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Purpose of this document

The purpose of this document is to inform the Member States Working Group on the
developments and updates concerning the ESCO classification. This note covers
specifically the topic of the updates to the skills pillar in ESCO.

The first part of the note gives an update on the work regarding skills co-occurrence and
the related skills clustering, which will be covered and discussed in the next MSWG
meeting set for 14" of March 2025, in Brussels.

During the skills co-occurrence and clustering work, several observations were made that
contributed to the strategy for ESCO, which includes a more fundamental and
comprehensive restructuring for ESCO, based on sound heuristics. The second part of the
note therefore gives a practical introduction to the concept of a layered ontology which is
envisioned to be one of the foundations for ESCO in the future.

1. STATE OF PLAY OF THE WORK ON SKILLS CLUSTERING

During the November 2024 ESCO MSWG !, the Commission presented the progress
towards the development of a new system for clustering ESCO skills. This alternative
hierarchy aims to improve the user experience by making navigation within the
classification more intuitive, and to serve various use cases such as skill recommendation,
matching, or job and course recommendation.

The following sections summarise the methodology for this project, present the outcome
of applying the methodology, and discuss the consultation of the new data structures.

1.1. Methodology

The methodology for establishing an alternative skills clustering is based on a human-in-
the-loop approach that combines ontological design principles with data science methods.
Figure 1 summarises the methodology that consists of the following stages:

e Design of a top-level hierarchy based on ontological design principles.

e Manual allocation of individual skills to the top-level hierarchy assisted through
data science techniques.

e Skills co-occurrence analysis to understand which skills are reflected together in
labour market data.

The outcome of this process is a sector-driven skills hierarchy with all ESCO skills
allocated to one of the skills clusters from the top-level hierarchy, supplemented with
additional co-occurrence relations. The co-occurrence links allow to interpret links
between related skills from (distinct) clusters.

1 https://esco.ec.europa.eu/en/26th-esco-mswg-meeting-0
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Figure 1: Overview of the process followed for developing an alternative hierarchy for skills.

1.2. Outcome 1: Alternative skills hierarchy

Since the MSWG meeting in November 2024, the methodology has been applied to further
develop the top-level hierarchy and allocate all ESCO skills in this structure. The resulting
top-level hierarchy consists of 7 levels. Table 1 provides an overview of the domains that
are part of the first level and summarises the number of skills clusters and percentage of
skills located underneath each top category.

. . Number of Percentage of
Alternative hierarchy : . -
. underlying skills underlying
top-level skills cluster :

clusters skills
Academic and scientific research and development 28 6 %
Accommodation, tourism and food services 7 2%
Agriculture, forestry, fisheries and veterinary 26 5%
Architecture, planning and engineering 16 2%
Arts, entertainment and recreation 33 9%
Business operations, administration and auditing 13 6 %
Construction 19 3%
Education and training 12 3%
General/non-industry specific skills 0 1%
Health 29 8 %
Information and communication technologies 34 6 %

Legal sector, finance and accounting 12 4%



Libraries, archives, museums and other cultural

activities 3 1%
Manufacturing and retail 170 26 %
Mining and quarrying 1 1%

Public services and social work 12 3%
Transportation, logistics and storage 14 8 %
Utilities 13 3%

Wellbeing and personal services 7 2%

Table 1: Highest level (i.e. level 1) of the top-level hierarchy with corresponding child skills
clusters and percentage of allocated skills.

A summary of the number of skills clusters that are part of the different levels of the top-
level hierarchy is presented in Table 2.

Hierarchical level | Number of skills clusters

Level 1 19
Level 2 115
Level 3 159
Level 4 111
Level 5 29
Level 6 31
Level 7 4

Table 2: Number of skills clusters for each of the 7 levels of the top-level hierarchy.

The alternative hierarchy groups skills based on sectors. Table 3 illustrates this approach
by contrasting it with the existing skills hierarchy, by looking at skills from the existing
hierarchical groups S2.4.1 — Gathering information from physical or electronic sources,
S2.5.1 — Measuring dimensions and related properties and S4.1.0 — Developing objectives
and strategies.

Curr(_ant hierarchy ESCO skill preferred term Alterngtlve hierarchy
skills cluster skills cluster

S2.4.1 — Gathering Support activities for
information from synthesise research publications academic and scientific
research

physical or

electronic sources collect cyber defence data Cyber security




collect client fitness information

undertake employee screening

manage mine site data

evaluate social work program's
impact

Sports for wellbeing

Human resources and
employment activities

Support activities for
mining and quarrying

Social work

measure the human body for
wearing apparel

measure trees

draw up artists' measurements

measure pollution
S2.5.1 — Measuring
dimensions and

) measure precise food processing
related properties

operations

measure the impact of specific
aquaculture activity

measure yarn count

determine property boundaries

Wearing apparel

Forestry
Wearing apparel

Support activities for
construction

Manufacture of food
products

Aquaculture

Manufacture of textiles

Topography and land
surveying

develop non-hazardous waste
management strategies

create soil and plant
improvement programmes

develop health and safety
strategies in mining

S4.1.0 — Developing
objectives and
strategies

develop physiotherapy services

identify fitted source for heat
pumps

create an airport master plan

develop an animal handling
strategy

determine event objectives

Waste management
Carrying out gardening
activities

Occupational health and
safety

Provide medical treatment
according to method

Steam and air conditioning
supply

Airport planning
Tending animals

Event management

Table 3: Comparison of existing skills hierarchy and alternative skills grouping



Table 3 shows that existing skill group S2.4.1 — Gathering information from physical or
electronic sources contains skills such as evaluate social work program'’s impact, collect
cyber defence data and undertake employee screening. These skills are allocated to the
new skills clusters Social work, Cyber security and Human resources and employment
activities, respectively. This example illustrates that the existing hierarchy groups skills
also based on the underlying transversal activity (e.g. collecting information), thereby
placing less emphasis on the sector specific context. The alternative hierarchy addresses
this by explicitly grouping the skills by sector such that it reflects closer how workers and
employers conceive the skills in the labour market.

1.3. Outcome 2: ESCO skill co-occurrences

The Commission presented in the November 2024 ESCO MSWG the process to compute
ESCO v1.1.2 skill co-occurrences based on a sample of 20 million multilingual online job
advertisements as collected by Eurostat within the context of the Web Intelligence Hub
project 2. The process was performed for all ESCO skills, excluding skills part of the
language hierarchy or the transversal skills hierarchy, resulting in a total of 13,454
concepts. It resulted in skill pairs (Skill1, Skill2), where each skill pair has a co-occurrence
score defined as:

co — occurrence (Skilll, Skill2)
_ number of online job advertisements with Skilll and Skill2

number of online job advertisements with Skilll

The co-occurrence score ranges from 0 to 1 where higher values correspond to two skills
being more often present in the same online job advertisements. Only skills pairs with co-
occurrence larger than or equal to 0.2 were retained, resulting in a total of 59,846 pairs.

Table 4 summarises the proportion of ESCO skills that were observed as Skilll and Skill2.
Almost 80% of all ESCO skills have other co-occurring skills based on the analysis.
Around 60% of all ESCO skills are a co-occurring skill for another skill. These statistics
indicate that co-occurrence statistics are available for a very significant part of all ESCO

skills.
Number (percentage) of unique skills

ESCO 13,454 (100%)
Co-occurrence Skilll 10,674 (79%)
Co-occurrence Skill2 8,204 (61%)

Table 4: Coverage of observed Skill1 and Skill2 with respect to all 13,454 skills not part of the
language or transversal skills hierarchy.

2 https://cros.ec.europa.eu/landing-page/web-intelligence-network



Table 5 illustrates that 58% of all co-occurring skill pairs have a co-occurrence value
between 0.2 and 0.4, while 42% is within the range 0.4 — 1.0. Examples of co-occurring
skill pairs with co-occurrence in the range 0.2 — 0.4 are (VBScript, operate relational
database management system) and (diagnose genetic diseases, clinical biology). Examples
from the group with larger co-occurrences values are (ensure compliance with railway
regulation, railway framework legislation) and (add slabs to ceramic work, ceramic ware).
These examples show that a larger co-occurrence often means the two skills share a
specific and important aspect.

Number
(percentage) of
co-occurring
skill pairs

Co-occurrence

Co-occurring skill pair

VBScript
operate relational database management system

diagnose genetic diseases

clinical biology
create moving images

02<=X<04 34517 (58%) .
Adobe Photoshop Lightroom

ingredients for beer production
modern brewing systems

natural language processing
machine learning

ensure compliance with railway regulation
railway framework legislation

add slabs to ceramic work

ceramic ware

enterprise risk management
04<=X 25,329 (42%) i
risk management

produce guitar components
types of guitars

repair electric bicycles
bicycle mechanics

Table 5: Number and share of skill pairs by co-occurrence score group and corresponding
examples.

The alternative hierarchy, as described in Section 2.1, provides the basis to serve multiple
use-cases, e.g., improved browsing of the taxonomy or statistical reporting. In addition,



skills co-occurrences can support use-cases such as skill recommendation and job
recommendation, which require additional information that is not fully captured in the new
hierarchical structure. Co-occurrence indicates that there is some sort of relation between
two skills, but it does not specify whether this relationship is hierarchical or another type
of relation. With hierarchical relations alone it is not possible to contextualise skill
concepts in every possible way.

Table 6 presents a statistical summary that measures to which extent the co-occurrence
relations and the alternative hierarchy relations differ from each other. This analysis is
performed by computing for each co-occurring skill pair the level of their lowest shared
parent concept in the hierarchy (i.e. lowest common ancestor). When the lowest shared
parent of two co-occurring skills is deeper in the hierarchy (e.g. level 3 and beyond), the
co-occurrence and alternative hierarchy are more aligned in terms of information content.
When the lowest shared parent is higher in the alternative hierarchy (e.g. level 1 or 2), the
information represented by the co-occurrence and grouping in the alternative hierarchy is
more different. For example, 28% and 16% of all co-occurring skills have their lowest
shared parent on level 1 and level 2 of the alternative hierarchy, respectively. On the other
hand, 24% and around 30% of co-occurring skills have their lowest shared parent on level
3 or level 4 — 9 in the hierarchy. This indicates that the alternative hierarchy and co-
occurrence information have a different nature and complement each other.

Alternative hierarchy - . -
ercentage o

level of lowest common ancestor for | o gccurring skill pairs
co-occurring pair

28 %

-

16 %
24 %
20 %
7%
2%
1%
0.1%

© o0 N o o B~ O w P

0.01 %

Table 6: Summary statistics for level of lowest common ancestor for all co-occurrence pairs.

To illustrate the difference in nature between the hierarchical structure and co-occurrence
pairs, Table 7 provides examples of co-occurring skill pairs that have their lowest shared
skill cluster on level 1 (i.e. part of the 28% as depicted in Table 6). All these examples are
in a different part of the alternative hierarchy from the top-level on.



purchase supplies

accounting

Co-occurring skill pair Alternative hierarchy skills cluster

Procurement

Legal sector, finance and accounting

mix chemicals

chemistry

Manufacture of chemicals and chemical

products

Natural sciences

assess railway operations

railway law

Rail transport

Body of law

train staff to reduce food waste

food waste monitoring systems

Workplace learning

Software for specific industries and
occupations

control tree diseases

maintain landscape site

Forestry

Carrying out gardening activities

perform lectures

conduct public presentations

Education science

Business communication

biosecurity related to animals

biosecurity

Tending animals

Support activities for health

bookkeeping regulations

office software

Accounting

Digital tools for collaboration and
productivity

extinguish fires

conduct fire safety inspections

Fire services

Occupational health and safety

manage land resources permits

environmental legislation

Urban planning

Body of law

Table 7: Co-occurring skill pairs and corresponding skills cluster.

The following examples explore this difference between co-occurrence and alternative
clustering or hierarchy in more detail. At the same time, these examples also illustrate how
this exercise, based on data science, is the stepping stone towards the implementation of
the longer-term vision for ESCO where additional information is added through
ontological relations between concepts.

Chemistry example: The concept chemistry co-occurs with mix chemicals. The reason
these two concepts are not located in the same skills clusters tree is because chemistry is
an area of knowledge that is relevant to a variety of areas such as manufacturing,
agriculture, mining, and utilities. The longer-term strategy for ESCO envisions to add an



ontological relation specifying that chemistry is an area of knowledge that is relevant to

mix chemicals.

academic and scientific
research and
development

‘ manufacturing and retail ‘

H

‘ manufacturing ‘

[

manufacture of

—{ natural sciences ‘
CO-0CCUrs
with

+ chemistry

academic
knowledge
relevant to
to

a{ biology ‘ |

chemicals and chemical

products

*»{ mix chemicals

Figure 2: Chemistry versus mix chemicals.

Environmental legislation example: The concept environmental legislation co-occurs
with manage land resources permits, which is an area of urban planning. The two concepts
are not assigned to the same skills clusters tree because environmental legislation is
relevant for a wide variety of industries such as utilities, agriculture, manufacturing, and
transportation as well as urban planning. The longer-term strategy for ESCO envisions to
add an ontological relation specifying that environmental legislation is an area of body of
law that regulates urban planning (which includes manage land resources permits).



architecture, planning legal sector, finance and
and engineering accounting

‘ legal activities ‘

—{ urban planning H

.| co-occurs ‘ body of law ‘
| with

_, manage land resources
permits

—-‘ environmental legislation ‘
h

| Is regulated
by
|

4>{ apply territory planning

Figure 3: Environmental legislation versus manage land resources permits.

Office software example: The concept office software co-occurs with bookkeeping
regulations. The concepts are not assigned to the same skills clusters tree because office
software is a software tool that is relevant to all industries. In this instance, there is no
direct semantic relationship between office software and bookkeeping regulations.
However, the longer-term strategy for ESCO envisions to capture the co-occurrence
indirectly, by representing the relation that exists between office software and other
narrower terms of accounting, such as for example prepare tax returns forms.

information and legal sector, finance and
communication accounting
technologies

l

software and applications v

development and accounting }7

analysis

software ‘

Software tools ‘ ’—>{ bookkeeping regulations |-
CO-0CCUrs
with

using digital tools for ‘ accounting entries ‘-—

collaboration and

productivity digital tool

] used for >{ prepare tax returns forms |«

office software }—
|

Figure 4: Office software versus bookkeeping regulations.



1.4. Consultation

The Commission launched the consultation of the alternative skills hierarchy and skills co-
occurrence data on 26 February 2025. The consultation is expected to end by 15" May
2025 and includes twelve registered participants listed below.

Organisation/Company name Organisation type

APIROPLUS Solutions Ltd. Private Sector Company Cyprus
Arbetsformedlingen (Swedish : :
Public Employment Agency) Public Employment Service Sweeden
Clarifiet Private Sector Company Denmark
Danish Agency for Labour : :
Market and Recruitment Public Employment Service Denmark
. Public Employment Service or .
European Commission other Public Authority Belgium
. Public Employment Service or .
European Commission, DG HR other Public Authority Belgium
Finnish National Agency for Public Employment Service or Einland
Education other Public Authority
Lightcast Private Sector Company Italy
Palacky University Olomouc Education Provider Czech.
Republic
Saipem Private Sector Company Italy
VDAB Public Employment Service Belgium
XOBOL Private Sector Company Greece

Table 8: List of participants for the Skills Clustering consultation

The primary objective is to assess the usability of the proposed structure by engaging with
ESCO implementers. Specifically, the focus will be on gathering feedback on whether the
alternative structure and co-occurrence data meets the needs of various ESCO use cases,
such as intuitive navigation, skill recommendation, statistical reporting, and job or course
recommendation. Testing organisations are tasked with the analysis of the usability of the
new structure in their core businesses and to provide feedback on the structure and
granularity as well as on the applied methodology. The goal of the consultation is not to
validate the allocation of individual skills in the hierarchy or individual co-occurring skill
pairs.



A table with the alternative hierarchy (i.e. top-level hierarchy and allocated skills) was
provided to the participants (Figure 9). Each line of the consultation file represents the
path from the top-level of the hierarchy to the allocated ESCO skill:

Identifier Level X: Identifier of skills cluster or allocated ESCO skill on level x

PT Level X: Preferred term of the skills cluster or allocated ESCO skill on level x

PTLevel 1

general / non industry specific skills
general / non industry specific skills
general / non industry specific skills
general / non industry specific skills
general / non industry specific skills
general [ non industry specific skills
general / non industry specific skills
general / non industry specific skills
general / non industry specific skills
general / non industry specific skills
general / non industry specific skills
general / non industry specific skills
general / non industry specific skills
general / non industry specific skills
general / non industry specific skills
general / non industry specific skills
general / non industry specific skills
general / non industry specific skills
general / non industry specific skills
general / non industry specific skills
general / non industry specific skills
general / non industry specific skills
general / non industry specific skills
general / non industry specific skills
general / non industry specific skills
general / non industry specific skills
general / non industry specific skills
general / non industry specific skills
general [ non industry specific skills
general / non industry specific skills
general / non industry specific skills
general / non industry specific skills
general / non industry specific skills
general / non industry specific skills
general / non industry specific skills
general / non industry specific skills

Identifier Level 2
http://data.europa.eu/esco/skill/03b3b491-fc9b-4868-914a-bf7eda7h5041
http://data.europa.eu, kill/083bab: 4-40fb-8c04 152
hitp://data.europa.eu/esco/skill/08e2ff26-88ff-47b5-9d37-d19ace01b075
http://data.europa.eu, kill/0b071b01-4b40-4936-9d6d 104
http://data.europa.eu/esco/skill/0b144726-21c2-16ed-8d13-c03d27f61604
http://data.europa.eu/esco/skill/0c606377-fbd6-4766-b700-bad5246 70073
http://data.europa.eu/esco/skill/02161427-3369-4700-8669-92226207f6d0
http://data.europa.eu/esco/skill/0e212183-2787-4f23-2240-93b4160088c2
http://data.europa.eu/esco/skill/0f46a403-9606-465f-8247-8ae975ff4f35
http://data.europa.eu/esco/skill/1835a7cl-600e-4b16-a0af-fo4f7d8d77b9
http://data.europa.eu/esco/skill/194c05ed-253c-485a-8bf0-Oc8de lazafda
http://data.europa.eu/esco/skill/1ba53ce0-7fec-434b-8d5c-9b275250a260
http://data.europa.eu/esco/skill/1dealf3a-857c-4fc3-b1f8-d5F2015c46a9
http://data.europa.eu/esco/skill/23ac233c- 84ad-4517-b0f5-8cal9ba2614e
http://data.europa.eu/esco/skill/26a6e6d2-1c9a-4d7e-8c04-5bal6d1f53da
http://data.europa.eu/esco/skill/3035be48-c249-453f-bf11-ch2721944858
http://data.europa.eu/esco/skill/3035be48-c249-453f-bf11-ch2721944808
http://data.europa.eu/esco/skill/30b1f3el-1586-4d41-aa02-e2ab021b5164
http://data.europa.eu/esco/skill/38783a64-6271-40ff-9e0b-5644c38322F
http://data.europa.eu/esco/skill/3a876d1c-3dd5-45ed-9a27-47cdbeedboe?
http://data.europa.eu/esco/skill/414332e4-8347-4771-b947-65bd3801a620
http://data.europa.eu/esco/skill/4659e742-7568-4b16-86df-57ch66fddI26
http://data.europa.eu, kill, 1ec6-42ba-4 f4-c7673b0c07f4
http://data.europa.eu, kill, 2¢c6e3-f6c7-49bf-bfe6-f 1237054f
http://data.europa.eu/esco/skill/ab3c8605-819d-4b38-83fc-f23663e78dcy
http://data.europa.eu/esco/skill/4e7b2c61-aad2-404c-995F-32281b818923
http://data.europa.eu/esco/skill/50ab7296-bc34-4ch1-9fdb-7cf 7b6f30f3c
http://data.europa.eu/esco/skill/512dc6ag-d55f-4042-a565-4a929731dl3e3
http://data.europa.eu/esco/skill/: da3-4077-a7ee-
http://data.europa.eu, Kill, b-475f-88e4-
http://data.europa.eu/esco/skill/59429 7f-8b95-4094-b1cf-97cbb55603d

PT Level 2

create solutions to problems

integrate strategic foundation in daily performance
manage feedback

identify support mechanisms to develop your professional practice
perform multiple tasks at the same time
screen clients

discern written communication

maintain personal hygiene standards
communicate verbal instructions

develop personal skills

fallow work schedule

prepare presentation material

give instructions to staff

monitor developments in field of expertise
greet guests

deal with challenging work conditions

deal with challenging work conditions
handle paperwork

consultation methods

ensure informatian transparency

use consulting techniques

provide input to collaborators to guide their work.
process commissioned instructions

comply with schedule

consultation

have spatial awareness

maintain work standards

prepare work instructions

follow written instructions

work with different target groups
participatory decision-making

http://data.europa.eu/esco/skill/59ad10b1-6f71-4dd4-ad1f-al
http://data.europa.eu/esco/skill/5a927fa0-d62e-4d54-ae12-97fd6cad5762
http://data.europa.eu, d40-40d5-b771
http://data.europa.eu ill 4608-b824
http://data.europa.eu/esco/skill/5fa6ed2f-9bab-4afa-a184-2d214016770

show professi

responsi
exercise self-control
perform technical tasks with great care
monitor recommendation follow-up
write meeting reports

Figure 5: Consultation file for alternative skills hierarchy.

Similarly, a table with co-occurrence statistics was provided (Figure 10):

Skilll URI: URI of ESCO skill 1

Skilll PT: Preferred term of ESCO skill 1

Skill2 URI: URI of ESCO skill 2

Skill2 PT: Preferred term of ESCO skill 2

Co-occurrence score: Co-occurrence (skill 1, skill 2)



Skilll URI

hitp://data. eur
hitp://data. eur
hitp://data. eur
http://data. europa.

/0005c151-5b5. Abeblab
Abeblab
Abeblab

dbeblab

/0005c151-5b5.

H1/0005¢151-5b5,

22333

i1/0005¢151-5b5a-4

htip://data.europa 4775-812d-454b-90cT

http://data. europa.

4 fad-454b-90c7.

http://data. europa.et 100064
hitp://data. europa.eu/esco/skill/0007bdc2-dd15-4824-b706-416522c46135
hitp://data. europa.eu/esco/skill/0007bdc2-dd15-4824-b706-416522c46135
http://data. europa.eu/eseo/skill/0007bdc2-dd15-4824-b7d6-416522c46135
hitp://data. europa.eu/esco/skill/0007bdc2-dd15-4624-b7d6-416522 46135
hitp://data. europa.eu/esco/skill/0007bdc2-dd15-4624-b7d6-416522 46135
hitp://data. europa.eu/esco/skill/0007bdc2-dd15-4624-b7d6-416522 46135
hitp://data. europa.eu/esco/skill/0007bdc2-dd15-4624-b7d6-416522c46135
http://data. europa. et 1-1127-439e-ade0-19a67a501bic

http://data. europa. et bb1ed-8910-4b86-b: 41724
http://data. europa.eu/esco/skill/001d46db-035e-4b92-63a3-ed8771e0c123
http://data. europa.eu/esco/skill/001d46dh-035e-4b92-83a3-ed8771e0c123
http://data. europa.eu/esco/skill/001d46dh-035e-4b92-83a3-ed8771e0c123
http://data. europa.eu/esco/skill/001d46dh-035 e-4b92-83a3-2d8771e0c123
hittp://data. europa.eu/esco/skill/001d46dh-035-4b92-83a3-ed8771e0c123
hitp://data. europa.eu/esco/skill/001d46db-035-4b92-83a3-ed8771e0c123

fad-454b-90c7

httpi//data, eur i1L/0023e7a5-43da-4b65-b 119860
http://data.europa.et i11/00236745-43d a-4b65-b 11986
http://data.europa.et 5-43cla-dbGE-b 219850

! 95097-30c3-4 bee0a2fbasst

http://data. europa.
http://data. europa.et 100298197-3dc3-4086-2902-bee0a2fbas3l
hitp://data. europa.eu/esco/skill/0037¢821-2898-2919-h96 e-Ted1cd89s54c
hitp://data. europa.eu/esco/skill/0037¢821-2898-2919-h96 e-Ted1cd89s54c
http://data. europa.eu/eseo/skill/0037c821-2808-4919-h96 e-Ted1cd89554c

skill1 PT
manage musical staff

manage musical staff

manage musical staff

manage musical staff

supervise correctional procedures

supervise correctional procedures

supervise correctional procedures

control compliance of railway vehicles regulations
control compliance of railway vehicles regulations
control compliance of railway vehicles regulations
control compliance of railway vehicles regulations
control compliance of railway vehicles regulations
control compliance of railway vehicles regulations
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Figure 6: Consultation file for ESCO skill co-occurrences.

2.  ESCO AND LAYERED ONTOLOGIES
2.1. Introduction

One of the main goals for the future of ESCO is to transform the classification into an
advanced ontology, more specifically a domain ontology that represents the labour market
and is structured based on sound ontological principles and heuristics. To this end, and as
a first step, this note introduces the concept of layered ontologies into ESCO and
establishes the differences between a data model and an ontology within the ESCO
classification. However, this analysis on ontology layers will not be presented in the March
2025 MSWG, and instead will be subject of a dedicated focus meeting due to its
significance and impact.

An ontology and a data model not only serve distinct purposes but adhere to different
design principles as well. However, currently there is no clear separation between what
parts of the ESCO model are a data model, and which parts are an ontology.

The transition of what is currently called ‘ESCO Taxonomy’ into a domain ontology
requires further terminological clarification. It will no longer be accurate to use terms such
as ‘taxonomy’, ‘terminology’ or ‘vocabulary’ for describing ESCO. Defining the several
meanings that the term ‘ontology’ can have is relevant because the boundaries between
what is modelled in the ‘ESCO Model’ vs the ‘ESCO Taxonomy’ will become more
blurred.

2.2. Definition of a data model

A data model is a structured, conceptual representation of data elements and the
relationships between them, within a specific system or application; addresses the logical
and physical organisation of data. The focus is on how data is organised, stored and
retrieved. Data models define entities, attributes, and relationships for organising and
managing data in a way that supports the needs of a particular context, such as a database
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or information system. Unlike ontologies, which aim to describe the meaning and
interconnections of concepts as they exist in reality, data models are more concerned with
the technical aspects of data management.

The ESCO data model is not required to adhere to the heuristics developed for the ESCO
ontology, such as ontological realism, as it is not concerned with describing reality. An
analysis of potential IT solutions will be conducted to determine the most efficient
approach for classes and properties that are exclusively part of the data model layer.

2.3. Definition of ontology

An ontology is a representational artifact designed to capture the meaning of concepts and
the relationships between them as a representation of reality (ontological realism); in the
case of ESCO this is the European labour market. It serves as a formal, explicit
specification of a conceptualisation; it provides a clear and unambiguous description of the
concepts and their interconnections, intended to be shared and understood by a community
of users. Unlike data models, which focus on the organisation of data, ontologies are
concerned with representing the actual entities within a domain and their inherent
relationships, rather than the strings or data that reference those entities.

The concept of ‘ontology’ is grounded in both ‘applied ontology’ and ‘philosophical
ontology’. In applied ontology, the focus is on the science of meaning, where the meaning
of concepts is expressed through formal logic and articulated in a way that aligns with the
language and needs of a specific business or domain. An ontology includes a taxonomy (a
hierarchical classification of entities) as a fundamental component, and it extends to
include defined classes and the relationships among them.

Classes and properties that belong to the ‘ESCO ontology layer’ need to follow the
established ESCO heuristics, as they constitute a representational artifact that makes an
objective representation of reality machine-readable..
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Figure 7: Differences between a data model and an ontology in the context of ESCO



2.4. Layered ontologies

A layered ontology is a method of structuring an ontology by dividing it into distinct layers,
each representing a different level of abstraction or specificity. This hierarchical
organisation enhances the management, extension, and reuse of the ontology. In a layered
ontology, the layers are typically organised from the most abstract concepts at the top to
the most specific, domain-dependent concepts in the middle, and user-specific layers in
the bottom. This layered approach offers advantages in the work of ESCO:

o Different heuristic principles can be applied to each layer.
e Each layer can be developed, maintained, and updated independently.

e New layers can be added to the ontology as needed without disrupting the existing
structure.

Upper-
level
ontology

Upper
domain
ontology Ontology

Layered

Domain ontology

Figure 8: lllustration of a layered ontology
2.5. Upper level / top-level ontologies

A top-level ontology is a domain-neutral ontology that defines the most general and
fundamental concepts applicable across all fields of knowledge. These ontologies are
designed to provide a broad, abstract conceptualisation of the world by including universal
categories such as "object,” "process,” "space,” and "time." These concepts are
independent of any specific domain or problem, making top-level ontologies key for
ensuring consistency and coherence across various domain ontologies.

While a domain ontology organizes and makes sense of data within a particular field, a
top-level ontology provides a universal structure that supports the organisation and
integration of multiple domain ontologies.

In the context of ESCO, plans for reusing any specific top-level ontologies are still under
discussions. Top level ontologies will be highly relevant for the development of ESCO’s
domain layer ontology, and it might be mapped (even if partially) to one or more upper
ontologies. Concepts from top level ontologies are also being used by ESCO for creating
methodologies for measuring granularity of concepts.



2.6. Upper-domain ontology

Upper-domain ontologies are an extension of domain ontologies. They model domains of
reality that are not as general as upper-level ontologies, but that are still very general and
relevant for different domains. In the context of ESCO this layer is useful for concepts
such as skills, knowledge, activities, and occupations, which are not general enough for
being a part of an upper-level ontology but constitute the top-level architecture for ESCO
and should be distinguished from the remaining elements that belong to the domain layer.

2.7. Domain ontology

A domain ontology is an ontology that provides a shared and structured representation of
the concepts, relationships, and knowledge within a specific domain or subject area. It
offers a common point of reference, enabling a consistent understanding of what data
elements represent in the real world within that domain.

A domain ontology is tailored to a delineated portion of reality, in ESCO’s case the
European labour market. Each domain ontology consists of a taxonomy (hierarchical
relations) together with other types of relationships such as “part_of" or
"has_functionality.” In this way, a domain ontology goes beyond a simple classification or
terminology, providing a detailed and controlled representation of the entities, classes, and
relationships relevant to the domain. This is the vision for ESCO taxonomy in the long
term.

2.8. Application layer of an ontology

An application layer of an ontology is a specialised layer created to address a specific use
case within a particular context or domain. Unlike top-level or domain ontologies, which
aim to provide a broad or objective representation of knowledge, application ontologies
are tailored to solve particular problems, or perform tasks. As they are not intended to
model an objective description of reality, they should therefore be a part of the ESCO data
model instead of the ESCO ontology.

The application layer of an ontology reuses portions of existing top-level or domain
ontologies, integrating the parts that are relevant to the specific application. In ESCO
example for this would be the
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Figure 9: Interaction between a domain ontology and an application layer

2.9. Conclusion

This analysis helped distinguish the several layers that constitute the ESCO model. The
differences between which classes and properties of the ESCO model belong to the data
model layer or the ontology layer are now clearer, as well as the different functionalities
and design principles that are applicable to each of the ontology layers of ESCO.
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Figure 10: Representation of the layers of the ESCO model



