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Abstract

Knowledge Base Construction (KBC) is a challenging and complex task
involving several substeps and many experts of a knowledge domain. Crowd-
sourcing approach has been used to support KBC with promising scalability and
output quality, but to enable even more people to participate in KBC, there is a
need to broaden the pool of workers beyond the ones who are already familiar
with existing crowdsourcing platforms. Meanwhile, the number of people who
use messaging platforms has been increasing. There is also a renowned popular-
ity of text-based conversational agents – chatbots – existing on these messaging
platforms. By leveraging the fact that there is a large number of users who are
familiar with conversational interfaces, we see an opportunity to broaden the par-
ticipants of crowdsourced KBC by using chatbots to execute KBC tasks.

In this thesis, we investigate the use of chatbots to enable crowdsourced con-
struction of knowledge bases. We design a conversational crowdsourcing plat-
form to support the execution of KBC tasks. An experiment involving 43 students
using our system and interviews with 7 participants were conducted to evaluate
the system within the context of constructing a knowledge base for the TU Delft
campus. From the results, we show that the platform is suitable to be used for
crowdsourced KBC with justifiable execution time, accuracy, and completeness.
We also laid out the potential future work to improve and extend the functionali-
ties of the chatbot system.
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Chapter 1

Introduction

These days, there is a vast amount of information available to be accessed by people.
However, from the perspective of technology, not all information is directly usable
because they are often presented in an unstructured format such as web pages, arti-
cles, and other formats. This kind of information would be more useful to support
information-based systems, such as web-search and question-answering technologies,
if it is stored in a semantically structured way (that is machine-processable) while al-
lowing for consumption by humans.

A repository of structured information – or interchangeably, knowledge – is of-
ten referred to as aKnowledge Base (KB). A KB consists of entities, representing
concepts or real-world objects, with their relationships between each other. The rela-
tionship between entities can be in the form of object-property relationship (e.g. the
entity Netherlandshas a propertycapital city that links to theAmsterdam entity) or
hierarchical relationship (e.g.Amsterdam is aninstance ofthe conceptcity). Notable
examples of KBs are DBPedia [35], Wikidata [57] (replacing its predecessor Freebase
[43]), and Yago [53].

Producing and populating KBs has been one of the main challenges in the �eld
of the Semantic Web. The process of populating a knowledge base is often referred
to asKnowledge Base Construction (KBC). KBC is a non-trivial process consisting
of several substeps: starting from identifying concepts from the unstructured knowl-
edge source, de�ning and classifying these concepts, determining relationships be-
tween concepts, and �nally constructing the knowledge base from these de�nitions.
With the complexity of the process, the output of a KBC process tends to have a trade-
off between its quality (the correctness of the stored knowledge) and its quantity (how
much information is included in the KB) [19].

Constructing a knowledge base can be done either by manual or automatic tech-
nique. A straightforward manual approach is to recruit domain experts and construct
the knowledge base by hand. These experts are tasked to annotate unstructured in-
formation and input them into a structured KB. Though the quality of the KB can be
controlled as each entity are input by human experts by hand, this approach is costly
and time-consuming especially with large-scale complex knowledge [25].

Automatic approaches, on the other hand, employ information extraction tech-
niques on the unstructured knowledge sources such as articles, books, and web pages.
Although it has the advantage in term of cost and time, the automatic approach often
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Introduction

yields to noisy output, leading towards a knowledge base which lacking in accuracy
and coverage [25].

The crowdsourcing approach to KBC has been explored to overcome the limita-
tion of the manual and automatic approach. The term crowdsourcing is used for any
approach that tries to distribute a number of tasks to a pool of workers. A research man-
ifesto [46] of the intersection between the �eld of Semantic Web and Crowdsourcing
tries the opportunity to leverage crowdsourcing technique as a part of KBC work�ow.
This research manifesto leads to a number of works [11, 42, 50] investigating on to
what extent crowdsourcing can support the task of KBC.

The crowdsourcing approach is more scalable compared to the manual approach,
as we can break down the KBC task into smaller tasks and distribute them to a pool of
workers who each can work independently to complete the task. Additionally, com-
pared to the automatic approach, crowdsourced KBC has the advantage of better qual-
ity output, as it involves humans to work on the construction of a KB. The quality,
though, might not be on par with the quality of a KB constructed by hand by ex-
perts, as the workers participating in crowdsourced KBC might also include people
who are not experts of the KB domain. To improve the KB quality, tasks need to be
assigned to workers optimally based on the level of expertise needed. This issue is
addressed through task assignment and has been addressed for general crowdsourcing
in [15, 20, 34] and speci�cally for KBC in [12].

Another issue of using crowdsourcing to KBC is the availability of workers. Crowd-
sourcing tasks are typically distributed on crowdsourcing platforms such as Mechan-
ical Turk1 and Figure Eight2 or through a mobile app [40]. Meanwhile, constructing
a KB with suf�cient quality and coverage would need to involve a large number of
people. There is a need to broaden the pool of workers beyond the ones who are al-
ready familiar with existing crowdsourcing platforms. We need to look into platforms
which these people are already familiar with in order to reduce the learning curve of
completing KBC tasks.

Meanwhile, interest on chatbots – text-based conversational agents that mimic hu-
man conversation to enable tasks completion [24] – has resurfaced because of the
increased popularity of Messaging platforms such as Facebook Messenger, Whatsapp,
and Telegram. Based on this popularity, chatbots can be seen as an opportunity to
broaden the pool of workers to execute crowdsourcing tasks, by leveraging the fact
that there exists a crowd of people using these messaging platforms. Additionally,
familiarity with conversational interfaces can potentially lower the learning curve of
completing crowdsourcing tasks.

From this opportunity, Mavridis et al. [37] did a work on the use of chatbot in
microtask crowdsourcing. The result of their work shows that chatbots have compara-
ble output quality and execution time, and gain higher user satisfaction compared with
using traditional web-based interface. Based on their �ndings, we see the potential of
employing their approach speci�cally to KBC process. Therefore, we would like to
design KBC as microtasks and investigate to what extent can a chatbot support KBC
process.

1https://www.mturk.com/
2https://www.�gure-eight.com/
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Introduction 1.1 Problem De�nition and Goal

1.1 Problem De�nition and Goal

The main goal of our thesis is to investigate to what extent chatbots can be used to
enable the process of crowdsourced KBC. To achieve this goal, we need to take a look
into the challenges that come from employing a crowdsourcing approach to KBC and
presenting the KBC task using chatbots.

First of all, KBC is indeed a non-trivial task. There has been a need to formalize
the methodology to construct a KB as well as bridging the gap between domain experts
with no knowledge of KBC with the KBC process itself. The challenge lies in speci-
fying a "step-by-step" guideline towards the construction of a KB. As there have been
numerous works proposing methodologies for KBC, a follow-up challenge would be
on how to bridge this methodology to a more re�ned decomposition of KBC task into
microtasks that are suitable to be incorporated into a crowdsourcing work�ow.

The second challenge comes from the goal of bringing conversational interface into
supporting KBC process. The challenge is on how to map the decomposition of the
KBC task to be presented in a conversational setting. Also, to bridge the gap between
generic crowdsourcing work�ow and KBC work�ow, a conversational crowdsourcing
platform speci�cally for KBC would have to be designed.

Finally, as mentioned in the previous section, one of the main challenges of con-
structing a KB is to maintain the trade-off between its quality and quantity. At the
same time, there is also the need to reduce time and cost when constructing a KB. The
challenge here lies in designing and validating a system such that it can support KBC
while maintaining correctness, coverage, and scalability.

From the previous discussion, we can summarize the challenges that need to be
addressed in order to achieve our goal: (1) decomposing the KBC task; (2) mapping
and presenting the task in a conversational crowdsourcing system; and (3) retaining
correctness and coverage of the constructed KB while maintaining the scalability of
the process. In the next section, we will re�ne the research questions to address these
challenges.

1.2 Research Questions

Drawing from the problem de�ned in the previous section, we would like to know how
to decompose and organize KBC task and present them on a text-based conversational
interface. We set our main focus of the thesis to answer the following main research
question (RQ):

Main RQ: How could a text-based conversational agent be designed to enable
the crowdsourced construction of knowledge bases?

To answer our main research question, we derive three research sub-questions. The
questions are listed as follows along with what they would address in this work.

RQ 1: What is the state of the art in knowledge base construction and
conversational crowdsourcing?

To de�ne a decomposition of KBC task, we would need to look into existing state-of-
the-art methodologies of constructing a knowledge base. We also look into existing

3



1.3 Contributions Introduction

works investigating the use of crowdsourcing approach to construct knowledge bases
as well as the viability of conversational interface for crowdsourcing. We also highlight
the limitations that come from previous works on crowdsourced KBC.

RQ 2: How could a text-based conversational agent be designed and
implemented to support the microtask crowdsourcing for knowledge base
construction?

Drawing from the answer for RQ1, we analyze and de�ne KBC as smaller tasks –
microtasks– that are decomposed from the task of KBC. We shall design the task such
that it is small enough and appropriate to be presented in a text-based conversational
interface. This part will address challenge (1) discussed in our problem de�nition.

As a proof-of-concept, we shall design a system speci�cally designed to support
the execution of the previously de�ned microtasks. The system design would be based
on existing state-of-the-art techniques of building text-based conversational interface.
We will also have to consider both the conversational and user interface design based
on the current standard of conversational User Experience (UX) design. This part of
the system design shall address challenge (2) as discussed in our problem de�nition.

RQ 3: How does the interaction style of the text-based conversational agent
affect the construction time and quality of the KB?

Our next concern comes to the quality and quantity of constructed KB as the output of
the KBC process supported by the chatbot system. In order for us to understand to what
extent the system can be used for KBC while still retaining scalability and the output
quality (addressing challenge (3)), we shall run an experiment to assess both the system
and the constructed KB. The experiment would be based on the variation of interaction
style introduced in the system as well as task types and how they affect the correctness
and coverage of the constructed KB. Additionally, we would also investigate on to
what extent the chatbot is usable to construct a knowledge base.

1.3 Contributions

Our work sits at the intersection of three �elds: knowledge base construction, crowd-
sourcing, and conversational interface. Into our work, we incorporate what we have
learned from the three �elds and made three main contributions as listed below.

• C1: We contribute a literature survey on three �elds and their intersection. The
three �elds are well explored independently in previous studies, so our contribu-
tion would be summarizing the �elds as well as drawing relation between them.
We �rst look into the state-of-the-art methodology to construct knowledge base,
before we delve into how crowdsourcing can support a KBC process. We also
investigate how crowdsourcing and text-based conversational agent can support
each other. The �ndings on what can be explored on conversational crowdsourc-
ing for KBC shall be the groundwork on which our research would be based on.

• C2: We designed and implemented a conversational crowdsourcing system that
is intended to enable the process of KBC. This contribution consists of: the de-
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Introduction 1.4 Thesis Outline

composition and organization of KBC process into microtasks; the design of the
crowdsourcing system; the design of the conversational interface; and an imple-
mentation of the system design as a proof-of-concept. The importance of this
contribution is to show the feasibility to design a conversational crowdsourc-
ing platform specialized for constructing knowledge bases. The implementation
part especially would also enable us to carry out experiments in order to evaluate
the system.

• C3: Finally we setup and conduct an experiment in order to evaluate our design
and to understand better on how can it support a KBC process. An implemen-
tation of the designed chatbot calledCampusBotis used to run the experiment.
The experiment was run on tasks which were devised from 4 item types of a
campus knowledge base: Places, Food, Course Questions, and Trash Bins. We
recruited 43 students to try out and use CampusBot in their daily life to com-
plete some tasks and measure the time they each took to complete the tasks. We
also measure the quality and completeness of the resulting KB and how it relates
to our system design. As a follow-up study, we also interviewed 7 participants
for a guided one-to-one session where we observe and ask them questions while
they use our chatbot system.

1.4 Thesis Outline

This thesis consists of seven chapters, where each chapter focuses on the following
parts building the whole thesis. Figure 1.1 illustrates the �ow of the chapters with
their corresponding contributions.

Figure 1.1: Thesis Outline

In chapter 2, we discuss the existing methodologies of constructing knowledge
base and how crowdsourcing has been incorporated to support KBC. Chapter 3 and

5



1.4 Thesis Outline Introduction

4 will focus on the system design and implementation of the chatbot for constructing
KB. In chapter 5, experimental design is described to evaluate the design of the chatbot,
while chapter 6 discusses the experiment results. Finally in chapter 7, we summarize
the contributions, conclude the thesis with �nal remarks as well as potential future
work.

6



Chapter 2

Related Work

This chapter is a survey of previous works in the �eld of Knowledge Base Construction
(KBC) in relation to crowdsourcing and speci�cally the potential of using conversa-
tional interface to support it. The survey answers to RQ1 described in Chapter 1. The
gap between research found in this survey would be our starting point for our work to
focus on.

As this survey involves multiple �elds (KBC, Crowdsourcing, and Conversational
Interface) at once, we structure this chapter as follows:

1. We will �rst survey on the de�nition of KBC and known KBC methodologies
that have been used so far. This part would give us an initial guideline on what
are the subtasks of constructing a knowledge base.

2. Then, we would focus on surveying previous works which utilize crowdsourcing
as a mean to support the task of KBC. We would associate the works to each
subtask of KBC from the previous section.

3. Finally, we would discuss related works in the �eld of conversational interface
and its potential as an alternative crowdsourcing interface.

2.1 Knowledge Base Construction and Ontology
Engineering

In a practical guide of "Ontology Development 101" [41], anontology is de�ned as a
formal description of concepts in a domain of discourse (calledclasses), with a set of
properties of each concept to describe features (slots), and restrictions on slots (facets).
Additionally, a set of instances built on top of an ontology constitutes aknowledge
base.

The set of activities involving ontology development process, the ontology life
cycle, and the methodologies, tools and languages for building ontologies is referred
asontology engineering[26].

As a knowledge base consists of both the ontology and its instances, ontology en-
gineering is a part of knowledge base construction (KBC). While ontology engineering
focuses more on concepts and relations between concepts, KBC involves the task of
mapping these concepts to real entities referred as instances.
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Note that the methodologies to develop ontology discussed below mostly involve
the activities of creating instances of the ontology itself. As de�ned in [41], a knowl-
edge base is an ontology with a set of individual instances, thus we will use the term
KBC and ontology engineering interchangeably.

Methodologies of ontology engineering have been a subject of literature survey
several times, such as in the book Ontological Engineering by Gomez-Perez [26] and
a survey of collaborative ontology engineering by Simperl [51]. We will �rst discuss
ontology engineering methodologies in general, and then methodologies which are
intended for collaborative ontology engineering.

2.1.1 Methodology for Ontology Engineering

The ontology development process was identi�ed along with the METHONTOLOGY
framework in [23]. It refers to the set of stages which the ontology moves during its
life, but does not dictate the order on the execution of each stage. Three categories of
activities were advised in [13] to be carried in an ontology development process:

• Ontology management activitiesconsisting of scheduling, control, and quality
assurance.

• Ontology development oriented activitiesconsisting of three subcategories of
activities:

– Pre-development activitiesconsisting of environment and feasibility study.

– Development activitiesconsisting speci�cation, conceptualization, for-
malization, and implementation.

– Post-development activitiesconsisting of maintenance of the ontology
and how it is used by other ontologies or applications.

• Ontology support activitiesconsisting of activities performed at the same time
with development-oriented activities such as knowledge acquisition, ontology
evaluation, integration, and alignment.

[26] gives a thorough overview of several known methodologies for ontology engi-
neering. They compared several methodologies and methods used to build ontologies,
either from scratch or by reusing other technologies. The methods discussed were: the
Cyc method, the Uschold and King's method, the Grüninger and Fox's methodology,
the KACTUS approach, METHONTOLOGY, the SENSUS method, and the On-To-
Knowledge methodology.

Each of the discussed methodologies were mostly developed by experience or
guidelines of developing a speci�c ontology. The Cyc method, for example, was the
method used for building the ontology of Cyc, a knowledge base of common sense.
The Uschold and Kingâs method, on the other hand, was developed from the their
experience in developing the Enterprise Ontology of the Arti�cial Intelligence Appli-
cations Institute at the University of Edinburgh.

Most of these methodologies cover some part of the activity category in the ontol-
ogy development process, but the most stable and comprehensive ones are the METHON-
TOLOGY and On-To-Knowledge methodology. For our work, we will use the METHON-
TOLOGY as our guideline for ontology engineering.
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The METHONTOLOGY methodology comprises of 7 phases to build ontologies
from scratch: speci�cation, knowledge acquisition, conceptualization, integration, im-
plementation, evaluation, and documentation. Each of the phase will be brie�y de-
scribed as follows.

1. Speci�cation: the goal of this phase is to produce either an informal or formal
ontology document speci�cation. It consists of the purpose, level of formality,
and scope of the ontology.

2. Knowledge Acquisition: this phase is an independent activity supporting the
development of ontology. The goal is to collect knowledge by means of either
interviews with domain experts and/or text analysis of the knowledge source in
the form of books, articles, and so on.

3. Conceptualization: in this phase, the domain knowledge is structured into a
conceptual model describing problem and solution in terms of the domain vo-
cabulary.

4. Integration: the METHONTOLOGY framework encourages the re-usage of
existing ontologies, with the integration phase, an integration document is pro-
duced to link between existing ontology and the ontology being developed.

5. Implementation: this phase's objective is to formalize the conceptual model
into a formal computational language.

6. Evaluation: in this phase, a technical judgement of the ontology is carried out,
in respect to the requirements speci�ed in the speci�cation phase.

7. Documentation: documentation is encouraged by the METHONTOLOGY frame-
work on every phase of the ontology development,

Each phase was described brie�y in the original paper of METHONTOLOGY,
with the conceptualization phase described in detail in the follow-up paper of building
ontology at the knowledge level [13]. The conceptualization phase can be broken down
into 11 tasks which are shown in Figure 2.1.

First, a glossary of terms to be included in the ontology is built including each
of their description and synonyms (Task 1). Each of this term has to be identi�ed
either as a concept or instance attribute. Then, the concepts are classi�ed as such that
a concept taxonomy is built (Task 2). After that, a binary relation diagram (Task 3)
is built to identify relationships between concepts in the ontology. For the next task,
a concept dictionary (Task 4) is built. The concept dictionary contains all the domain
concepts with their relations, instances, and their class and instance attributes.

After the concept dictionary is built, the detail of relations (Task 5), instance at-
tributes (Task 6), and class attributes (Task 7), as well as constants (Task 8) should
be de�ned. Then, formal axioms (Task 9) and rules (Task 10) should be described for
constraint checking and inferring attribute values. Instances could also be introduced
(Task 11), thus making the ontology a full-�edged knowledge base.

Note that although some order must be followed to carry each of the task of the
conceptualization phase, the process is not strictly sequential as an ontology engineer
can return to any of previous task at point where a new term is introduced.
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Figure 2.1: Tasks of Conceptualization Phase

Based on this tasks, we can relate each task based on the primitive element of an
ontology that it involves. In general an ontology would consist of: classes, instances,
attributes, relationships, hierarchy, axioms and rules. An overview table of these prim-
itive elements is shown in Table 2.1. Each of this element would connect with one or
more elements, thus building the whole ontology.

In the scope of our work, we will focus mostly on theConceptualizationphase,
speci�cally onTask 11, which is to describe instances. The system design in our work
would facilitate the creation of instances on top of a prede�ned ontology schema. Our
work would also touch a part of theIntegration andImplementation phase where we
would integrate the knowledge base constructed by the system to an existing ontology.
The system, however, could be easily extended to cover other phases.

The METHONTOLOGY framework has introduced a stable guideline in order to
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Table 2.1: Primitive Elements of an Ontology

Primitive Element Description Tasks Example

Class Represents a concept or
group of similar concepts

Task 1, Task
2, and Task 4

Building, Person,
Animal, City

Instance Represents a real-world
entity or item

Task 11 The Eiffel Tower,
Taylor Swift, Delft

Attribute A property of either a
class or instance

Task 6, Task
7, and Task 8

name, colour, loca-
tion

Relationship A special type of attribute
with a value referencing
to another instance

Task 3 author, belongs to,
leader, CEO

Hierarchy A special type of relation-
ship where a group of in-
stances or class belongs to
another class

Task 2 and
Task 5

Subclass of, in-
stance of

Axiom A logical expression to
specify constraint in an
ontology

Task 9 "Every train de-
parting from
European location
must arrive at
another European
location"

Rule A conditional expression
used to infer knowledge
such as attribute values or
relationships

Task 10 "Every ship that
departs from Eu-
rope is arranged by
the company Costa
Cruises"

develop an ontology, but it does not consider when an ontology is built collaboratively.
In the next section, we will discuss some methods and tools explicitly designed to
support the construction of ontology collaboratively.

2.1.2 Methodologies for Collaborative Ontology Engineering

The emergence of Semantic Web has encouraged the practice of developing ontology
in a community-driven manner. Methods and tools to support collaboration and contri-
butions are needed. Simperl and Luczak-Rosch did a survey on collaborative ontology
engineering methods that have emerged along with tools to facilitate the activities de-
scribed in each methodology [51]. In this section, we will brie�y discuss some of the
mentioned methods and conclude on how do they relate to our work.

In [51], the methods that were discussed and compared are the Holsapple and Joshi
method; Dogma-Dess; DILIGENT; Human-Centered Ontology Engineering Method-
ology (HCOME); and Ontology Maturing. Each of this method follows a participatory
approach, emphasizing on collaborative effort with technological support that allows
non-expert to participate in the ontology development.
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The Holsapple and Joshi methodology consists of four phases: preparation, an-
choring, iterative improvement and application. The preparation phase is similiar to
the Methontology's speci�cation phase, while the anchoring phase's objective is to
produce a �rst version of the ontology. The collaboration happens in the iterative im-
provement phase where domain experts are asked for their feedback on the ontology
and the consolidated results are implemented when there is a consensus among the
experts.

The Dogma-Mess methodology are distinguished in 5 main phases: formulate vi-
sion statement; conduct feasibility study; project management; preparation and scop-
ing; domain conceptualization; and application speci�cation. This methodology does
not describe on how to reach consensus on multiple view of ontology, but the collabo-
ration happens in the form of knowledge negotiation which is a part of the conceptu-
alization phase.

The DILIGENT is referred as an "argumentation-based" methodology based on
IBIS argumentation model [54]. First, a core team create an ontology that is not re-
quired to be complete in thebuild phase. Then, this ontology is made available to users
who can adapt it to their own local environment, while the original ontology remains
unchanged. This second phase is calledlocal adaptation. Theanalysisphase then
involves an ontology engineering board to select which of the local branches' change
to be carried to the next version of the original ontology. These agreed changes are im-
plemented in therevision phase, resulting a new version of the shared ontology. Users
may opt to align their local ontologies with the version in thelocal updatesphase.

The HCOME, similar to DILIGENT, also focuses on distributed development of
ontologies. Their approach is to distinguish between a personal information space,
re�ecting the view of an individual party, and a shared information space, re�ecting
the agreed conceptualization view of different parties. The collaboration is supported
by allowing users to browse shared ontology, compare it to their own version, and
discuss feedback on a moderated discussion thread.

Ontology Maturing [16] is a "Web 2.0" approach of ontology engineering, fo-
cusing on building lightweight ontology and views ontology engineering as an infor-
mal learning process. It takes from the Web 2.0 approach which empowers informal,
lightweight, and easy-to-use aspect to ontology development. The methodology con-
sists of 4 main phases: emergance of ideas; consolidation in communities; formal-
ization; and axiomization. The core collaborative aspect lies in the �rst two phases
where any participants can contribute terms by assignment of simple tags and then be
consolidated by merging or splitting terms leading to a common terminology.

Overall, the mentioned methodologies have common challenges that they try to
overcome: how to resolve differences of multiple versions of ontology produced by
each participants viewpoint. They also take the iterative view of ontology life cycle:
allowing the ontology to be improved at any point of time, thus producing multiple
revised versions.

2.1.3 Collaborative Ontology Engineering Tools

In this section, we will discuss some tools (software; desktop and web application)
used in order to support collaborative ontology engineering. The purpose of this sec-
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tion is to give an overview on how these tools work and what participation patterns
they encourage that can later be translated to conversational interface for our work.

Ontology Development Environment (ODE) is the term used to refer to tools ded-
icated for ontology development and editing. The two most prominent tools are Pro-
tégé1 and NeOn Toolkit2.

To support collaboration, Protégé has an extended version called Collaborative
Protégé3 which has features for participants to interact and hold a discussion for con-
�ict resolution. Multiple users can edit the ontology at the same time, and then use the
discussion threads and direct chat channel to communicate their opinions. The discus-
sion then can be followed by a voting, either with a �ve-star or agreement type, and
the result will be in the form of annotation to the ontology.

NeOn Toolkit, on the other hand, is a set of Eclipse plugins dedicated for develop-
ing interconnected ontologies. Each plugin of the set is dedicated for a certain feature,
from ontology editing, export and import feature, to an integrated system with a wiki
system for collaboration. The wiki is dedicated as a part of the ontology engineer-
ing process, facilitating interaction between user to discuss on a certain ontology item
(concepts and instances), and the result of the discussion can be transferred back into
the ontology.

There are also dedicated wiki-based ontology engineering tools. In addition to be-
ing user-friendly, wiki system has gained attention in the Semantic Web �eld as it is
used for the purpose of community-driven content curation focusing on collaborative
interaction. Some examples of ontology engineering tools that adapted this Wiki sys-
tem are myOntology [52], coef�cientMakna [54], IkeWiki [47], and OntoWiki [27].
These Wiki-based tools present each instance and concept as a Wiki page, allowing
user to annotate these pages with links with other pages, corresponding to relation-
ships in the ontology, and adding property-value pairs, corresponding to attributes in
the ontology.

There is also the Wikidata4 project, which has its origin from Wikipedia5, the
largest peer-produced encyclopedia, with the purpose of building structured knowledge
base allowing users to access and edit the data. Although it is not strictly an ontology
editor, and more of a collaborative knowledge base itself, we will regard it as so, as the
system, in a way, supports collaborative ontology engineering tasks (editing concepts,
adding links, voting statements).

Müller-Birn et al. did a study on how Wikidata can be regarded both as a peer-
production system and a collaborative engineering tool[39]. They analyzed the history
of Wikidata edits, and group the edits as action sets.

Based on participation patterns, users of Wikidata can be categorized into 6 groups:
Reference Editor, Item Creator, Item Editor, Item Expert, Property Editor, and Property
Engineer.

Overall, the main challenge of developing an ontology collaboratively is how to
reach consensus whenever there are multiple con�icting opinions from different con-
tributors (both knowledge engineers and domain experts). In general, a contributor

1https://protege.stanford.edu/
2http://neon-toolkit.org/
3http://protegewiki.stanford.edu/index.php/CollaborativeProtege
4https://www.wikidata.org/
5https://www.wikipedia.org/
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can take part in the ontology development process by two type of actions:suggesting
a creation, change, or removal of primitive entities (as discussed in Section 2.1.2) and
reacting on a suggestion. The later action would depend on the agreement mecha-
nism: it can be in the form of comments, voting, moderation, or a mix between them.
For example, actions involving the primitive element class would be distinguished as
follows:

• Suggesting

– Suggesting a creation of concept/class

– Suggesting a merge of two concepts

– Suggesting a removal of a concept

• Reacting

– Agreeing/disagreeing on a creation of concept

– Agreeing/Disagreeing on a merge of two concepts

– Commenting on the creation of a concept

– Agreeing/disagreeing on a removal of a concept

The above example could also be applied to other primitive elements such as in-
stances, relations, and attributes. In our work, we would derived our decomposition
of KBC task upon the described two actions. Ultimately, the KBC task would be
decomposed into two major subtasks corresponding to the two actions: the task of
creating (suggesting) a primitive element (in our work, we would focus on instances)
and assigning attributes and the task ofvalidating (reacting) the created instances and
attributes.

2.2 Crowdsourcing for Knowledge Base Construction

As with crowdsourcing research in general, crowdsourcing approach for knowledge
base construction can also be divided into two types of approach: microtasking ap-
proach and Games with a Purpose (GWAP) approach. The microtasking approach
tries to utilize microtask platform such as FigureEight and Amazon Mechanical Turk
(AMT) to publish tasks for the crowd to work on. Usually this approach involves in-
centives in form of money which is paid to the crowdworkers based on the number
of tasks they completed. On the other hand, the GWAP approach tries to avoid this
monetary incentives by designing a game as such that crowdworkers, as players, will
complete tasks for the intent of seeking entertainment.

Works focusing on crowdsourcing for KBC can be grouped based on which type
of task of ontology engineering to be solved by crowdsourcing. The type of task is
based on what ontology elements are involved and whether the crowdsourcing task
is to create (collect) new elements or validate existing elements. As described previ-
ously, example of ontology elements are class, instance, attribute, relationaship, and
hierarchy.

A work by Simperl et al. proposes a framework utilizing crwodsourcing to support
linked data management [50]. Linked Data is a way to publish structured data, so it is
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highly related to ontology and knowledge base. Simperl et al. use Amazon Mechanical
Turk (AMT) to execute microtask involving identity resolution which is the task of
deciding weather two resources (equivalent to instances) is the same with each other.
This involves the creation of a sameAs links, which are equivalent to relationships in
a knowledge base. On top of that, their work also involves metadata correction, the
task of validating concept's attributes, and classi�cation, related to the task of creating
hierarchies.

Noy et al. instead focuses solely on the task of hierarchy-veri�cation, presenting
them to crowdworkers through AMT [42, 38]. Their main purpose is to �nd out the
feasibility of crowdsourcing in ontology engineering by comparing the performance
of students and AMT workers in answering hierarchy-veri�cation questions. The re-
search results that both groups perform similarly for verifying hierarchies of two on-
tologies: a business process model ontology and a general-purpose terms ontology.
Additionally, they also investigate if the choice of the ontology affects the workers'
performance, as well if crowdsourcing is suitable for ontologies in specialized do-
mains. Their experiment results in high levels of accuracy achieved for common-sense
ontologies such as WordNet, and fewer questions correctly answered than by domain
experts for verifying hierarchies in specialized ontologies.

Crowdlink [11], utilizes crowdsourcing to create and validate triples in linked data.
Triples is another term for links between concepts and instances in structured semantic
data. AMT, is again used in this work as a platform to crowdsource tasks of creating
and verifying properties (attributes), entity (instances), schema, and sameAs relation-
ship in linked data. Their contribution is three-fold: the use of crowdsourcing to create
links; a work�ow management which is responsible to generate tasks based on existing
ontologies; the implementation of their approach in Semantic Web.

Another line of work tries to incorporate crowdsourcing into existing ontology en-
gineering work�ow, speci�cally reolving around Protege as an ontology editor. Wohlge-
nannt et al. developed a plugin that allows ontology engineers to outsource ontology
veri�cation tasks [58]. The plugin supports the generation of relationship and hier-
archy veri�cation tasks right from within the Protege ontology editor. The tasks are
generated through the uComp API. uComp6 is a crowdsourcing platform facilitat-
ing knowledge acquistion tasks. It could �exibily allocate tasks to either GWAPs or
mechanised labour platform such as CrowdFlower (now Figure8) and AMT.

Another work [21] tries to solve the problem of �ne-grained entity type completion
using crowdsourcing to aid the limitation of automatic machine-based algorithm. En-
tity type is equivalent to class, where an instance can be typed as a general type (such as
SportPlayer, for example) and also as a more speci�c type (such as BasketballPlayer).
Their work focuses on generating tasks that can be presented in crowdsourcing plat-
form in order to complete the missing �ne-grained type for entities in DBPedia7, a
large-scale knowledge base derived from Wikipedia.

There are several works which alternatively takes the GWAPs approach to crowd-
source KBC tasks such as Climate Quiz [48], UrbanMatch [18], HIGGINS [29], and
the Aparto Game [44]. Climate Quiz [48] is a web-based game for players to verify
whether two concepts (e.g. "climate change" and "ecosystem") are related to each

6https://www.ucomp.eu/
7https://wiki.dbpedia.org/
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other and what kind of relationship between the two terms. The game attracts player
by leveraging social network, particularly Facebook.

UrbanMatch [18], on the other hand, is a mobile photo-coupling game. It presents
the player photos of point-of-interests (POIs) and asks for their coupling. This cou-
plings would be used to verify links between POIs and their respective images.

HIGGINS [29] is an attempt to combine Information Extraction and Human Com-
putation, generating game questions to collect input from the players of relationships
between entities as subjects and objects. They did an experiments using plots and
character description from SparkNotes stories and movie articles from Wikipedia, re-
sulting that HIGGINS is able to manage high-quality knowledge collection with low
crowdsourcing costs.

The Aparto Game [44] focuses on harnessing the power of casual user to construct
a knowledge base. They experiment with a knowledge base of a multilingual rental
apartment Frequently Asked Questions (FAQ). The game itself is a part of the FAQ
website, so users can post questions and answers regarding the apartment and also play
the game. In the game, users are asked to answer apartment related quiz, collecting
points for answering the quiz. The system then collects the answers from the players
to update the knowledge base.

OntoPronto [55] is another GWAP, speci�cally a selection-agreement game where
two players are asked to decide whether a Wikipedia article refers to a speci�c instance
or to a class of entities. The players are also asked to categorize the entity refered by the
article. The collection of answers from players eventually are used to create a general-
purpose ontology. The GWAP approach used by OntoPronto is then compared to a
similar settings but using microtask crowdsourcing through AMT.

Overall, works on crowdsourcing approach for constructing knowledge base is
summarized in Table 2.2. The table groups the work based on the crowdsourcing
approach used (microtask and GWAP), the ontology element involved, and the type of
KBC task (either creating or validating tasks).

As for our work, we will base our system design upon the existing works that
involves the following primitive elements: instance, attribute, relationship, and hierar-
chy with microtask as the crowdsourcing approach (blue-colored in Table 2.2). This
will ensure that crowdsourcing approach for these primitive elements have been ex-
plored before, and our work will extend them as such with a conversational interface
instead of a web-based interface. Though, for future work, we can see that there are
opportunities of research here, where there are empty cells (gray-colored in Table 2.2)
indicating types of task that have not been done for certain crowdsourcing approach
and ontology primitives, at least as far as we know for now.

2.3 Conversational Interface and Crowdsourcing

Conversational interface, speci�cally the text-based one commonly calledchatbot, is
a type of user interface where a typical use case is carried through a series of text
conversation mimicking that of with a human. Although chatbot is often referred as
an AI-powered bot that is assumed to be able to interact with us as humane as possi-
ble, the term "Botplication" was introduced in [24]. The term refers to a category of
conversational agent encouraging simplicity and effectiveness as replacement of tra-
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Table 2.2: Summary of Works on Crowdsourcing for KBC (blue-colored cells high-
light the scope of our work; gray-colored cells highlight approaches not yet explored)

Crowdsourcing Type Element Task Type Approach

Microtask

Class Create OntoPronto [55], CrowdLink
[11], PROFIT[3]

Validate uComp Protégé Plugin [58]
Instance Create OntoPronto [55], CrowdLink

[11]
Validate Simperl [50], CrowdLink [11]

Attribute Create CrowdLink [11], PROFIT [3]
Validate Simperl [50], CrowdLink [11]

Relationship Create Simperl [50], Crowdmap [45]
Validate Crowdmap [45], Amini [5],

uComp Protégé Plugin [58]
Hierarchy Create [50], CrowdLink [11], Dong

[21]
Validate Noy [42] [38], CrowdLink [11],

uComp Protégé Plugin [58]
Axiom Create

Validate
Rule Create

Validate

GWAP

Class Create OntoPronto[55]
Validate

Instance Create OntoPronto[55], Aparto
Game[44]

Validate
Attribute Create

Validate
Relationship Create UrbanMatch[18], Climate

Quiz[48], HIGGINS[29]
Validate Kondreddi[30]

Hierarchy Create
Validate

Axiom Create
Validate

Rule Create
Validate
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ditional mobile applications. In our work, we are inclined more towards this type of
chatbot to support KBC.

As our work investigates the potential of using conversational interface to sup-
port crowdsourced KBC, this section will discuss related work surrounding usage of
crowdsourcing to support chatbots, ontology-based chatbots, and KBC using chatbot.

2.3.1 Crowdsourcing for Chatbot

Crowdsourcing approaches have been tried to be integrated to chatbot system. The ba-
sic idea is to incorporate human computation to the usual machine learning based and
pattern-matching technology underlying the chatbot. The human computation module
plays a role to decide what response would be appropriate to the user's input. Sev-
eral implementations of this approach are Chorus [33, 32], Crowd-Intelligence-chatBot
(CI-Bot) [36], and Evorus [28].

Chorus features a two-way natural language conversation between one end user
and the crowd. The crowd in Chorus acts as a single agent. When a user inputs a query
to Chorus, Chorus will forward it to a pool of crowd workers. Each worker would
submit or vote on other worker's response. Once a response has reach consensus of
agreement, the response would be forwarded back to the end user. In their test, Chorus
correctly answered 84.62% out of the questions asked during conversations.

The difference between CI-Bot and Chorus is that CI-Bot would �rst tries to re-
spond to end user automatically. Then if the question is beyond the knowledge of
CI-Bot, it would forward the question to experts found by the expert recommender.
The answers by the experts are collected and integrated to the �nal answer that would
be sent to the end user. In a way, CI-Bot is ahybrid chatbot, incorporating both a
corpus-based AI module and a CI module. The prototype of CI-Bot was built on top of
the chinese messaging platform Wechat8 and experiments were conducted to evaluate
how effective CI-Bot is.

Another hybrid approach of crowd-powered and automated conversational assis-
tant, Evorus [28] was built to be able to automate itself over time. The basic mech-
anism behind Evorus are three folds: (i) uses multiple chatbot and the system would
learn how to select appropriate bots over time, (ii) reusing prior answers to similar
queries, and (iii) automatically approve response candidates generated by the crowd
workers. In Evorus, crowd workers can play a role to suggest a response (in addition
to automatically generated responses) and also vote on candidate responses. Evorus is
another case of hybrid chatbot, integrating the crowds and machine learning.

2.3.2 Ontology-based Chatbot

In this section, we will discuss several chatbot development approach where they in-
corporate the utility of ontology and/or knowledge base in order to generate response
to end-user.

Augello et al. [8, 7, 9] built an intuitive chatbot using AIML (Arti�cial Intteligence
Mark-Up Language) KB of Alice chatbot, DBPedia datasets, and Wikipedia reposi-
tory. The chatbot exploits the knowledge from DBPedia by making SPARQL queries
through AIML categories.

8https://www.wechat.com/
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Another chatbot utilizing DBPedia is the DBPedia chatbot [6], aiming to optimize
community interaction for answering recurrent questions. Rather than using AIML,
the DBPedia chatbot utilize Rivescript to identify the intent of user's message. The
chatbot handles three types of message: DBpedia questions, Factual questions, and
regular Banter. For DBPedia question, they apply a rule-based approach by refering
to DBPedia's mailing list. For factual question in the form of natural language, the
bot utilizes combination of WolframAlpha and QANARY question answering system.
While QANARY responds are already in the form of DBPedia URIs, WolframAlpha's
response are still needed to be linked to DBPedia through DBPedia Spotlight. For
banter, or casual conversation, a basic set of responses are used such as "Hi" or "What
is your name" with the combination of the Eliza chatbot in case there is no applicable
rule to a user's utterance.

There is also another ontology-based chatbot with speci�c purpose of being an
argumentative agent of climate change. The chatbot, called ClimeBot [56], is hosted on
the API.AI platform (now called Dialog�ow9). The chatbot consist of two modules: an
ontology modulewhich answers question based on an ontoloty stored in OWL format
and atextual entailment modulein case the relevant knowledge cannot be found in the
ontology. One of their main contribution is to incorporate OWL ontologies into the
API.AI platform.

2.3.3 KBC using Chatbot

In this section, some chatbots whose purposes are to construct knowledge base are
discussed. In contrast to the previous category of chatbot, where the ontology are used
in order to support response generation, this section discusses category of chatbots
speci�cally developed as an interface for KBC.

First, there are several ontology editors supporting the use of controlled natural
language (CNL) to edit ontologies. CNL is a type of language used to hide the for-
mal syntax and semantics of traditional ontologies. Some ontology editors supporting
CNL are discussed in [1], and then there is AceWiki[31] and also Fluent Editor[49].
Although these editors are technically not chatbots, the way that they allow ontology
editing using natural language is similar to a chatbot.

One of the most in-depth proof-of-concept for knowledge acquisition chatbot is
Curious Cat [14]. Curious Cat is a context-aware crowdsourcing knowledge acqui-
sition system using conversational interface. Curious Cat is developed as a mobile
application with interface similar to messaging apps. The system was built based on
Cyc, a knowledge base of common sense. It also uses the Cyc inference engine in or-
der to answer user's question. Questions are mapped into a set of logical expressions
and then answers are generated through the logical inference engine. The generated
answers are translated back into natural language before sent back to the user. The
context awareness is facilitated through the use of mobile sensors (e.g. location) in
order to decide which user and what question to ask.

Our work differs from the work by Bradesko et al. because we are focusing on
knowledge base construction starting from an almost empty knowledge base (only a
partially de�ned ontology), while Curious Cat was developed on an already growing

9https://dialog�ow.com/
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knowledge base (Cyc). Additionally, Curious Cat heavily focuses on using context-
based information to support acquisition of knowledge, while our work would focus
more on de�ning KBC as microtasks and executing them in conversastional setting.

Similar to Curious Cat, KB-Agent [2] is also a chatbot with the purpose of com-
pleting the knowledge given an existing knowledge base. The chatbot tries to collect
new entities and attributes through conversation with users. Put simply, KB-Agent
works as follows: (i) �rst it generates a list of questions for each entity in a KB, (ii)
KB-agent that ask questions to the users, (iii) �nally, KB-agent identify entities in
user's utterances and incorporate them into the KB. As far as our understanding, the
system design of KB Agent does not incorporate any crowdsourcing work�ow, thus
the work did not explore much on how the chatbot users can contribute on ensuring
the quality of the acquired knowledge. This is the gap that our work is trying to bridge,
by incorporating a crowdsourcing work�ow to the chatbot system to ensure the quality
of the constructed knowledge base.

2.4 Summary

Up until now, numerous studies on how crowdsourcing are used for knowledge base
construction and ontology engineering have been done. They mostly explored one of
the two main approaches: either using a web-based microtask platform or a GWAP
approach. Existing approaches used crowdsourcing to support part of KBC tasks to
some extent, but not the whole knowledge base construction itself.

In the context of our work, we will mostly design our system upon the previously
discussed existing works, speci�cally the following aspects:

KBC Task Decomposition We based our design of decomposing KBC Tasks on
the methodologies discussed in section 2.1. The task decomposition would focus
speci�cally on the conceptualization phase. In the case of which primitive ontology
elements to be involved, the scope of our work would focus on the creation and
validation of instances, attributes, and relationships.

Crowdsourcing for KBC Our work would also be a contribution to the state-of-the-
art by extending existing works in the �eld of crowdsourcing for KBC. The extension
tries to investigate the use of conversational interface as an alternative to the two
crowdsourcing approaches in previous works: web-based microtasking and GWAP.

Conversational CrowdsourcingIn the intersection of conversational interface and
crowdsourcing, there are two main lines of work discussed above: crowdsourcing for
chatbot and ontology-based chatbot.

Our work relates to the �rst line of work by using chatbot for crowdsourcing similar
to the work of conversational microtasking by Mavridis et al [37]. Our work would
targets microtasking speci�cally for KBC task.

In relation to the second line of work, instead of building a chatbot that uses an exist-
ing ontology or knowledge base, we intend to do the converse: building a knowledge
base using a chatbot. Though, to some extent, the chatbot could continuously use the
evolving knowledge base, this will remain as an opportunity for future work.
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Chapter 3

Chatbot System Design for
Knowledge Base Construction

In order to answer RQ2, this chapter will discuss the system design of the chatbot
in detail. We �rst formalize how KBC process can be decomposed as microtask in
our system. We then explain the crowdsourcing work�ow to KBC using a set of the
microtasks. After describing the microtask and crowdsourcing work�ow, we describe
how the architecture of the system as well as the conversation �ows were designed.

3.1 KBC as Microtasks

As discussed in the Related Work (chapter 2), the KBC process is complex as it con-
sists of several non-linear substeps such as identifying what to include into the KB,
de�ning and classifying concepts, and determining relationships between concepts.
With the complexity, it would be helpful if we de�ne several small tasks that builds the
whole KBC process. De�ning these tasks would become the starting point before we
discuss on how to execute these tasks using conversational crowdsourcing.

In this section, we will discuss how the process of KBC can be broken down into
several small tasks (microtasks). This will be the basis on what types of KBC tasks
to be presented in the conversational interface discussed in the later sections. First we
will de�ne several basic terms of KBC, then a task analysis would be described, before
synthesizing the task types that would be used for our system.

3.1.1 Basic Terms of KBC

As KBC is a wide �eld of research and many literature refer to same concepts with
different terms, we would like to explain the terms used in this thesis.

First of all, anitem is a representation of either a real-world entity or a concept.
If it represents a real-world entity (e.g. the Eiffel Tower), it can be referred to as an
instance. A conceptis a representation of a set of instances. For example, the Eiffel
Tower (an instance) is an instance of a landmark (a concept). An item would have at
least anameand optionallydescription and/oraliases.

Each item (either a concept or an instance) would have 0 or morestatements. A
statement consists of aproperty-value pair. A property is a descriptor of a data
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value. A property can be paired with one or more values; or even a special value such
as "no value" or "unknown value".

A relation is a special case of statement depicting a connection between items. The
target item of a relation becomes the value of the statement. A relation which depicts
the property ofsubclass ofor instance ofis referred to as ahierarchical relation.

Each statement is accompanied by arank, representing how probable that the
statement is true. The rank is calculated based on the calculation ofupvotes and
downvotesfrom contributors.

3.1.2 Hierarchical Task Analysis

In this section, we attempt to decompose the task of constructing knowledge base
using hierarchical task analysis(HTA) method. We carry the breakdown analysis
based on synthesis of KBC methodology discussed in the related work chapter. Here,
the task-breakdown is done to two major subtasks separately: the task ofconstructing
a knowledge base(Table 3.1), and the task of�xing and verifying a knowledge
base(Table 3.2). With each task-breakdown, we would also describe the task plan,
explaining how each of the task should be executed.

HTA of Contructing a Knowledge Base

Table 3.1 depicts the task break-down of constructing a knowledge base. The task
is carried under the assumption that there is no knowledge base created yet, e.g. the
construction started from scratch.

The goal and plan for each task of constructing a knowledge base is as follows:

• Plan forTask A: Do each ofTask A.1-A.5 once in order. After that feel free to
return to any task in any order to make the KB complete.

• Plan forTask A.1: RepeatTask A.1.1as many times as needed. This depends
on how wide and speci�c the domain of the KB is intended. The goal of this task
is to have a list of terms (keywords, or important words) within the the domain
of the KB that could be potentially turned into concepts or instances in the next
tasks.

• Plan forTask A.2: Do and repeatTask A.2.1andTask A.2.2 in order until all
concepts are identi�ed. The goal is to de�ne some concepts from the list of
terms.

• Plan forTask A.3: Do and repeatTask A.3.1andTask A.3.2 in order until all
instances are identi�ed. The goal is to de�ne some instances from the list of
terms.

• Plan forTask A.4: Do Task A.4.1, A.4.2, andA.4.3 in any order or even in
parallel. The goal is to have necessary relations between the de�ned concepts
and instances.

– Plan for eachTask A.4.1, A.4.2, andA.4.3: Do each subtask in order (e.g.
A.4.1.1-A.4.1.3) and repeat as necessary to assign all possible relations.
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Table 3.1: HTA of Constructing a Knowledge Base

Task A: Construct a knowledge base
Task A.1: Create a list of terms

Task A.1.1: Add a term to the list
Task A.2: De�ne concepts

Task A.2.1: Choose a term from the list as a concept
Task A.2.2: Create a de�nition of the concept

Task A.3: De�ne instances
Task A.3.1: Choose a term from the list as an instance
Task A.3.2: Create a de�nition of the instance

Task A.4: Assign relations
Task A.4.1: Assign relations between concepts

Task A.4.1.1: Choose two concepts
Task A.4.1.2: De�ne relation
Task A.4.1.3: Assign relation

Task A.4.2: Assign relations between instances
Task A.4.2.1: Choose two instances
Task A.4.2.2: De�ne relation
Task A.4.2.3: Assign relation

Task A.4.3: Assign relations between instances and concepts
Task A.4.3.1: Choose an instance and a concept
Task A.4.3.2: De�ne relation
Task A.4.3.3: Assign relation

Task A.5: Assign statements
Task A.5.1: Choose an instance or a concept
Task A.5.2: Add a statement

Task A.5.2.1: De�ne a property
Task A.5.2.2: Set statement's property
Task A.5.2.3: De�ne a value
Task A.5.2.4: Set statement's value

Skip A.4.1.2 (or A.4.2.2 and A.4.3.2) if the relation is already de�ned be-
fore, so it can just be reused and assigned immediately.

• Plan forTask A.5: Do Task A.5.1andTask A.5.2in order. Repeat as necessary
for every instance. The goal is to have necessary statements describing the facts
about each concept and instance.

– Plan forTask A.5.2: Do Task A.5.2.1- A.5.2.4 in order. Repeat as nec-
essary to assign all needed statements to the instance. SkipTask A.5.2.1
and/orTask A.5.2.3if the property and/or value to be assigned has already
been de�ned previously.

Note thatTask A.4 of assigning relations is actually a speci�c case of Task A.5 of
assigning statements. A relation can be de�ned as a special statement, with which the
property depicts the type of relation, and the value depicts another instance or concept.
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Table 3.2: HTA of Fixing and Verifying a Knowledge Base

Task B: Fix and verify a knowledge base
Task B.1: Fix and verify existing relation

Task B.1.1: Determine whether the relation is true or false
Task B.1.2: Fix relation

Task B.1.2.1: Change relation
Task B.1.2.2: Remove relation

Task B.2: Fix and verify existing statement
Task B.2.1: Determine whether the statement is true or false
Task B.2.2: Fix statement

Task B.2.2.1: Change statement (property and/or value)
Task B.2.2.2: Remove statement

HTA of Fixing and Verifying a Knowledge Base

Table 3.2 depicts the task break-down of �xing and verifying an existing knowledge
base. This major subtask is meant to be a continuation of the previous major task,
with the goal of sustaining and maintaining the knowledge base. A knowledge base is
assumed to be already constructed, but may contain invalid relation or statements. The
task itself can be carried in parallel with the task of constructing the knowledge base.

The followings are the task plans for this task-breakdown:

• Plan forTask B: Do Task B.1 andTask B.2 in any order, and repeat as neces-
sary for all relations and statements. The goal is to make sure the constructed
knowledge base from Task A is correct.

• Plan forTask B.1: Do Task B.1.1. Only if the relation is thought to be false,
do Task B.1.2. The goal is to make sure the chosen relation is correct. If it's
deemed to be incorrect it should be changed or removed.

– Plan forTask B.1.2: Either do one ofTask B.1.2.1 or Task B.1.2.2. Task
B.1.2.1 of changing a relation can be done either by: changing the name
of the relation, changing the target of the relation, or both.

• Plan forTask B.2: Do Task B.2.1. Only if the statement is thought to be false,
do Task B.2.2. The goal is to make sure the chosen statement is correct. If it's
deemed to be incorrect it should be changed or removed.

– Plan forTask B.2.2: Either do one ofTask B.2.2.1or Task B.2.2.2. Task
B.2.2.1 of changing a statement can be done either by: changing the prop-
erty of the statement, changing the value of the statement, or both.

In this section of task analysis, constructing, �xing and verifying a KB involves
only a single individual carrying the task. When more than one contributors are in-
volved, each contributor can carry each task. In order to resolve con�icts between
opinion (e.g. contributor A thinks a statement is true while contributor B thinks other-
wise), we can apply a voting mechanism, where all contributors can give an upvote or
downvote of relation and/or statements.
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For our work, we would focus on the following types of KBC microtasks derived
from our HTA. We choose the task granularity on the second level from the hierarchical
task analysis, and give them a new numbering (T1, T2, and so on) so we can refer it in
the later sections. Note that we chose a limited number of the microtasks as the scope
of our thesis, but we acknowledge that there are potential future work to explore how
the other de�ned microtasks can presented in a conversational crowdsourcing system.
We describe each microtask type brie�y as follows.

Creating a de�nition of an instance (T1). This task corresponds to Task A.3 from
our HTA. In this task, worker creates an instance representing a real-world object.
An example would be creating an item with the name "Lecture Hall Ampere" that
represents a lecture hall in TU Delft campus. For our system, we wouldn't include
Task A.1 and A.2 as we would have a prede�ned concepts (categories), and would
focus on creation of instances. This is, of course, would be a potential future work to
include the task of concept de�nition using a crowdsourced conversational system.

Assigning a relation between instances (T2). This task corresponds to Task A.4.2
from our HTA. Given an instance and another instance (or list of instances), the
worker has to specify the type of relation (if there is any) between the two instances.
For example, a worker chooses the relation "building in which it is located at" be-
tween the instance "Lecture Hall Ampere" and the instance "EWI Building".

Assigning a relation between an instance and a concept (T3). This task corre-
sponds to Task A.4.3 from our HTA. Given an instance and a concept, the worker has
to specify a relation (if there is any) between the instance and the concept. For ex-
ample, a worker assigns the relation "categorized as" between the instance "Lecture
Hall Ampere" and the concept "Lecture Hall".

Adding a statement (T4). This task corresponds to Task A.5.2 from our HTA.
Worker is given an already created instance and are asked to complete a statement
regarding the instance. For example, the worker is given the instance "Lecture Hall
Ampere" representing a place and is asked to complete the statement about the �oor
number of the place.

Determining whether a relation is true or false (T5). This task corresponds to Task
B.1.1 from our HTA. Worker is given with an already de�ned relation and they have
to assess whether the relation is correct or not. For example, the worker is asked to
verify if "Lecture Hall Ampere" can be categorized as "Lecture Room".

Determining whether a statement is true or false (T6). This task corresponds to
Task B.2.1 from our HTA. Worker is given with an already de�ned statement of an
instance, and they have to assess whether the statement is correct or not. For example,
the worker is asked to verify the statement "Lecture Hall Ampere is located on the
�rst �oor".

3.2 Crowdsourcing Work�ow

In this section, we will describe the work�ow on utilizing the crowd in order to con-
struct a knowledge base. The work�ow is designed based on the de�ned microtasks
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Figure 3.1: Crowdsourcing Work�ow for Producing an Item for a Knowledge Base

from the previous section and can be divided into three stages:Create, Enrich, and
Validate. This work�ow would later be used by our system to enable crowdsourced
construction of knowledge base. Figure 3.1 illustrates an overview of the stages to pro-
duce a single item for a knowledge base. In each of the stages, one or more workers
executes some tasks to produce input for the item. We will now elaborate the details
of each stage.

Stage 1: Create

In the Create stage, a worker is assigned to anItem Creation Task. This Item Creation
Task is a task consisting of multiple microtasks. Each of the microtasks can be of type
T1, T2, T3, orT4. The output of this stage is for a worker to create an initial de�nition
of an item representing a real-world object. The following is a list of example tasks
that a worker might need to complete in this stage:

1. Creating an item with the name "Lecture Hall Ampere" (microtask typeT1).

2. Assigning a relation 'building in which it is located at' between "Lecture Hall
Ampere" and the "EWI" building (microtask typeT2).

3. Assigning a relation 'categorized as' between "Lecture Hall Ampere" and the
category "place" (microtask typeT3).

4. Adding a statement "located on the 1st �oor" for "Lecture Hall Ampere" (mi-
crotask typeT4).
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