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Abstract—Existing lexical-semantic resources are costly in terms
of building and maintenance and might be incomplete concerning
the knowledge included. Manual development is expensive alt-
hough it produces high quality knowledge. The overall aim of our
research is to build high-quality resources that can be used for
different kinds of semantic services such as meaning extraction,
data integration and linking, semantic search, and semantic visu-
alization. We propose crowdsourcing as a solution to build and
maintain multilingual lexical-semantic resources. In building the
resources we differentiate between language-independent and
language-specific levels. We have designed a framework for the
localization of lexical-semantic resources. In order to evaluate
and refine it, we are conducting user studies. In this paper, we
describe our framework and the results of the preliminary user
study performed on expert users. We plan to gradually involve
common users (the crowd) in the localization process, that is, in
the production of the lexical-semantic resource in different lan-
guages.

Keywords—crowdsourcing; multilingual lexical-semantic resource;
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1. INTRODUCTION

The varying quality of existing lexical-semantic resources
such as WordNet [1] influences the quality of services and
applications that use them, such as meaning extraction, data
integration and linking, or semantic search applications.
There are a number of efforts to build such resources in differ-
ent languages as in, e.g., [2]-[5]. While these efforts demon-
strate the feasibility of manual translation on such resources,
various issues remain concerning the quality of the knowledge
created in this way: incompleteness, redundancy and ambigui-
ty hamper the usage of lexical semantic resources in applica-
tions such as data integration and linking or meaning extrac-
tion.

Lexical-semantic resources can be built using different
techniques. Manual development has demonstrated to be ex-
pensive in terms of required human power, but highly valuable
with respect to the quality of the resource produced as claimed
in [6]. Human computation, for instance crowdsourcing and
gamification, has been extensively used in translation projects
such as in [7]-[11]. While crowdsourcing involves great
amount of humans to solve different tasks, gamification uses
games to get humans solve tasks that computers can’t do [12].

The Universal Knowledge Core (UKC) is a knowledge
base developed at the University of Trento. It is designed as a
multilayered ontology that has a language-independent (se-
mantic) and a language-specific (lexical-semantic) layer. In
this respect, it provides mappings of common lexical elements
from different languages to formal concepts. The UKC is ver-
ticalized along language-specific vocabularies. At the mo-
ment, vocabularies exist at varied levels of completion for
nine languages'. This verticalization can’t be fully automated
and requires manual effort. In order to implement this process,
we have designed a step-by-step language development work-
flow that leverages on human knowledge and skills.

This paper establishes a software framework for expert-
and crowd-based building and maintenance of multilingual
lexical-semantic resources. This software framework imple-
ments the development workflow. This development work-
flow includes:

* free translation from existing resources, e.g., of Eng-
lish glosses;

¢ lexicalization by adding lexical or semantic elements
form scratch;

* reuse of existing resources, e.g., automated conver-
sion of an existing WordNet-like resource;

¢ validation of lexical or semantic elements.

The goal of the framework is to accelerate the develop-
ment process while providing quality control mechanisms
over the input through the design of interactive interfaces.

The paper is organized as follows. Section II gives a brief
overview of the state of the art. Section III describes the UKC
architecture. Section IV presents our approach for
crowdsourcing language development workflow. Section V
describes the current expert-based system that we have im-
plemented and the results of validation. Future work is pre-
sented in section VI.

II. STATE OF THE ART

Our work is situated in a larger area of crowdsourced transla-
tion projects.

BabelNet [13] is a large multilingual semantic network
created by automatically merging WordNet senses and Wik-
ipedia entries. For the missing lexicalizations BabelNet uses

' The languages included are: Italian, Chinese, Mongolian, Hindi, Bengali,
Spanish, Catalan, Galician and Basque.



Google Translate API” to translate sentences from English into
specific languages. After that, they create a set with the most
frequent translations for a specific term. Expert annotators
validated translations in five languages: Catalan, French,
German, Italian and Spanish. The BabelNet team has devel-
oped their own video games [14] for the validation of seman-
tic relations and sense-image mappings. The manual valida-
tion of the elements included in BabelNet covers a very small
proportion of the total suggesting that the resource may in-
clude incorrect content.

Duolingo® [15] is a website that leverages on gamification
where users can learn languages. The underlying aim of Duo-
lingo is to have common people to translate text coming from
different sources since machine translation is not good enough
and professional translators are costly as stated in [16]. Duo-
lingo helps people to learn a foreign language by asking them
to translate sentences from that language to English, starting
with simple sentences and advancing to more complex ones as
user’s skills increase. The game provides one-to-one diction-
ary translations of individual words, but players use their ex-
perience to see what makes sense in context. Duolingo is
mainly focused on translation rather than building a multilin-
gual lexical-semantic resource. The crowd to which Duolingo
is aimed is willing to learn a language while the crowd needed
to build and maintain our resource has to be bilingual and
moved by other type of motivation such as satisfaction to con-
tribute to the community.

Wikipedia®* is a well-known online encyclopaedia whose
content is built and maintained by crowdsourcing. It offers the
content in 284 different languages. In spite of the efforts to
validate the huge amount of existing articles some errors can
be found in localized articles. Also due to disagreement of the
authors some inconsistences might appear [10].

III. UKC ARCHITECTURE

The UKC is a multilingual knowledge base that contains a lay-
er of language-independent ontology of concepts called con-
cept core, connected to a set of language-dependent vocabular-
ies, as shown in Fig. 1. The UKC includes other layers such as
the entity core, the natural language core and the domain core.
For the shake of clarity they will not be described here since
they are out of the scope of this paper.

Just like in WordNet, a vocabulary consists of word forms,
lemmas, senses, and synsets, sets of synonymous words, with
the addition of the notion of lexical gap that denotes missing
lexicalizations in a given language. The concept layer thus acts
as a hub for the lexicalization of concepts in different lan-
guages.

A Local Knowledge Core (LKC) can be seen as a working
copy from the UKC of the concept core and two vocabularies:
English and its corresponding localization. The process of lo-
calization is executed in the LKC. If new concepts are locally
created, they will be added to the UKC during the synchroniza-
tion process.

? http://research.google.com/university/translate/ Last accessed: 04-August-
2015

? https://www.duolingo.com/ Last accessed: 04-August-2015.

* http://www.wikipedia.org/. Last accessed: 04-August-2015.

Developing a multilingual lexical-semantic resource such
as the UKC is a challenging task that requires a scalable soft-
ware framework to allow the development of the vocabularies
and ensures high quality of the resource.
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Fig. 1. Sample of the concept core and two vocabularies
where there is no word in Italian to express the action of bik-
ing so it will be represented on the synset level as a lexical

gap.

IV. CROWDSOURCING DEVELOPMENT WORKFLOW

Our research concerns the development of a high-quality mul-
tilingual lexical-semantic resource, the UKC, in a scalable
manner mainly through human effort. In order to support
scalability while maintaining high quality we make use of the
following techniques:

* reuse of existing resources where allowed by their li-
censes;

* expert-based manual translation from resources in
other languages;

* crowdsourcing in order to accelerate development.

These techniques are integrated in the framework presented
in Fig. 2. The novelty of the framework proposed relies on:
1) the UKC that allows interoperability among the languages;
2) the design of a step-by-step language development
workflow to ensure the quality of the content of the UKC
during the language development process. Quality is
guaranteed thanks to the definition of three user roles. Every
registered user will have one role assigned and they will re-
ceive assignments, sets of tasks to be completed via the User
Interface (UI). These roles are:

*  LKC developer is the main contributor who builds the
target resource (e.g., by translating from a source or
by providing lexicalizations from scratch);

*  LKC validator evaluates the translations produced by
the developers and the new terms they have intro-
duced,;

*  LKC manager is in charge of evaluating if validators
have assessed correctly developer’s work. The LKC



manager is also in charge of synchronizing the LKC
with the UKC by merging their contents.

The quality of user’s contributions will be also guaranteed
by measuring their performance. The performance will
represent the reputation of a user in the system. Initially,
performance will measure the number of tasks completed per
time unit and after, we will improve the algorithm to also
include the quality of the result of every task. The result of this
algorithm will represent the reputation of the user. The
reputation values will be higher if the results produced have
high quality.

3) The gradual involvement of crowd users by the development
of the three systems that compose the framework.

e  System I uses experts in the role of LKC developers
and LKC validators. An expert is a person whose
mother tongue is the same as the vocabulary under
development, has a competent level of English and is,
at least, Bachelor student. They will have to complete
different assignments according to their role.

*  System 2 engages crowds in the language develop-
ment process. Crowd users will assigned the LKC de-
veloper role. On the other hand experts, in the role of
LKC validators ensure that the assignments are
properly completed. In this system the first incentives
will be applied to engage users in the development.
Also a preliminary reputation algorithm will be used
to obtain insights on the performance of users.

*  System 3 engages crowd users both in the develop-
ment and in the validation process. Incentives will be
improved and new models can be created understand-
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ing which pair incentive-task produced the desirable
results in terms of human satisfaction and task per-
formance.

Systems 1 to 3, implemented in this order, involve the
crowd gradually. The sequential order of the creation of these
systems will help us to foresee the requirements in their devel-
opment as well as to understand what users would expect or
need when working with a framework like this. We plan to run
several user studies along the development of the framework to
evaluate such systems and with the results obtained from these
studies, we will improve the current system and move progres-
sively to the next one by the addition of new features.

V. CURRENT IMPLEMENTATION

Here we report, in a detailed manner, the architecture of Sys-
tem 1, in which expert developers complete specific vocabu-
lary development tasks and expert validators assess their per-
formance.

A. System Description

As shown in Fig. 2, initially the LKCs can be created by au-
tomatically importing an existing WordNet project. The im-
port is performed using a Java programme that takes the origi-
nal files and creates new ones with the format required to cre-
ate the corresponding resource. Also, an LKC can be created
by relying on experts who create it by translating lexical items
from the English WordNet into the language to be developed.
Development tasks are completed through a dedicated UI. In
Fig. 3 we present the interface for validation where an expert
validator accepts or rejects translations made by an expert
developer. On the left hand side of the image is presented the
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Fig. 2. Framework for expert and crowd based building and maintenance of multilingual lexical-semantic
resources. The UKC allows language interoperability. Every LKC allows the development of a specific
language. Users develop the LKC via the UI by completing assignments.
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Fig. 3. The LKC validator view of the concept ‘vineyard’ translated into Bengali. The translation can be

accepted or rejected.

task in English, the reference language. On the right hand side,
the expert validator can see how the expert developer has lexi-
calized it.

B. System evaluation

We have run a small user study to assess the functionality of
the UI in System 1 of the proposed framework and also to bet-
ter understand users’ needs and expectations.
1) Experiment design

Participants were professors and students from Bachelors to
PhD from universities in China, Mongolia and Bangladesh.
The total number of participants was 15, male and female.
Their age ranged from 21 to 50. The experiment run from De-
cember 2014 to February 2015. The distribution of the roles
was made according to the level of education of the partici-
pants: those holding a PhD were assigned an expert validator
role and the rest were assigned expert developer role.

Once the participants got the role assigned they were asked
to perform sets of assignments. After, they were asked to
complete a questionnaire. The questionnaire contained three
main parts:

* background information, to give general information
about the user;

* usability common questions, they were the same in-
dependently of the role;

* role specific usability questions, they were dependent
of the role of the user.

Questionnaires included two types of questions:

* close questions based on the Likert scale as presented
in [17];
* open questions where the responses could be free text.

Our analysis will be focused on the second part of the
questionnaire, the usability common questions, where the re-
sults obtained were more interesting. This part of the ques-
tionnaire had twelve questions that measured eight different
usability dimensions’. Some of them measured a specific as-

* http://www.nngroup.com/articles/usability-101-introduction-to-usability/

pect of the UI and some others were counter questions to ob-
serve if the user was consistent when responding.

Here we describe the results of the study for the role of
LKC developer. The questionnaires corresponding to other
roles did not offer interesting results, therefore they are not
considered in this study.

2)  Results
The results presented in Table 1 correspond to the usability
common questionnaire. Questions two and seven have high
values for the standard deviation suggesting that users had very
different opinions on the same usability question. As a conse-
quence, we will change the workflow of the system, improve
the Ul appearance and the way the system recovers when it
blocks, meaning that certain functionalities need to be rede-
signed. Besides, question three, which is the counter question
of question seven, has high value for the standard deviation,
which suggests that the way the Ul works should be improved.
In the open questions, where users could introduce sugges-
tions and comments, some users suggested that the visualiza-
tion of the task progress should be present while logged-in in
the system, ”The list for the words individuals have done would
be very informative” and that the navigation could be improved
to have a “More user friendly navigation system”.
After analyzing these preliminary results we have defined
the list of changes to be introduced:
* improvement of the workflow of the system by rede-
signing some functionalities;
* improvement of the UI appearance by adding the vis-
ualization of the progress done by a specific user and
the addition of concept visualization.



TABLE 1 RESPONSES OF DEVELOPERS TO COMMON USABILITY QUESTIONS. THE TABLE ALSO SHOWS THE DIFFERENT USABILITY DIMENSIONS TO BE
MEASURED FOR EVERY QUESTION

s £ 2 =3 = E} £ = Z8 8| 4% 288 85| & =
el I E |2 ST ET |7 T E ]S
user Q1 Q2 Q3 Q4 Q5 Q6 Q7 QS8 Q9 Q10 Q11 Q12
1 ) 3 3 ) 4 ) 2 4 4 2 ) )
2 3 2 1 2 3 3 5 3 3 3 3 2
3 4 3 4 4 5 4 2 5 3 3 4 4
4 5 5 5 4 5 5 5 5 5 1 5 5
5 5 4 4 4 5 5 1 5 4 4 4 4
6 4 4 4 4 5 5 1 4 4 4 5 5
7 4 4 4 4 4 4 4 4 4 4 4 4
8 4 1 4 2 5 4 4 4 4 4 4 3
9 3 4 4 2 5 5 2 4 4 4 5 5
10 5 5 4 4 5 4 2 5 5 3 4 4
11 5 4 4 4 5 4 2 4 4 4 4 4
Mean | 4.181 | 3.545 | 3.727 | 3.454 | 4.636 | 4.272 2.727 4272 4 3.272 4.181 4
S.D. 0.715 1.157 | 0.962 0.890 0.642 0.616 1.420 0.616 0.603 0.962 0.574 | 0.852

Q1 - I find the system simple to use.

Q2 - In case I make a mistake, I can recover easily and quickly.

Q3 - The system has all the functions I expect it to have.

Q4 - I do not notice any inconsistencies while working with it.

Q5 - It is easy to remember how to use it.
Q6 - It is easy to learn how to use the system.

The realization of these changes will improve the imple-

mentation of System 1. Once all this changes have been adopt-
ed, we will develop System 2 by adding new functionalities to
System 1 making System 2 able to support the contributions of
big amounts of users when developing and validating tasks in
different languages.

VI. NEXT STEPS

Our future research work is geared towards a purely crowd-
based system. To get a substantial crowd engaged and to en-
sure the quality of the data, we plan to do research and devel-
opment in two main research directions:

incentives: to design and implement effective incentive
mechanisms based on non-monetary motivation. We plan
to harness human intrinsic incentives (such as enjoy-
ment, recognition, autonomy, connectedness, meaning-
fulness, or the feeling of contributing towards the greater
good). To design the appropriate incentives we need to
address three important issues:

a) Clear understanding and communication of desired
behaviors. This means defining what exactly is expected
as human contribution in terms of setting goals and
actions required to achieve them. The extent to which
humans perceive a task as a set of actions that lead to

Q7 - It does not work in the way I expect to.

Q8 - The information provided by the system is easy to understand.
Q09 - It gives me clear picture about the result of my previous action.
Q10 - At some point I was trying to find help or manual.

Q11 - I am able to complete my work quickly using the system.
Q12 - The system is pleasant to use

measurable result will influence their perception of being
able to produce a meaningful outcome as their own.

b) Understanding and aligning human incentives with
these desired behaviors. Here we must acknowledge
diversity in human motivation and its dependence on the
context, for example in competence, enjoyment and
connectedness. However, we will go a step further by
analyzing incentives through human knowledge-building
experience in the emerging field of buliding and
maintaining lexical-semantic resources and trying to
identify novel incentive dimensions.

¢) Obtaining desired behaviors through language
development task design to achieve both effective task
completion and human satisfaction. Instances of task
design proved in practice, may be generalized as task
templates to encourage shared models of incentives and
improve computation quality.

Reputation: to design and implement reputation schemes
to properly evaluate the quality of users’ contributions,
thereby improving the quality of the resource. We meas-
ure the performance of a user in terms of number of
words/senses/examples translated or validated in a specif-
ic time stamp. Later, the algorithm will be adapted to con-



sider the type of task the user is performing or the quality
of the result. In case of having more than one possible
translation for the same lemma or sense or example we
plan to use different techniques that have demonstrated to
perform better than majority voting [18].

We will employ user studies to understand the effective-
ness of the incentives and reputation mechanisms used in lan-
guage development tasks and by observing the variation of
user’s performance across different languages and cultures we
will change or adapt them.

The implementation of Systems 2 and 3 will be done pro-
gressively considering the gradual involvement of the crowd.
We will build every system upon the improvement of the pre-
vious one and by the addition of new features to better manage
crowd users and their contributions. Different tests will be run
to assess the new functionalities. The analysis of the results of
these tests will help us to improve the performance and ap-
pearance of the systems.

CONCLUSION

In this paper we have presented a scalable framework to build
and maintain multilingual lexical-semantic resources. The
framework is composed of three systems where users from the
crowd are involved progressively.

We have presented a user study to validate the usability of
the current implementation that will be improved after analyz-
ing the results obtained. We will move to the next system by
the addition of new functionalities that allow the management
of crowds of users and their contributions.
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