
ing and validation of a computational model
capable of providing estimates of creativity,
implicitly and automatically. Therefore, dur-
ing the intervention based on heuristic prob-
lems, it was performed: 1) manual evaluation
of creativity to the participants, 2) manual
evaluation of the creativity to the solutions
developed by participants, 3) extraction of the
dataset of the Web search behavior of all par-
ticipants and 4) construction and validation of
the proposed model for the estimation of the
creative quality of the solutions. The process
of obtaining the dataset and the characteris-
tics of the creative model is described below.

2.1. PROBLEM-BASED INFORMATION
SEARCH

As explained before, to build and validate
the model proposed in this work it is neces-
sary to obtain a dataset with users' Web in-
formation search actions. For this purpose, a
problem-based intervention was conducted
with a group of participants, who solved a
heuristic problem through a Web search using
a technological platform developed especially
for this research, named GoNSA. The partici-
pants' search behavior registered by this plat-
form was then manually assessed by a solu-
tion assessment process in order to train the
computational model.

Problem-based intervention was con-
ducted in Spain and Chile. There were a total
of 256 participants, 52.4% male and 47.6%
female, with similar age (M: 12.08 SD: 0.75),
knowledge base and skills, all of whom gave
their consent. However, none of the materi-
als used in this procedure can be considered
sensitive or offensive. Rooms equipped with
personal computers were used for the ex-
periment. Participants used web browsers to
connect to GoNSA, which registers actions
(queries, pages, clicks, etc.) performed by
participants during the information search
process to solve a problem. Fig. 1 shows the
interface that presents the challenge to be
solved; Fig. 2 presents the information search
interface where you can find a library to store
relevant documents and the complete chal-
lenge description; finally, in Fig. 3 the solution
interface is shown, where users write the so-
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lution to the challenge and they can consult the library they have
built during the search phase. Thanks to the GoNSA platform we
obtain queries issued by participants and evaluate them through
the proposed model.

We chose the design of heuristic challenges, as proposed in
[39], because the aim of this study is to promote intensive as-
sociations during the information search process and to simulate
a realistic problem-based context. The challenge is in Spanish, the
mother tongue of participants. It is open -there is a wide variety of
solutions-, general -within their daily scope-, realistic -similar to
real life problems in professional contexts-, and requires creativ-
ity, since it is necessary to integrate elements in order to elaborate
the solution.

In order to manually measure creativity, two rubrics were used:
the first evaluates the general association ability of participants,
while the second, specific to the problem, evaluates the creative
quality of the solutions:

® Association Assessment (ku). In order to validate the first
hypothesis, Spanish users' creativity was evaluated through
the «uncommon uses» procedure, using the procedure de-
fined by Benedek et al. [9], where participants have to write
uncommon uses of an object. Their answers are evaluated
using a Likert scale regarding Fluency, Flexibility and Origi-
nality. Even if this evaluation is quite easy, it involves a high
degree of subjectivity.

e Solution Assessment (ks). The solutions' creativity was eval-
uated to estimate the creativity level of each participant
by solving heuristic problems, this will be used as a label
to train the proposed supervised model. The rubric used to
evaluate the solutions is defined through four dimensions:
Novelty, Specificity, Workability, and Relevance. This evalu-
ation process requires a lot of effort for each solution [17].

The experiment was conducted by the main researcher of this
study through a face-to-face session in Spain and a virtual session
in Chile.

e The association assessment (uncommon uses) was made

with the Spanish group and lasted five minutes.

® The solution assessment was made by a heuristic problem-
based approach. Participants from Spain and Chile had 35
minutes to solve the challenge of «Reducing the money
spent on energy in your city's homes». During this time, us-
ers search for information entering queries using the GoNSA

Solucién del estudiante €ED

Métodos para reducir la consumicion de
energia: 1. Asegurarse que al marchar de casa
no te dejes ninguna luz encendida. 2. Cuando
te laves los dientes asegurate de cerrar el grifo.
3. Dedicar mas tiempo a la lectura que a la
television para ahorrar electricidad. 4. Utiliza
bombillas de bajo consumo, bombillas "LED" 5.
Intenta usar la luz solar de dia y no encender
muchas luces, el sol es una energia natural por
lo tanto es mejor usarla.

Dénde.

Completitud Implicacionalidad m
1 1B

Originalidad Aceptabilidad Implementa

1 18 B8
Paradigma Efectividad Aplicabilidad
1 18 1

>  El nimero de componentes
independientes en los cuales la idea puede ser descompuesta y la
cobertura en cuando a qué, cémo, cudndo, dénde, por qué y quién

Contiene una o dos partes de la misma dimensién, ej. Qué. o

Comprensién, con tres 0 més partes de distintas dimensiones,
ej. Quién, Qué, Cuando, Dénde.
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platform; they review the results and save those results or
documents they consider useful; and they elaborate a cre-
ative solution. Studies on user's behavior have found that
search sessions do not last more than 15 minutes.

® Three external reviewers with different professions, un-

known to each other, took part in the evaluation of the un-
common uses and the quality of the solutions. The review
was anonymous and it was made randomly using the GoNSA
platform. Reviewers were provided with the evaluation con-
text description, instructions, participants' artifacts (uncom-
mon uses and solutions) and rubrics.

Fig. 4 shows the solution evaluation interface, where the rubric
and its criteria is partially shown. Solutions' evaluations made by
reviewers are averaged to obtain the final mark for each user, if it
passes a minimum threshold a the solution is classified as creative.

Finally, after the problem-based intervention we obtain a
dataset with each user's search session (query pattern) and the
corresponding creative or non-creative classification, depending
on the creativity level assigned by the reviewers by solution as-
sessment. Our interest is to publish the dataset to contribute to
the development and validation of new user models, as well as to
ensure the replicability of experiments.

2.2. CREATIVITY MODEL

Considering that creative people are those who explore new
conceptual spaces, the proposed model is based on the diversity
of associations in information search behavior. It is computed us-
ing the dataset obtained from the experiment with users and the
solution assessment carried out by reviewers.

Equation 1: The aim of this function is to capture the diversity
of associations inherent to the pattern of queries, to estimate au-
tomatically and implicitly the creative quality of solutions elabo-
rated for the challenge d.

log!

$(Q) ~ Y dist(q},d) ()
q

Where dist is a measure of the diversity of a query for the chal-
lenge d, which is automatically computed. Meanwhile, f is a vector

> >
La relacién entre la accion
recomendada y la salida esperada

Implicancias no son definidas,
aunque son relevantes

Contiene dos partes de diferentes dimensiones, ej. Qué y

Implicancias no son
generalmente aceptadas o
vagamente definidas

Implicancias son claramente
definidas y tienen sentido €

Figure 4: GoNSA: part of the evaluation interface, in particular, participant’s solution and part of the rubric
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of similarities among the queries and c-concepts most relevant to H1: There is a moderate agreement among reviewers who man-
the challenge d based on Explicit Semantic Analysis [40]. ually evaluate creativity through «uncommon uses» developed by
In order to compute the query diversity function Wikipedia is  users. Table 1 shows the results disaggregated by each dimension
considered as the explicit knowledge source. However, due to the of the rubric and integrated in the weighted global evaluation,
great number of articles on Wikipedia, only those with 400 words  using Cohen's weighted Kappa coefficient. Fluency (0.56) achieves
or more in the description have been extracted and used during a moderate level of agreement among the three reviewers, while
the function computation. In order to obtain the diversity between  Flexibility (0.36) and Originality (0.38) reach a sufficient level of
the queries Qdu and the challenge d, we estimated the semantic agreement among reviewers, using Fleiss's Kappa coefficient. The
similarity of each user-issued query to the k most relevant con- inter-class correlation coefficient with continuous values was
cepts for the challenge. For this purpose, we calculated the simi- used to evaluate the inter-reviewer reliability in the weighted
larity of all concepts obtained from Wikipedia (7) with respect to  global evaluation.
the terms used in the challenge d, and they were ordered in a In conclusion, the global agreement was higher than the one
decreasing list to retain the part associated to the first k concepts proposed in H1, reaching a substantial level. However, sufficient
in the list Cdk. Finally, from this list Cdk we obtained the rows as- and moderate levels of agreement are seen when disaggregat-
sociated with each of the w words of each query gju, and we ob- ing by dimension. This shows the high subjectivity and low inter-
tained an average vector that represents the semantic distance to  reviewer reliability of this rubric to evaluate users' creativity.

the challenge (eq. 2). Fig. 5 shows the query diversity computation.

k u
: Fl 0.65 0.46 0.56 0.56
dist (g%, d) = 2Ca Wty o e
] |Vl/]u| Flexibility 0.52 0.28 0.28 0.36
Originality 0.41 0.35 0.38 0.38
Where Wju are the words used by the user u in the query j. Evaluation 0.74 0.68 0.52 0.64

. . . . . Table 1: Inter-reviewer reliability over association assessment (icu) by dimension
Finally, after transforming the initial dataset in function of the  gnq global evaluation

proposed queries' diversity model, a dataset is obtained represent-

ed by the diversity vectors ¢ and the corresponding creativity or

non-creativity labels of each participant. H2: The semantic diversity when users enter queries during the
Web information search (as a means to creatively solve a challenge/
problem), can automatically predict the creative quality of the so-

3. RESULTS lution. The diversity query model, ¢d, was used to train and test
Below, we show the results organized according to the hy- classifiers based on random trees, because it is a bagging model
potheses of this study. and reduces the overfitting. Results were compared with a model,
@ T Ta
- 'l - -
cniczicsi .. i Cld fO% [ O0 ) o L O
— N M —
w2 w3
w3 wa definitipn (w4
e B O SO S
D wess | definition (w283)
wl
wi
@ o ionicaicai . fon Q@ icuicauicui . | @ ichicaicui.. i
i L...definition (wd) : - 0.0 IO SURE NS WO -
""" wis S A A i wa | definitibn (wd) i
- s o <Ll SR S
w59
asan I N
@ Cta | C2a | C3 ks
et f
dist(q2) H
dist(q3)
Q)

Figure 5: Calculating the diversity of queries: (1) obtaining the K more relevant concepts to the challenge from Wikipedia (2) calculating the distance of each query
and (3) calculating the diversity of queries
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ov, that depends on k points of view, which are both similar to
c-concepts in our model and obtained by computing a clustering
method over a query dataset [37]. Several values for k were used
with the aim of analyzing the impact of the number of concepts
and points of view on the classifiers' performance. Models were
trained and evaluated using the diversity dataset. A leave-one-
out cross-validation schema was used in the quality evaluation of
models, and the sensitivity, specificity and space under the curve
(ROC) were used as metrics for the performance of the model.

3 52.04% | 53.31% | 46.15% | 61.86% | 65.34% | 57.37%
5 58.280% | 55.73% | 52.77% | 55.47% | 52.77% | 51.87%
7 58.71% | 55.92% | 48.12% | 58.69% | 54.39% | 52.87%
9 66.09% | 67.32% | 55.66% | 66.04% | 64.68% | 60.27%
15 65.29% | 65.68% | 52.65% | 62.68% | 66.94% | 57.93%

Table 2: performance of evaluated users' models for different values of k and a
o 55%

Table 2 shows the results obtained using a creative threshold
o of 55%. A better balance is obtained between creative and non-
creative solutions, while the model based on semantic analysis of-
fers a better balance between the correct classification of positive
and negative solutions, which is evidenced in the level of sensitiv-
ity (creative) and specificity (non-creative) achieved by this model.

3 58.73% |71.520% |25.20% |63.250% |78.43% |41.21%
5 62.95% |71.97% |27.50% |59.04% |80.33% |20.54%
7 62.35% |78.92% |24.10% |58.73% |76.86% |24.10%
9 63.43% |76.85% |22.89% |60.28% |83.94% |27.14%
15 63.99% [81.02% |21.06% |60.99% |80.88% |24.10%

Table 3: performance of evaluated users’ models for different values of k and a
o.60%

Table 3 shows the results obtained for a creative requirement
o of 60%. A trend is observed to correctly classify creative solu-
tions, due to the imbalance in the number of samples. However,
a sensitivity of 78.43% is reached in the Wikipedia-based model,
this is, the model is able to efficiently estimate creative solutions
compared to the model based on the points of view.

4. DISCUSSION

There is a wide variety of tools to evaluate creativity and solu-
tions' creativity, but they often require experience from those who
apply and evaluate them. So, if reviewers have little experience,
there could be a low level of agreement. Results obtained from
the first hypothesis show a substantial level of agreement in the
global evaluation of creativity, but the level is just sufficient or
moderated in the disaggregation by dimension. Therefore, such
general rubric is not suitable to regularly evaluate participant cre-

454 | Dyna | Julio - Agosto 2017 | Vol. 92 n°4 | 449/455

Automatic assessment of creativity in heuristic problem-solving based on query diversity
Cristian Olivares-Rodriguez, Mariluz Guenaga and Pablo Garaizar

ativity, because there are evidences about high subjectivity and
low reliability in such evaluation procedures.

The model proposed in this study contributes to reduce the
time and effort needed to detect the creative quality of solutions
elaborated by users. Contrary to the manual evaluation proce-
dures [16]-[18], the assessment proposed is computed both im-
plicitly and automatically during a problem solving task based
on query diversity. Consequently, it enables the development of
activities and procedures based on Web information search tasks
to implicitly assess creativity in both educational and profes-
sional contexts. Results are in line with the second hypothesis.
The proposed model obtains high levels of sensitivity (78.43%) to
the detriment of specificity, and it also achieved satisfactory re-
sults that balance sensitivity (64.68%) and specificity (60.27%).
Additionally, our user model based on query diversity has a bet-
ter performance than a previous model based on points of view,
which strongly depends on a huge set of queries to discover such
views [37]. Therefore, we think this approach opens the possibil-
ity of generating solutions that contribute to improve creative
quality of users and to implicit and automatically evaluate pro-
fessional creativity similarly to manual procedures such as PCT
and CEDA.

In spite of the good results obtained, it is possible to go into
more depth in similar studies in the future. First, we could use a
higher number of users' actions (queries, clicks, browsing, infor-
mation selection, etc.). Second, the inclusion of more concepts
could give the model more expressiveness. Third, demographic
variables such as gender, age or location could be integrated into
the model.

5. CONCLUSIONS

Innovation is a crucial process for competitive companies
and it is based both on the high technical capacities of human
capital and on the highly demanded transversal skills in the labor
market. We live in a knowledge society where huge amounts of
information are generated daily. Such context generates threats
and opportunities to solve information problems through efficient
search processes. In this context, the availability of a tool capable
of automatically and implicitly evaluating these processes con-
tributes to the generation of new problem solving scenarios in
order to automatically estimate the creative potential of profes-
sionals. Thanks to such tools, technologically improved platforms
would be able to detect extreme cases and develop an early and
effective intervention plan of industrial process, that can go from
the capture of talent to the performance evaluation of R&D&l pro-
cesses. Assessing not only creative solutions, but heuristic problem
solving processes, would be also possible using this kind of tools
in order to better understand how we manage information during
innovation processes.

Finally, the time and effort to evaluate the creative quality of
solutions were reduced in contrast to manual procedures. There-
fore, systems based on the model presented here could be used
to automatically assess millions of search patterns and obtain a
better understanding of the knowledge acquisition and informa-
tion management of engineers doing innovation. Also, the pro-
posed model outperforms previous works based on a clustering
method, which depends on a huge set of queries. Further research
is needed in this area, but this study presents an effort towards
the improved assessment of users' creative quality through auto-
matic and implicit technological tools, which could be applied to
both educational and professional contexts in order to promote
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creative search, recommend creative associations and enhance in-

novation strategies.
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