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1 Executive Summary

This IO covers the modeling and meta-modeling of the Job Knowledge (JK) as a theo-
retical and conceptual part of the DISKOW project. Accordingly, this report provides the
required terminology for the project, describes the structure and ontology of the JK in de-
tail, and demonstrates the hierarchical architecture of it. With an aim to provide a standard
and extensible JK model which can be integrated in a wide variety of tools and software
technologies, we have adopted an existing ontology for job knowledge from schema.org and
extended it with additional properties following the best practices laid out with respect to
linked open data. We showcase the application of the proposed JK model in the field of data
science as an example. We thereby envision that the outcome of this IO will facilitate the
adaptation of the JK model in a wide variety of sectors and case studies.
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2 Introduction

In the last few years, substantial efforts have been invested by governments, interna-
tional organizations and other institutes to improve our understanding of the dynamics of
the labor market. These efforts have resulted in a series of applications, tools and sources
that cover labor demands, supply or matching and that shed more light on skill gaps and
mismatches. ESCO (European skills, competences, qualifications and occupations tool de-
veloped by the EC), Cedefop’s skills panorama and EURES (EU’s job portal) as well as
European Qualifications Framework (EQF) are few examples of such efforts.

Traditionally, to get more insight into labor demands or supply, researchers and policy-
makers have relied on interviews, trade publications, surveys, and vacancies. While these
traditional data sources have some clear advantages, they are also characterized by limi-
tations that can be addressed by using web-based data instead. Web is a gold mine for
job knowledge discovery. Linked open data, job announcements, social media, job search
engines, forums, wikis, data streams and interlinked information are few examples of such
valuable job-related sources on the net.

The main problem in this regard is not in the availability of data and how to retrieve
them, but in how to clean, explore, visualize and interpret such a huge volume of various web
data. With an aim to streamline this process and make such data suitable for further ex-
ploitation (e.g. consumend by specialised mobile apps) an open Job Knowledge Base (JKB)
is proposed within the scope of the DISKOW project, that can be used by employers, em-
ployees, job seekers, labour market experts and policymakers. Such a JKB contains different
types of information such as responsibilities and roles, required competencies (described us-
ing existing standards, such as ECF, EQF, etc.), that could be used to develop trainings and
identify priorities, wage information, geographical and demographic trends, cultural issues,
demands of the job markets in different domains, job announcement information and rates,
job popularity and other useful statistics. The DISKOW project aims at creating a JKB
prototype, based on existing open-source Business Intelligence platform in order to cover the
most important factors in this regard such as required job knowledge for a specific job.

This IO covers the modeling and meta-modeling of the Job Knowledge (JK) as a theo-
retical and conceptual part of the DISKOW project. Accordingly, this report provides the
required terminology for the project, describes the structure and ontology of the JK in de-
tail, and demonstrates the hierarchical architecture of it. With an aim to provide a standard
and extensible JK model which can be integrated in a wide variety of tools and software
technologies, we have adopted an existing ontology for job knowledge from schema.org and
extended it with additional properties following the best practices laid out with respect to
linked open data. We showcase the application of the proposed JK model in the field of data
science as an example. We thereby envision that the outcome of this IO will facilitate the
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adaptation of the JK model in a wide variety of sectors and case studies.

2.1 Tasks Constituting IO1

This report addresses the three main tasks that constitute IO1, in accordance to the
Description of Work (DoW) in the DISKOW Grant Agreement. These tasks are described
below, and discussed in detail in the following sections of this report.

2.1.1 O1/A1 - Ontology of the Job Knowledge

In this task, we studied the general ontological architecture for job knowledge according
to which we will develop the DISKOW JKB (job knowledge base). The outcomes of this
task – a schema for job knowledge – will help in the identification of potentially useful data
sets, and inform activities within IO2 - Identification and Analysis of the European Labor
Market Data and in the development, customization activities of the knowledge base within
IO4 - Job Knowledge Base.

2.1.2 O1/A2 - Job Knowledge Hierarchical Architecture

In this task, we explore the hierarchical architecture afforded by the DISKOW job knowl-
edge schema, developed in alliance with activities within the IO4 - Job Knowledge Base. In
this regard, competence representation standards will be employed in this task.

2.1.3 O1/A3 - Application of the Job Knowledge Schema in Data Science as a
Working Example

In this task, we discuss how the proposed schema for job knowledge can be applied and
customized to specific fields such as ‘Data Science’. In this regard, since the case study of
this project is on Data Science career, IO2 - Identification and Analysis of the European
Labor Market Data will also reflect on the availability of data sources to build and support
the JKB for Data Science.

3 Exploring Existing Schemas

To identify and develop an easily extensible schema for job knowledge, we explored
the existing standards. Two main schemas were shortlisted for comparison, based on
their expressibility of job knowledge - the schema.org/JobPosting schema and the
hr-xml/JobHeaderAndPositionHeader schema.
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Schema.org is a collaborative, community activity with a mission to create, maintain, and
promote schemas for structured data on the Internet, on web pages, in email messages, and
beyond1. The schema.org vocabulary can be used with many different encodings, including
RDFa, Microdata and JSON-LD. These vocabularies cover entities, relationships between
entities and actions, and can easily be extended through a well-documented extension model.
Over 10 million sites use Schema.org to markup their web pages and email messages. Many
applications from Google, Microsoft, Pinterest, Yandex and others already use these vocab-
ularies to power rich, extensible experiences. On the other hand, the HR-XML Consortium
is the only independent, non-profit, volunteer-led organization dedicated to the develop-
ment and promotion of a standard suite of XML specifications to enable e-business and the
automation of human resources-related data exchanges. Due to these reasons, we consid-
ered the schema.org/JobPosting and hr-xml/JobHeaderAndPositionHeader schemas as
potentially viable options for structuring the job knowledge within the DISKOW JKB.

3.1 schema.org/JobPosting

The JobPosting schema is a listing that describes a job opening in a certain organization.
A toy example using this schema for a job posting related to ‘Data Scientist’ is presented in
the listing below. Figure 1 presents an excerpt of the schema.org/JobPosting schema.

<div>
<h2>Data S c i e n t i s t </h2>

<p><strong>Locat ion :</ strong>
Kirkland WA</p>

<p><strong>Industry :</ strong> Computer Software
<br><strong>Occupational Category :</ strong> 15−1132.00 Software Developers ,
App l i ca t ion
<br><strong>Hours :</ strong> Full−time , 40 hours per week
<br><strong>Sa lary :</ strong> USD 100000
</p>
<p>

<strong>Desc r ip t i on :</ strong> ABC Company Inc .
s e ek s a f u l l −time mid−l e v e l Data S c i e n t i s t to ana lyze and
develop in−house t o o l s .

</p>
<p><strong>R e s p o n s i b i l i t i e s :</ strong></p>
<ul>

1https://schema.org/
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Figure 1: An excerpt of the schema.org/JobPosting schema.

< l i >Design and wr i t e s p e c i f i c a t i o n s f o r t o o l s f o r in−house customers</ l i >
< l i >Build t o o l s accord ing to s p e c i f i c a t i o n s </ l i >

</ul>
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<p><strong>Educat ional requ i rements :</ strong></p>
<ul>

< l i >Bachelor ’ s Degree in Computer Sc ience ,
In format ion Systems or r e l a t e d f i e l d s o f study .</ l i >

</ul>
<p><strong>Exper ience requi rements :</ strong></p>
<ul>
< l i >Minumum 3 years expe r i ence as a Data Sc i ence p r o f e s s i o n a l </ l i >

</ul>
<p><strong>Desired S k i l l s :</ strong></p>
<ul>

< l i >Web a p p l i c a t i o n development us ing Java/J2EE</ l i >
< l i >Web a p p l i c a t i o n development us ing Python or f a m i l i a r i t y
with dynamic programming languages</ l i >

</ul>
<p><strong>Q u a l i f i c a t i o n s :</ strong></p>
<ul>

< l i >A b i l i t y to work in a team environment with members o f
vary ing s k i l l l e v e l s .</ l i >
< l i >Highly motivated .</ l i >
< l i >Learns qu i ck ly .</ l i >

</ul>
<p><strong>B e n e f i t s :</ strong></p>

<ul><l i >ABC Corp prov ides top−t i e r employee compensation
b e n e f i t s and a re laxed , team−o r i en t ed work environment ,
i n c l u d i n g : Medical , L i f e , Dental</ l i >
</ul>

<p><strong>I n c e n t i v e s :</ strong></p>
<ul><l i >Performance−based annual bonus plan ,
p ro j e c t−complet ion bonuses</ l i >

</ul>
<p>I f i n t e r e s t e d in t h i s po s i t i on , p l e a s e emai l us your resume ,
a long with s a l a r y requ i rements and a cover l e t t e r to Jobs@abc .123.</p>
<p>Date Posted : 2011−10−31</p>

</div>

3.2 hr-xml/JobHeader and /PositionHeader

HR-XML specifications have been completed for: Background Check, Benefits Enrollment,
Competencies, Contact Method, DateTime Data Types, Effective Dating, Enrollment, Entity Iden-
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tifiers, Job And Position Header, Payroll Benefit Contributions, PersonName, Postal Address,
Provisional Envelope Specification, Resume, Staffing Exchange Protocol, Staffing Industry Data
Exchange Standards (SIDES), Stock Plan Interface Specification, Time Expense Reporting, Time-
Card Configuration, User Area, WorkSite and Environment.

Figure 2: An illustration of the hr-xml/JobHeaderAndPostionHeader schema.

hr-xml/JobHeader and hr-xml/PositionHeader are two elements that can be used to describe
a job and position. Both elements can be used together as they share the ‘JobId ’ element. For con-
venience, we will refer to this shared schema as the hr-xml/JobHeaderAndPostionHeader schema.
An illustration can be seen in Figure 2.

4 Comparison of Schemas

schema.org/JobPosting hr-xml/JobHeaderAndPositionHeader

-
provides a JobLevel field which can be used
to categorise jobs based on levels eg: “Developer”,
“Senior Developer”, “Manager”, etc.

-
provides a PositionStatus field which shows status
of position eg: filled, vacant, etc

-
provides a ReportToPositionId field which
identifies the person/entity you will report to
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Table 1 continued from previous page

schema.org/JobPosting hr-xml/JobHeaderAndPositionHeader

-
provides a SpecialInstructions field
eg: Report to 4th floor lobby

-
provides a Quantity field which allows to show the
number of positions eg: 4 positions for this JobId

-

provides a PositionSpecificField that has
information about any factors that could impact on
the risk evaluation or work environment of the
position

Provision for salary related information through
baseSalary, estimatedSalary,
incentiveCompensation fields

-

Provision for specific requirement information like
experienceRequirement, educationRequirement,
specialCommitment, qualifications, skills

No clear distinction but has only one field
PositionSpecificCondition where all requirements
can be described together

Provision for hiring entity information through
hiringOrganization and industry fields

-

Provides jobBenefits field -

Provides jobLocation field -

provides relevantOccupation field to define
occupation associated with jobPosting

provides position field which can be viewed as
similar to it

provides responsibilities field -

provides occupationalCategory field to categorise
occupation but forces to use BLS O*NET-SOC
taxonomy: http://www.onetcenter.org/
taxonomy.html for occupationalCategory

provides jobCategory field to categorise job and
jobCategory can be defined as we want

Pending fields educationalRequirements,
estimatedSalary, experienceRequirements,
occupationalCategory, qualifications,
relevantOccupation, responsibilities, skills

No such pending or in-progress fields

Table 1: Comparison of two existing schemas.
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4.1 Pending fields in schema.org

According to schema.org the pending extension is a staging area for work-in-progress terms
which have yet to be accepted into the core vocabulary. Pending terms are subject to change and
should be used with caution.

This means that, although schema.org has a larger vocabulary describing job posting, if there
are any changes in the pending fields before they cease being tagged as ‘pending’, these changes
would need to be applied to our project as well.

At this point, one can reflect on whether we need a larger vocabulary to define job postings.
Choosing a larger vocabulary may give flexibility to describe the listing the way one wants. However,
it requires us to accommodate ‘pending vocabulary’ which would require one to maintain and
update.

4.2 Drawbacks of Individual Schemas

We analyzed the potential drawbacks of using each of the schemas. These are discussed below.
With respect to the schema.org/JobPosting schema:
1. There are ‘pending’ fields which requires maintaining and update if necessary.
2. There is a provision to categorise occupation but forces to use BLS O*NET-SOC taxonomy:

http://www.onetcenter.org/taxonomy.html for occupationalCategory.
3. Missing vocabulary to provide number of positions available for a job.
With respect to the hr-xml/JobHeaderAndPostionHeader schema:
1. Missing vocabulary to define hiring organisation or entity.
2. Missing vocabulary to provide job location information.
3. Missing vocabulary to provide job salary related information.
4. Missing vocabulary to provide specific required competence like that of education, experience,

etc., however, all required competence can be dumped into element - ‘PositionSpecificCondi-
tion’ provided by hr-xml.

Bing supports schema:JobPosting markup, Google’s Job listing markup advises schema.org an-
notation, and job postings wishing to have a higher ranking in search results would follow Bing and
Google’s guidelines. All these aspects imply that there are larger benefits of adopting schema.org.
Based on a thorough analysis of existing schemas for job knowledge, and the overall benefits of
using a schema.org listing, we decided to adopt schema.org/JobPosting as the core schema for
the JKB within the scope of the DISKOW project. To overcome the limitations of missing at-
tributes, we introduce them as additional attributes stemming from the DISKOW project. These
two attributes are described in the following section.
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5 Extending the Schema

5.1 Additional Attributes

Our investigation revealed that the JobPosting schema did not capture the desirable attributes
to describe job knowledge in its entirety. Figure 3 shows some of the existing attributes within the
schema.org/JobPosting schema.

Figure 3: Some existing attributes within the schema.org/JobPosting schema.

For stakeholders who benefit from the DISKOW job knowledge base, there may be attributes
beyond those described in the schema.org/JobPosting schema that are of interest. Due to this, we
attempted to exhaustively identify attributes which could be essential. This led to the identification
of two attributes: (i) a job category attribute that can be useful to classify jobs, and (ii) an
attribute to describe the number of positions available with respect to a given job posting. At this
point, it is useful to mention that every property in schema.org has an additionalType attribute
which refers to a URL for an extended property. This URL can refer to hr-xml jobCategory
(which is openly defined and allows us to exploit the hierarchical ESCO categorization) and hr-xml
positionHeader/RequestedPerson (which will refer to the number of positions available).
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5.2 Data Models for Competency Definitions

We compared the benefits of adopting either the IEEE 1484.20.1 standard for reusable com-
petency definitions or relying on ESCO (European Skills, Competences, Qualifications and Occu-
pations), the European multilingual classification of Skills, Competences, Qualifications and Oc-
cupations2. The IEEE Standard for Learning Technology-Data Model for Reusable Competency
Definitions (IEEE 1484.20.1 ), defines a data model for describing, referencing, and sharing com-
petency definitions, primarily in the context of online and distributed learning. This Standard
provides a way to represent the key characteristics of a competency formally and independently of
its use in any particular context. This enables interoperability among learning systems that deal
with competency information by providing a means for them to refer to common definitions with
common meanings. On the other hand, ESCO works as a dictionary, describing, identifying and
classifying professional occupations, skills, and qualifications relevant for the EU labour market and
education and training. Those concepts and the relationships between them can be understood by
electronic systems, which allows different online platforms to use ESCO for services like matching
job-seekers to jobs on the basis of their skills, suggesting trainings to people who want to reskill
or upskill etc. ESCO is therefore very suitable for describing job knowledge within the scope of
the DISKOW project, and we thereby choose to enrich the job knowledge within DISKOW by
leveraging ESCO.

5.3 Semantic Enrichment of JKB Using ESCO

The aim of ESCO is to support job mobility across Europe and therefore a more integrated
and efficient labour market, by offering a “common language” on occupations and skills that can
be used by different stakeholders on employment and education and training topics. As a project
that is focusing on the European Labor Market, it is of paramount importance to build on existing
standards such as ESCO.

ESCO provides descriptions of 2942 occupations and 13.485 skills linked to these occupations,
translated into 27 languages (all official EU languages plus Icelandic, Norwegian and Arabic). Link-
ing the job knowledge available within the DISKOW JKB with ESCO descriptions can semantically
enrich available job knowledge, and further enhance end-user scenarios by facilitating deeper, more
complex analysis visualizations.

Semantically enriched job postings with the help of ESCO concepts and descriptions can help
stakeholders better understand:

• what knowledge and skills are usually required when working in a specific occupation;
• what knowledge, skills and competences are obtained as a result of a specific qualification;
• what qualifications are demanded or often requested by employers from those searching for

work in a specific occupation.

2https://ec.europa.eu/esco/portal
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Next, we describe the affordances using the so called three hierarchical pillars of ESCO3.

5.3.1 Occupations

Each occupation corresponds to an occupational profile. The profiles contain an explanation
of the occupation in the form of description, scope note and definition. Furthermore, they list the
knowledge, skills and competences that experts considered relevant terminology for this occupation
on a European scale. The following listing presents the levels of occupations.

0 Armed f o r c e s occupat ions
1 Managers
2 P r o f e s s i o n a l s
3 Technic ians and a s s o c i a t e p r o f e s s i o n a l s
4 C l e r i c a l support workers
5 S e r v i c e and s a l e s workers
6 S k i l l e d a g r i c u l t u r a l , f o r e s t r y and f i s h e r y workers
7 Craft and r e l a t e d t rade s workers
8 Plant and machine ope ra to r s and assemble r s
9 Elementary occupat ions

In ESCO, each occupation is mapped to exactly one ISCO-08 code. ISCO-08 can therefore be
used as a hierarchical structure for the occupations pillar. ISCO-08 provides the top four levels for
the occupations pillar. ESCO occupations are located at level 5 and lower.

5.3.2 Skills/Competences

This pillar distinguishes between i) skill/competence concepts and ii) knowledge concepts by
indicating the skill type. There is however no actual distinction between skills and competences.
Each of these concepts comes with one preferred term and any number of non-preferred terms and
hidden terms in each of the ESCO languages. It also includes an explanation of the concept in the
form of description, scope note and definition. The skills pillar of ESCO does not contain a full
hierarchical structure but is structured in four different manners:

• Through their relationship with occupations, i.e. by using occupational profiles as an entry
point;

• In the part of the transversal knowledge, skills and competences through a skills hierarchy;
• Through relationships indicating how knowledge, skills and competences are relevant to other

knowledge, skills and competences (in particular in cases of skill contextualisation);
• Through functional collections that allow to select subsets of the skills pillar.
The following listing presents the hierarchical structure of the skills/competences.

3https://ec.europa.eu/esco/portal/occupation
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−− Desc r ip t i on
−− D e f i n i t i o n
−− Scope notes
−− Al t e rna t i v e l a b e l
−− S k i l l type
−− S k i l l r e u s a b i l i t y l e v e l
−− Broader s k i l l s / competences
−− Narrower s k i l l s / competences
−− E s s e n t i a l s k i l l s and competences
−− E s s e n t i a l Knowledge
−− Optional s k i l l s and competences
−− Optional Knowledge
−− E s s e n t i a l s k i l l / competence o f
−− Optional s k i l l / competence o f
−− Regulatory aspect
−− Status
−− Replaces
−− Replaced by
−− Concept URI

5.3.3 Qualifications

These are the formal outcome of an assessment and validation process which is obtained when a
competent body determines that an individual has achieved learning outcomes to given standards.
Qualifications displayed in ESCO come from databases of national qualifications that are owned
and managed by the European Member States.
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6 Application in ‘Data Science’ – An Example

The core objective of DISKOW is to mine job postings freely available on the Web and social
media, and populate the JKB in accordance to the job knowledge schema. We can consider an
example use case scenario of an individual on one hand, who is interested in applying for ‘Data
Science’ jobs who uses the DISKOW JKB. On the other hand, within the scope of IO3 - Job
Knowledge Analysis Engine and Visualization Application Programming Interfaces (APIs), we will
develop methods to extract job-related information from Web and social media data to populate
the JKB and aid and such an end-user in finding appropriate job postings.

Figure 4 and 5 present an example job posting from datasciencejobs.de, a website that hosts
job postings related to the field of Data Science in Germany. As can be observed in the figures, the
job posting describes a Data Scientist role that is available at a company called Relayr in Munich,
Germany. Data extraction methods developed within the scope of IO3 will extract relevant content
from the job posting, and classification models will help map the relevant content to corresponding
fields of the DISKOW JKB schema.

For example, in Figure 4 the tasks that are expected from the Data Scientist can be mapped
onto the JKB schema attribute of responsibilities; the location of Munich, Germany can be
mapped to the attribute jobLocation, etc. Similarly, as shown in Figure 5 the skills expected from
the Data Scientist can be mapped onto the skills attribute within the JKB schema; the minimum
experience expected can be mapped onto the experienceRequirements attribute, and so on.
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Figure 4: Example of a ‘Data Science’ posting originating from Data Science Jobs.de (1/2).
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Figure 5: Example of a ‘Data Science’ posting originating from Data Science Jobs.de (2/2).
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7 Conclusions and Future Work

In this report, we presented the progress made and the goals achieved within the scope of the
DISKOW Intellectual Output 1 - Modeling and Meta-Modeling of Job Knowledge for Labor Market.
With an aim to provide a standard and extensible JK model which can inform and structure
the data within the DISKOW job knowledge base, we have adopted an existing ontology for job
knowledge from schema.org and extended it with additional properties from hr-xml following the
best practices laid out with respect to linked open data.

The schema thus lays the foundation for data extraction methods that will be developed through
the course of the rest of the DISKOW project within IO3; inform the services and structures
of the JKB within IO4; and finally facilitate a wide-range of application scenarios catering to
a variety of stakeholders. In the future, this report will be updated to reflect changes in the
schema.org/JobPosting schema if and when pending attributes are integrated.


