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Abstract—This paper proposes an approach to construct a knowl- semantic web to create the so-called Web of Data. Since
edge base using crowdsourcing where the knowledge base is linked data are inherently web-based, they are compatible with
represented as linked data. With the crowdsourcing concept, the  crowdsourcing.

contents of a knowledge base are accumulated. We represent This paper is structured as follows. The next section
the process of knowledge base construction as a workflow. The describes a crowdsourcing platform based on our proposed
ontology of the knowledge base’s target domain is utilized in approach. Section Ill shows example scenarios using our

creating and executing workflows. Applications to the construc- df K d Section IV di lated K
tion of knowledge bases in the domains of e-learning content and proposed framework, an ection ISCUSSEs related works

multilingual frequently asked questions (FAQs) are described as and the features of the proposed framework. The final section
examples. We discuss our proposed approach from the viewpoint concludes this paper.

of a crowdsourcing platform that facilitates the use of the

crowdsourcing concept to construct a knowledge base, and show Il. CROWDSOURCINGPLATFORM

how the domain ontology can be made use of. A. Overview

Keywordscrowdsourcing; linked data; ontology; knowledge The target of our proposed crowdsourcing platform is the
base; e-learning. construction of a knowledge base in a specific domain. We
assume that the ontology of the target domain is provided,

. INTRODUCTION which is utilized to customize the platform.

The workflow of the knowledge base construction must
Crowdsourcing is attracting much attention as an approachaintain the quality of the knowledge base. The workflow
to exploit the power of many people [3], [5], [16], [21]. For is basically comprised of the division into tasks and the
example, Wikipedia was basically created by volunteers on thaggregations of the task results. The workflow’s execution is
Internet. Such web sites as Amazon Mechanical Turk providenonitored so that system administrators can grasp the progress
crowdsourcing services. of the knowledge base construction and intervene if necessary.
In this paper, we propose an approach that exploits the In addition, we consider a case where a human task and
crowdsourcing concept in knowledge base construction. Witla program-based service coexist. For example, to construct a
typical crowdsourcing, a given job is divided into smaller multilingual knowledge base, the contents of the knowledge
independent tasks. When such a division is difficult, coordi-base must be translated. Since many machine translation
nating the execution of tasks becomes an issue. For examplegrvices are available, we can use such a service or a human
constructing a knowledge base in a company or in a groupranslation service. From the viewpoint of knowledge base
requires many tasks that involve creating a piece of knowledgesonstruction workflow, it is preferable that both the human
Since these tasks are not independent from each other, tlamd machine translation services be treated with the same
crowdsourcing approach is not easily applied. programming interface. To achieve this, we introduce the
CrowdForge was proposed as a framework for applyingconcept of a software agent. Each task’s interface is defined
the crowdsourcing concept to such complex tasks as writings an interaction with a software agent. If an individual task
a magazine article from a scientific journal paper [9]. Inis to be executed by a human, then the software agent acts as
addition, TurKit, a scripting language, was proposed to specifian intelligent user interface to the human user. If a particular
the crowdsourcing’s control flow as a script program [13].task is executed by a web service, the software agent acts as
However, it remains unclear how they can be applied to th@ wrapper function to that web service.
construction of a knowledge base using domain ontology. This resembles the orchestration of such web services
Here, we focus on an approach that utilizes the domairas Business Process Execution Language (BPEL), which is
ontology to partition a task into sub-tasks and integrate theiextended so that a human task can be incorporated in the
results in the construction of knowledge bases. Based oarchestration of services (BPEL4People [6]). BPEL4People
this approach, our framework can be customized to suit #ocuses on tasks that can only be executed by humans, such
particular domain for which a knowledge base is constructeds decision authorizations. In contrast, our tasks can be inter-
by providing the domain dependent ontology. We assume thathangeably executed either by a human or a web service to
the contents of a knowledge base are represented as linkattrease workflow flexibility.
data [1], whose basic idea was proposed in the area of the Users of the proposed platform include not only contrib-
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Figure 1. Overview of proposed crowdsourcing platform

utors to the knowledge base construction but also guest usewgth a separate goal blackboard was proposed to more easily

who may just make comments or revision requests. In additiocontrol the execution of knowledge sources [12].

to them, we also assume administrator-type users who are In our proposed crowdsourcing platform, a task is posted to

regarded as owners of the job of constructing a knowledg¢he goal (task) blackboard, and the task’s result is written on

base. We provide a function to monitor the progress of theéhe data blackboard. The difference with the original black-

knowledge base construction. board model is that two kinds of tasks are considered. One
How to determine the rewards given to contributors and/offurther divides a task into sub-tasks and posts the generated

users is another issue. In the case of Wikipedia, volunteersub-tasks on the task blackboard. The other executes the task

basically contribute their time and knowledge to it. For Ama-itself and writes its results on the data blackboard.

zon Mechanical Turk, monetary compensation is standard, a Workflow

determining rewards is important. To handle this reward issue; N )
we define a reward manager in the platform. We use a workflow template to facilitate making a work-

F|g 1 shows an overview of the proposed p|atform thatﬂOW. The following is the basic workflow of a knowledge base
incorporates the above functions. In addition, we borrow theconstruction. The job owner posts a task to solicit a piece of
idea of the blackboard model, a classical distributed problenknowledge about a particular topic. For example, if the target
solving model [7]. We focus on one that separates data an@f the knowledge base is e-learning content, a posted task
goal blackboards (Fig. 2). might create an exercise in the target domain. To maintain

The blackboard model consists of a blackboard and varioute quality of the created knowledge base, the contents must
know|edge sources. Each know|edge source is supposed E@ checked and revised. We represent such a workflow with
work on the data posted on the blackboard and write its resulie template shown in Fig. 3. When the specific task to be
on it. The data on the blackboard define the level of abstractiorgxecuted is identified, the workflow template is instantiated
For example, in a typical blackboard application that interpret&ind executed.
sensor signals, the lowest data level is the sensor's output Consider another example of creating multilingual e-
signals, and the highest data level is the result of theifearning contents. The domain ontology can be divided into
interpretation. The knowledge source is assumed to proceddyers. The upper layer ontology describes the vocabulary that
the sensor’s output signals, and the results are written on tH&8 common to e-learning content creation. The multilingual
blackboard. Then, another knowledge source for a higher levéspect is also described as a workflow for translating the
works on the results of the lower level. The blackboard modefontent using a human or a machine service. The target domain

Workflow planner
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Post a task
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Figure 2. Using a blackboard metaphor Figure 3. Workflow template for revising task results
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Figure 5. Example domain ontology

Figure 4. Workflow template for multilingual FAQs

of the e-learning environment is described as a lower layer
of the domain ontology. For example, if the target e-learning
content is aboufartificial intelligence the topics that must
be covered in this domain, such ssarch algorithm will be :
described in the lower domain ontology. Tasks to create content —
for each topic are made using this domain ontology. As a result

of the generated task, another task is also created for checking Figure 6.
the generated contents.

Example structure of exercise

[11.EXAMPLE APPLICATIONS . . : .
. T This example represents an exercise that is related with
Next, we consider two example applications: one creategreadth First Searchas specified by its tag.
a knowledge base of multilingual frequently asked questions Next, consider a situation where some topics are not
(FAQs) in a domain of rental apartments [8], and the othekcovered by existing exercises. First, such topics are specifically
creates content in an e-learning environment. searched for using a SPARQL [19] query to the RDF database
A. Multiingual FAQ system that stores the e-learning content. Then, if such a topic is

) L ) . found, a task is generated to create an exercise to cover
In this application, the knowledge base contains question§ adgditionally, a task to revise the created exercise is also

that are often asked by international students living in Japagenerated. These steps are determined by dividing a task of
and answers in four languages. This application is intended tgaking an exercisénto subtasks according to the workflow
provide useful information to international students. Cu”ently-template (Fig. 7). The divided subtasks are executed in turn.

the FAQs are stored in a linked data fo_rmat. It is preferable]—he subtasks include a task executed by a machine (finding a
that more FAQs are collected and stored in the system. Thus!t'épic, in this example) and a human intelligence task (making
is necessary to provide a way to add to the FAQs an entry thaf, exercise itself).

consists of a question and its possible answers. This job can be
divided into three sub-tasks: 1) adding a question, 2) adding IV.RELATED WORKS AND DISCUSSION
its answer, and 3) adding translations. Its workflow template, .
can be representgd as sﬁown in Fig. 4. PA. Workflow execution

To cover as wide a domain area as possible, the job owner N crowdsourcing, a job is basically decomposed into
may want to make a task that obtains a question regarding $mall independent tasks that are assigned to individuals. Task
specific topic. In such a case, the workflow is instantiated t¢lecomposition itself can be performed by crowdsourcing. For
solicit a question and its answers in the specified topic angxample, a tool calledurkomaticcollaboratively makes work-

finally their translations in the target languages. flows with crowd workers and job requesters [11]. A method
o . ) for dynamically controlling a crowdsourcing process is also
B. Content creation in the e-learning environment proposed using the model of active rules [2]. In the proposed

As another example, we consider a task that creates content
in an e-learning environment. In the proposed framework, a
knowledge base is implemented as linked data. Thus, its con-
tents are represented using a Resource Description Framework
RDF) [17]. In a RDF, information is represented as a set of ——
Eriples), [ea]ch of which consists of a sugject, a predicate, and ‘ Find a topic F_ (SSK%%L)
an object. In the following, we create a task that adds new

Make an exercise

exercises as e-learning content. Posta skt o0
. . . make an exercise e

Assume that the target domain of the e-learning environ-
ment issearch algorithmsAn example domain ontology that Posta taskto ey
describes the relationships among search algorithms can be revise an exercise =

represented, as shown in Fig. 5. The ontology itself is also
represented in the RDF format.
A typical exercise can be represented, as shown in Fig. 6. Figure 7. Dividing a task of making an exercise
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platform, based on the blackboard model, we introduce two
blackboards: one holds tasks and another separately holds taﬁlf
results. We plan to opportunistically execute task decomposi- |
tion and task execution to adapt changes during a long job
execution. This will be necessary for jobs like knowledge [
base construction that require incremental and possibly never-
ending processes.

The crowdsourcing approach is used to build an ontology (3]
(for example, [4]), and we also apply crowdsourcing to revise
the ontology of the target domain itself. By combining the [
process of the domain ontology revision and knowledge base
construction, we can achieve greater flexibility. [5]

As for a workflow’s execution model, handling an excep-
tion that may occur explicitly is preferable. Human task exe- [g]
cution is often error-prone and may fail. We plan to introduce
a meta-levelworkflow to handle task failures so that the main
workflow can be created by focusing on the execution of the
task itself without paying attention to exception handling.

B. Distribution of rewards [8]

A mechanism must be designed that rewards users for their
contributions to the knowledge base. When a monetary reward
is involved, determining the value for each task becomes an9]
issue. To solve this problem, we will apply the concept of
cooperative games [14]. Some methods have been proposed
to distribute rewards in Internet environments where sucElO]
malicious manipulations as false names or collusion are pos-
sible [15], [20]. It is a future issue to implement a mechanism
that ensures the incentive of crowd workers, as a function of
the reward manager in the proposed platform. [11]

C. Monitoring knowledge base construction

We must also monitor how content is accumulated in 12]
knowledge base construction. A visualization mechanism ié
helpful for such a purpose. For example, CrowdScape [18]
controls thecrowd by visualizing the behaviors of workers. As [13]
for workflow execution, CrowdWeaver [10] visually manages
complex crowd work.

In our proposed framework, we plan to exploit the domain
ontology to visualize the progress of knowledge base content?!
accumulation. For example, we plan to design a function t‘f15]
show how many topics are covered in the target domain by
clarifying the correspondence between the contents and the
topics described in the domain ontology. In this way, it is
possible to provide a job owner with a feedback on the progres§6]
of the crowdsourced works. The job owner can intervene in
the knowledge base construction, if necessary, to ensure tfhen
quality of the knowledge base.

V. CONCLUSION AND FUTURE WORK (18]

This paper described a crowdsourcing platform for the
construction of a knowledge base and discussed its required
functions. The domain ontology of the target domain of 19]
the knowledge base is utilized in preparing workflows ano{
executing them. Adopting the blackboard metaphor allows the
workflows to be executed opportunistically. [20]

Currently, we are designing our platform as a web appli-
cation, and are writing workflow templates for constructing
knowledge bases in the example domains discussed in thjs
paper. We plan to evaluate the proposed approach using thi
platform from the viewpoint of making use of the domain
ontology.
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