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Abstract

This paper suggests an ontology for task and quality control mechanisms representation in crowdsourcing
systems. The ontology is built to provide reasoning about tasks and quality control mechanisms to improve tasks
and quality management in crowdsourcing. The ontology is formalized in OWL (Web Ontology Language) and
implemented using Protégé. The developed ontology consists of 19 classes, 7 object properties, and 32 data
properties. The development methodology of the ontology involves three phases including Specification
(identifying scope, purpose and competency questions), Conceptualization (data dictionary, UML, and instance

creation), and finally Implementation and Evaluation.
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1. Introduction

The Humans may outperform machines in accomplishing some tasks that require very basic human skills,
especially those tasks related to creativity, natural language processing, and image understanding [1]. Recently,
crowdsourcing becomes a promising methodology to overcome such problems that remain difficult or
impossible to automate. Crowdsourcing introduces a new way for organizations and individuals to leverage the
humans’ knowledge and intelligence towards accomplishing special tasks that are difficult to fulfill effectively
with machines alone. For example, the crowd may be invited to tag a photo, translate written text, transcribe an
audio file or perform usability testing. This can help organizations to extend their resources, improve

productivity while reducing costs and minimizing time[2].

* Corresponding author.
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Despite the growing interest and benefits of crowdsourcing, the quality control remains a valid concern[3]. In
our review of the crowdsourcing literature [4], we have observed the following shortcomings: First, task and
quality management are missing from current systems. Specifically, identification of which quality control
mechanisms (QCM) are most appropriate for which types of tasks is not supported. That is, as illustrated by [5],
a QCM that works well for some tasks might work poorly on another. For instance, a QCM that is suitable for
evaluating an essay-writing task is not suitable for evaluating a transcription task. Second, there is no support for
tasks similarities. Finally, there is a huge number of tasks existing in crowdsourcing systems in unstructured
nature and in natural language, making it difficult for clustering or classifying tasks to improve and learn from

such systems.

Crowdsourcing data should be organized in such a way that makes it understandable for both humans and
machines and allows for standardization across different crowdsourcing systems. Usually, this task can be
successfully done using ontologies. Ontologies are common representation models used for knowledge

representation, distribution and reusing [6].

Hence, crowdsourcing can be semantically enriched to make the process of task and quality management more
efficient. Incorporating ontological definitions of tasks and QCMs in crowdsourcing systems will provide many
benefits. First, with such profiling, it is easier to reuse and automate the process of identification of the type of
task. Second, a much clearer and consistent data could be obtained allowing a machine to infer new information
about the data logically. Third, semantic entities will support the configuration of crowdsourcing tasks based on
historical data and previous rating of QCMs. That is, based on a task performance with respect to certain QCM,

this configuration can be reused.

To that end, and due to the vast variety of tasks on these systems, we proposed a task ontology-based model to
be adopted by crowdsourcing systems with the goal of identifying which quality control mechanisms are most
appropriate for which types of tasks [7]. The focus of this work is to build the ontology of tasks mentioned

above which will act as a conceptual backbone for selecting a QCM to be used with a certain requested task.

The rest of the paper is organized as follows. Section 2, presents in details the methodology we followed and the
steps we took to develop the ontology. Section 3, discusses the implementation of the ontology. Evaluation of
the ontology is given in Section 4. Section 5, presents related works. Finally, the conclusions are given along

with some remarks on the future directions of this work in Section 6.

2. Ontology Development Methodology

There is no single correct ontology-design methodology, and many methodologies have been proposed to design
and build ontologies. The approach in [8] is followed to produce this ontology; the authors of [8] have adopted
different methodologies including [9, 10, 11] to define a domain ontology. In general, they divided the
development process into three main phases: specification, conceptualization and implementation as shown in
Figure 1. The objective of the specification phase is to obtain the knowledge about the domain while the

objective of the conceptualization phase is to organize and structure this knowledge using external
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representations [8].
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Figure 1: Ontology development methodology [8]

2.1 Specification: the ontology domain, purpose, and scope

As a first step, it is essential to define the domain and scope of the ontology. The scope bounds the ontology by
indicating what to include and what to not. In our work, we aim to design and develop an ontology for

crowdsourcing tasks and quality control mechanisms.

The ontology facilitates the structured capturing of the tasks and quality control mechanisms in an organized
and meaningful way. Moreover, the ontology can be utilized by crowdsourcing systems to identify which QCM
is most appropriate for a given task. Hence, this ontology considers the needs for creating concepts related to
crowdsourcing tasks and QCMs. It does not consider the concepts related to other activities as task allocation,

worker selections, and rewarding mechanisms.

2.2 Specification: considering reusing existing ontologies

Before starting the process of ontology modeling and building, it is important to check whether there exists any
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ontology appropriate for the purpose of our domain. Existing ontologies can be found in ontology libraries or by
using semantic search engines. The following ontology libraries and search engines were examined in this work:
Reference [20] ontology library, the DAML [21] ontology library, the Protégé [22] ontologies and the semantic

search engine [23].

A lightweight ontology for Enterprise crowdsourcing was found to have some relation to our work [12].
However, the author of the Enterprise crowdsourcing ontology suggested that more investigations are needed on
the part of the crowdsourcing task evaluation mechanism. In the Enterprise crowdsourcing ontology, the author
developed a domain ontology for a special type of crowdsourcing task within an enterprise. We reuse and
extend some parts of the Enterprise crowdsourcing ontology and adapt it fit our purpose. Also, we developed
more general task crowdsourcing ontology by providing an ontological representation of tasks and quality

control mechanisms.

2.3 Specification: competency questions

An important step in the specification phase is to write several competency questions (QC). Competency
questions sharpen the understanding of the purpose and scope of the ontology [11]. These competency questions
are questions that should be answered by the knowledge base built from the designed ontology. As an example,

some of them are shown in Table 1:

Table 1: Examples of QC in the ontology

QC No. QcC

QC1 Given a set of task attributes: (e.g. TaskType: CC, Action type: classification, Object type:
image), what is the best QCM for evaluating it?
QC?2 Based on the analysis of historical data, which QCM is used for evaluating a certain type of

tasks? For example: Which QCM has been used mostly to evaluate tasks of type CC?

QC3 What tasks have similar or identical attributes to a certain task?
QC4 What are the used Action Types for a certain Task Type in the system?
QC5 What QCMs have already been used to evaluate a previously submitted task with similar or

identical characteristics of a newly submitted task?

QC6 What is the average rating for a given QCM with a certain task type?

QC7 What is the most popular QCM being used with certain object type?

2.4 Specification: ontology granularity and type

Given the level of conceptualization and granularity [9] and the level of expressiveness [13], the ontology
proposed here is a domain ontology with a light-weight level of expressiveness. Domain ontologies represent

concepts that are particular for a certain domain, and lightweight ontologies provide small concepts and the
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relations between them.

2.5 Conceptualization: domain conceptual model and identification of classes, relations, and attributes

All concepts, relations, and attributes related to crowdsourcing tasks and QCMs were acquired from an
extensive study of literature in the field of crowdsourcing. We also scanned several crowdsourcing systems
such as Amazon Mechanical Turk [15,16,17] to get an idea of the domain. The methodology used to identify
elements for defining the crowdsourcing task, and the QCMs from the literature follows two stages: First, the
crowdsourcing definitions were reviewed to identify any defining element of the crowdsourcing task. Second,
we conducted a review of the literature to find documentations that include crowdsourcing taxonomies[4]. In
preliminary work, we have proposed a categorization of tasks that are currently used in crowdsourcing systems.
Five types were proposed namely: Opinion-Based(OB), Data Processing (DP), Content Generation (CG),
Content Conversion (CC) and Research-Based (RB). Further details can be found in [4]. To provide an
advanced understanding of the domain, a data dictionary of the collected terms is created as a first intermediate
representation. Then, it is converted to a conceptual model in the form of Unified Modeling Language (UML)
diagram. Table 2 includes part of the data dictionary including descriptions of some concepts, relations, and

attributes in the ontology.

From the data dictionary and to properly understand the conceptual aspects in the domain, a UML diagram was

designed with the main relations among defined concepts. Figure 2, shows a fragment of the UML diagram.
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Figure 2: Ontology UML diagram
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Table 2: Part of the data dictionary of the crowdsourcing task ontology

Name Description Type

Task The core concept in the ontology, which represent one single concept
task requested by a user and need to be solved by workers.

TaskType The type of crowdsourcing task which can be (OB, CG, DP, concept
CC, RB).

OpinionBased (OB) Opinion-Based type of tasks. concept

ContentGeneration (CG) Content Generation type of tasks. concept

DataProcessing (DP) Data Processing type of tasks. concept

ContentConversion (CC) Content Conversion type of tasks. concept

ResearchBased (RB) Research-Based type of tasks. concept

QCMType The concept that holds the QCMs and can be of many types concept
including (worker selection, iterative, voting and peer review)

WorkerSelection A QCM type where tasks are only allowed to be solved by a concept
specified crowd upon the requesters’ choice.

Iterative A QCM type where the solution goes into an iterative process concept
before sending it to requesters. That is a second worker
improves the results of the initial submission, and a third
worker improves the results of the second worker so on.

Voting A QCM type where the judgment of a majority of workers on  concept
the task solution is accepted.

PeerReview A QCM type where other workers can check and evaluate the concept
solution.

BestQCMtoTask The class that holds the best QCM for each existing task in  concept
the ontology.

Keyword This class holds a list of keywords associated with the task. concept

ActionType This class holds the type of actions associated with tasks. An  concept
action type can be classification, summarization, tagging, etc.

ObjectType Holds the data type of the objects in the task. An object type concept
can be image, text, audio, etc.

QCMReputationScore Holds the reputation score of the best suitable QCM for a attribute
certain task.

hasTaskType(Task, TaskType) To represent the relation that each task has a task type. relation

hasBestQCM To represent the relation between certain task and the best relation

BestQCMtoTask ) QCM for evaluating it.

belongsTo(  BestQCMtoTask, To represent that a Best QCM belongs to the QCMType class  relation

QCMType)
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The Task Class shows that a Task can be defined by many features including its Keywords, Task Type, Object
Type and Action Type. As said earlier, Task Type class can be of types: OB, DP, CG, CC or RB. QCM Type
class can be of types: Voting, Worker Selection, Peer Review and Iterative. These QCMs are the mostly used

QCMs in the literature [4]. Bothe Task Types and QCM Types can be extended, and new types can be added

The task ontology has a simple hierarchy of concepts as presented in the “is-a’ diagram in Figure 3
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Figure 3: "is-a" diagram

2.6 Conceptualization: Instance definition
The last step in ontology modeling is to create individual instances of classes in the ontology. Each instance

should be provided a definition of its name, the name of the concept it belongs to, and its attribute values if

known [8]. Table 3, provides some instances of the instance table of our ontology
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Table 3: An excerpt of the instance table of our ontology

Instance Concept Attribute Value
CC_124 cC title cC
keyword Transcribe, audio
actionType transcription
objectType Audio
Voting_146 Voting title Majority voting
description A QCM type where the
judgment of a majority of
workers on the task
solution is accepted.
Task 111 Task TaskType cC
ActionType Describe
ObjectType Image
Requirement English, age above 20
Keyword Describe, image
Task 112 Task TaskType CcC
ActionType transcription
ObjectType Audio

Requirement

Avrabic, age above 30, IT

Keyword Transcribe, audio
BestQCMtoTask 672 BestQCMtoTask  task Task 111
QCM Voting_146
QCMReputationScore 8.4
BestQCMtoTask BestQCMtoTask  task Task 112
785 QCM PeerReview 987
QCMReputationScore 7.1

3. Ontology Implementation

To bring the proposed ontology to reality, some development tools were used.

3.1 Web Ontology Language (OWL)

The description of the knowledge in the ontology requires explicit formal representation. The OWL (Web
Ontology Language) descriptive language was used to specify formally how the knowledge will be stored. We
chose OWL for its expressiveness and powerful representation. Also, OWL is a World Wide Web Consortium

(W3C) standard ontology language and recommended for representing ontologies.
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3.2 Protégé Editor

The implementation was done using a well-known ontology editor called Protégé. Protégé [18] is a free, open-
source ontology editor and knowledge base framework developed at the Stanford Medical Informatics. Protégé
ontologies can be exported into different formats including RDF Schema (RDFS) and Web Ontology Language
(OWL). Protégé also provides the ability to check the consistency, validation, and verification of an ontology.

Figure 4, depicts Protégé snapshot to show some of our ontology’s entities.
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Figure 4: Protégé snapshot of the ontology entities.

3.3 Jena Library

To read ontology data that are stored in the OWL file, the Jena library was used [24]. This open-source library,
written in the Java programming language, provides an API to load, save, query, and infer new information from
the ontology.

The developed ontology consists of 19 classes, 7 object properties, and 32 data properties. In addition, some

individuals were created for evaluation purposes, which can be extended later.

4. Ontology Evaluation

The evaluation of the ontology is demonstrated concerning the QC stated in Section 2.3 to check the
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convergence of the ontology to the CQ. This evaluation considers if the ontology solves the problem it was
supposed to solve. A group of methods was implemented for the QC or requirements that were identified to
enable the validation of the basic functionalities of the ontology. An overview containing the goals from these

methods can be found below:

1. GetActionTypeList(TaskType): lists all action types for a certain task type.

2. GetObjectTypeList(TaskType): lists all object types for a certain task type.

3. GetTaskRequirement(TaskType, ActionType, ObjectType): retrieves the task requirements given the
task type, action type, and object type.

4. GetSimiralTask(TaskType, ActionType,ObjectType): uses semantic similarity measures to retrieve
similar tasks to the requested one.

5. GetQCMReputation(QCM, TaskType): returns the reputation of a QCM with the requested task type.

6. GetTopQCM(TaskType, ActionType, ObjectType): is responsible for returning the QCM with the
highest reputation for evaluating the requested task with its features.

7. GetTopQCM_TaskType(TaskType): is responsible for returning the QCM with the highest reputation
for evaluating the requested task type.

8. GetTopQCM_ObjectType(ObjectType): is responsible for returning the QCM with the highest

reputation begin used with the requested object type.

A prototype is developed to enable the execution of these methods. After executing these tests successfully, we
used the QC and the methods implemented to verify if the basic functionalities of the ontology were
accomplished. Table 4 lists this relationship. With this relationship between QC and the implemented methods
and the results of testing, we conclude that the proposed ontology solves the problem it was supposed to and is

adequate for the representation of tasks in crowdsourcing systems.

Table 4: QCs and related methods relationship

QC no. Related Method

QC1 GetTopQCM(TaskType, ActionType, ObjectType)
QcC2 GetTopQCM_TaskType(TaskType)

QC3 GetSimiralTask(TaskType, ActionType, ObjectType)
QC4 GetActionTypeList(TaskType)

QC5 GetSimiralTask(TaskType, ActionType, ObjectType)

GetTopQCM(TaskType, ActionType, ObjectType)
QCe6 GetQCMReputation(QCM, TaskType)
QcC7 GetTopQCM_ObjectType(ObjectType)

Figure 5, provides a snapshot of the developed prototype, and it shows when the Opinion Based (OB) Task type
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is chosen, the previously used Action Types and Object Types are retrieved.
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Figure 5: Snapshot of the developed prototype to query our ontology.

5. Related Works

This section describes previous work that uses ontologies for crowdsourcing activity representation. The most
relevant work to ours is that proposed in [19] which is a skill ontology-based model for quality assurance.
While the skill ontology-based model was used to identify and match the best worker to a given task, our task
ontology-based model aims to identify and match the best-suited quality control mechanism to a given task. In
our work, we argue that identifying the best worker is part of the whole process of the quality control
mechanism. In other words, the skill of the worker will affect the performance of the quality control mechanism

and will be implied in the given ratings by the requesters.

As said in Section 2.2, a lightweight ontology for Enterprise Crowdsourcing was proposed in [12]. However, it

is a domain-specific ontology for a special type of crowdsourcing task within an enterprise.

Our work differs from the above because the focus is in the ontological representation of tasks and quality

control mechanisms as well as identifying the best-suited quality control mechanism to a given task.

6. Conclusion and Future Work

This paper presented ontology of tasks and quality control mechanisms in the crowdsourcing domain. We
explained how the concepts, properties, and relations were defined in our ontology. The ultimate goal is to use
this ontology to improve task and quality management in crowdsourcing. The implementation of the ontology
was done using the Protégé editor and the Jena library. The resulted ontology consists of 19 classes, 7 object

properties, and 32 data properties.

This work is part of a greater model involving machine learning techniques and reputation systems to improve
the overall quality of the crowdsourcing. Future work will concentrate on utilizing the ontology in the model
proposed in [7].
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