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Executive Summary

BRIDGING THE GAP is a 24 month duration project funding from the European Union’s Erasmus+:
KA220-YOU under Grant Agreement 2021-1-EL02-KA220-YOU-000028780.

The overarching objective of the BRIDGING THE GAP project is to provide a holistic approach beyond
a classical skill-matching system to a system that will bridge the gap as to who are the underprivileged
and why are they underprivileged and how education and skill improvement will benefit them.

The main purpose of this document is to a report the progress of the BRIDGING THE GAP project during
the deliverable 3.2. More specifically, this report represents Deliverable Objective 03.2 for the “Bridging
the Gap” project. The report summarizes the project results obtained for tasks “Design & Implement
Intelligent service for skill-building” and “"Design & Implement Intelligent service for skill-building”. The
report contains theoretical knowledge on analytics and recommendation systems for the job market,
the implementation of a microservice-based multi-agent system (MAS) for the job market and some
quantitative results produced by this system.
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1 Introduction

1.1 Purpose of the document

The purpose of this document is to present the progress of the project during the second
implementation phase regarding the implemented research activities as they are reported in Project
Results 3 (deliverable 3.2).

1.2 Intended audience

The intended audience of this document consists of the following target groups:
e BRIDGING THE GAP project partners and the Project Officer at the National Agency
e Young people, especially on the Balkan area, that are interested in skill building/matching
e Labour market actors
¢ Universities, course providers

1.3 Work Package Objective

The results included in this deliverable are part of O3 result type representing the “Development and
integration with the agent-based module”. O3 aims to design and develop an agent-as-a-service
approach to support the objectives of the project tools. The Multi-Agent System (MAS) is responsible
with the skill building component that complements the skill matching component provided by other
tools.

To anticipate and analyse skills needs, to support and facilitate regional forecasting and monitoring as
far as the needs for jobs and education are concerned, the achievement of O3 assumed the realization
of the following tasks:

- Design & Implement agent-based architecture (T3.1)
- Design & Implement Intelligent service for skill-building (T3.2a)
- Design & Implement Intelligent service for predicting needs concerning labour market (T3.2b)

Results obtained in T3.2a and in T3.2b are included in this deliverable that addresses sub objective
03.2 “A virtual assistant service for designing and proposing life-long training paths for skill-building”.
Results obtained in T3.1 are aggregated and included in another deliverable that addresses sub
objective 03.1 focused on “Module (agent-based) architecture”.

A part of the results included in this report were presented in an international conference and are under
publication [5]. Some of the results included here were presented at the DAAD workshop [6]. Some of
the use cases were derived from our previous work [7].

1.4 Structure of the document

In chapter 2, this report provides a general overview of essential methods and technologies needed to
support our work: recommender systems and analytics for the job market.

In chapter 3, this report introduces our proposed MAS architecture for the job market focusing on
presenting the agent types specialized for the job market and their functions.

In chapter 4, this report provides some details of our implementation using state-of-the-art software
technologies, focusing on the goals of tasks T3.2a (skill gap analysis) and T3.2b (training path
recommendation). We also present some quantitative results produced by our system, based on the
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available data set. The last section of the report concludes and points to future works and
improvements.

In chapter 5, this report concludes the findings.
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2 Theoretical knowledge

The pillars of our proposed MAS architecture for the job market consist of analytics and recommender

systems for the job market, so we briefly outline them in the next two sub-sections of this report.

2.1 Recommender Systems
Recommender systems (RS) are specialized information filtering systems that aim to generate useful
recommendations for users on items or products that might interest them for particular uses [1]. There

is a large variety of applications of RS, including the job and labour market [3].

The main problem of a RS system can be formulated either as a prediction problem, i.e. to predict
the user rating of a certain item of interest, or as a ranking problem, i.e. to determine the most

appropriate items for a given user or of the most appropriate users for a given item.

The main challenge of RS is that realistic data sets are very sparse and the RS should be able to produce

meaningful predictions and rankings under these realistic circumstances.
The standard classification of RS identifies the following two major classes [1]:

o Content based filtering RS. They use the descriptive attributes of items to make

recommendations. The term “content” refers to these descriptions.

o Collaborative filtering RS. They exploit similarities between users or between items to
make recommendations. More advanced systems use parameterized models inspired by

classification and regression techniques from Machine Learning.

RS are currently a hot research topic involving various techniques from the fields of Data Science,

Artificial Intelligence, and Multi-Agent Systems [3], [4].

2.2 Analytics for the Job Market

Analysis of skill shortages and measurement of skill mismatch are complex and challenges problems.
According to [2], skill mismatch “refers to the gap between the supply and demand for skills, typically

with reference to a specific geographical unit (region, country or country

group), and to the fact that observed matches between available workers and available jobs offered by
firms in terms of skills and/or qualifications are sub-optimal.” So basically skill mismatch occurs when

workers have a level of skills that is different from what is required for their job [2].

Following our semantic data model, we identified the following relevant entities that are relevant for
quantifying various aspects of the job market: occupation, skill, curriculum vitae (CV), and job vacancy
(JV). Their standard representation using the “European classification of Skills, Competences,

Occupations and Qualifications” known as ESCO! allows the modelling of occupations, CVs and Vs as

bags of skills.

1 European Commission, ESCO. https://esco.ec.europa.eu/en
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Let 0 = {1,2, ..., n} be the set of all occupationsand S = {1,2, ..., m} derived from the ESCO data model.
We also assume that our semantic data base contains a set of CVs denoted by ¢ = {1,2....,k} and a set
of JVs denoted by J = {1,2, ..., g}. Note that a CV actually corresponds to a job seeker (JS), i.e. a person
interested to find an appropriate job. For this purpose the job seeker uploads his or her CV to our

system.

Our system is also recording information about education providers by means of units of learning (UOL).
Let us denote the set of UOLs by U = {1,2, ...,7}.

Let i € C be a particular CV. We denote by S: c S the set of skills associated to the CV with index i.
Similarly, let i € J be a particular JV. We denote with S/ c S the set of skills required to perform the
tasks associated to JV with index i. Also, let i € U a specific UOL. We denote by S, c S the set of skills

provided by successfully finalizing the learning activities associated with UOL with index i.

An occupation i € 0 is also conceptualized a set of skills. We denote with S5 c S the set of skills

associated with occupation with index i.

Note that usually a CV with index i of a JS mentions both occupations that the person held in the past
as well as other separate skills. They are defined by means of functions skills(i) and occupations(i).
The set of skills associated to a CV i is thus the union of all the skills included in the CV, either directly

or via occupations. This shows that
Sé = skills(i) U Ujeoccupations(i) Sé

Skill demand and supply. It is necessary to identify the skill demand, the skill supply and the skill

upgrading options that are currently available on the job market. This is useful to determine skill
popularity and the key skills that are needed by a JS to be able to find a suitable job. Moreover, these
metrics are useful to assess the skill gap between skill demand and skill supply, i.e. what is currently

missing in the labour market to cover the needs of the job market.
Skill-JV matrix S_J € |S| x || records if a certain skill i is required for JV j. It is defined as:
sy |1 if ies/
o if ies)
Skill-CV matrix S_C € |S| x |C| records if a certain skill i is included in CV with index j. It is defined as:
Sl = {1 if i€ SQ
0 if igs,
Skill-UOL matrix S_U € |S| x |U] records if a certain skill i can be acquired by following the UOL with
index j. It is defined as:
S Ui'j:{l if lESU'
B 0 if igs})

Skills demand aggregates the total number of JVs that require a specific skill i € S:

S&emand = Zje] SJ¥

11
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Skill supply aggregates the total number of CVs that provide a specific skill i € S:
Ssiupply = Zje] S_Ci'j

Skill learning supply aggregates the total number of UOLs that provide a specific skill i € S:
Sliearn = Zje] S—Ui’j

Skill co-occurrence. Skills may co-occur in the same context, thus providing very useful information for

all the stakeholders of the job market.

For example, if two different skills occur in the same JV, we can conclude that those two skills maybe
somehow related (they could be both required for fitting certain jobs). Consequently the system can
use this information for collaborative filtering recommendations of suitable JVs or suitable UOLs. For
example, if a JS somehow possesses only one of those two skills, it might be useful for him or her to
try acquiring the second skill through an appropriate UOL in order to increase the chance of find finding

a suitable job in the near future.

Such co-occurrence matrices can be computed for CVs, JVs and UOLs. For example, the skill co-

occurrence matrix for JVs is a matrix JJ € |S| x |S| defined as:
JIY = Yrey SJV - S Ik

CV to CV and 1V to 1V similarities. For measuring similarity between two JSs it is useful to determine

similarity of two different CVs, i.e. the degree to which they match. This metric is useful for collaborative
filtering recommendations to decide if two JSs can be considered similar. For example, if one ]S i had
a certain JV k and another JS j seems similar in terms of his or her CV with JS i, we can try to

recommend to j a JV that is more similar to k.

Such similarities exploit the representation of CVs and JVs as bags of skills so we can apply the well-
known Jaccard index. Here CV2CV € |C| x |C| and JV2JV € |]| X |]]|.

CV2Ccyi = M
IS¢ U S|

i ~ )

JV2Jvii = 5oyl
1S; US|

CV to JV similarity. Probably the simplest method for recommending JVs to JSs is by matching their CVs

with available JVs to check if provided skills attached to a CV cover the skills required by a JV. This is
defined as CV2JV € |C| x |J| with the equation:
NI

CV2JVii = ;
N

Skill gap analysis. It aims to identify the skills that are in high demand but in short supply in the labour
market. It evaluates the gap between required skills in JVs and available skills in CVs.

The skill gap metaphorical equation can be described as follows and it applied for each skill found in

JVs posted on the job market:

12
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Skill Gap = JVs Required Skills — CVs available skills

13
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3 MAS for Job Market

3.1 Use Cases

We identified a number of use cases for our system, as depicted in Figure 1.

Replace CV Add CV

‘vv Get UOL

Recomandations )

Account Based on Market
Management
T Get Job
Recomandations |
Based on CV
‘ Get
s —_—
Liser Recomandations
Get UOL
Recomandations )
Based on CV
Get UOL
Get Job Market Recomandations )
Statistics Based on Market
Get Skill Gap ) Get Skill Frequency Get Skl Co-

Occurence

Figure 1: Use Cases of MAS for Job Market.

The use cases are focused on the following aspects:

. Recommend JVs to a JS

o Recommend a few occupations to a JS

o Recommend a few courses to a ]S

o Help a company improve a JV’'s description

o Help a course offering company improve a course’s description

. Perform job market summary analysis including gap an analysis

o Recommend personalized plan for skill improvement using open or low-cost educational
activities.

3.2 Agent Types for the Job Market

Following use cases defined in the previous sub-section we identified the main agent types are were
included in our MAS. They are specializations of the base types of agents introduced in Deliverable

03.1: middle agents, interface agents and task agents.

14
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Interface agents include personal agents and data management (or query) agents.
Personal agents represent main system stakeholders:

- Job Seeker Agent that represents JSs with CVs
- Job Provider Agent that manages JVs
- Educational Agent that provides UOLs

Data management (or query) agents are the agents that act as interfaces with the external
environments. The Data Retrieval Agent is responsible of fetching information from the external system
described in [7]. The Data Exposure Agent is an agent that acts as Restful API and exposes the

information to external environments by serialization into JSON format.

The task agents of the proposed system are designed to fulfil the requirements of the presented use-

case scenarios. The following agents are defined:

- Job Market Summary Analysis Agent to compute a job market summary analysis based on
metrics defined in Section 2.2. It includes the following aspects:

o i) Skill frequency analysis: the most popular skills found in JVs or CVs are identified and
represented using various job market summary analyses;

o i) Co-occurrence analysis. Identifies pairs of skills co-occurring in JVs and CVs. It aims
to assess skill similarities and complementarities;

o iii) Skill gap analysis. The gap between required skills in JVs and available skills in CVs
is assessed. Aims to identify the skills that are in high demand but in short supply in
the labour market.

- Recommendation Agent to handle recommendation tasks. This agents can be configured to
support a specific recommendation technique:

o i) Content-based filtering to obtain jobs that are suitable for a given CV. This can be

achieved by using CV2JV metrics. The process starts from a given CV and, based on
values CV2JV, it is able to recommend suitable JVs that better match the given CV.

o i) Collaborative filtering to obtain jobs by matching the current CV with other CVs in

the system using CV2CV metrics. This assumes recommending to a JS with a given CV
some JVs that mention occupations of similar JSs. For a given CV with index i, the
system determines the best matching CVs let them be Cs using CV2CV metric. We
extract from each of them the list of occupations 0s. Then the system recommends to
the given ]S with CV i all the JVs mentioning at least one occupation from Os. As there
usually are more such JVs, the system ranks them based on the CV2JV matching score.

o i) Learning path recommendation. Moreover, following the process from previous

point ii), we compare the recommended JVs with the original CV with index i and
determine the missing skills Ss (they usually exist as we almost always have imperfect
matches). Based on skills Ss, we recommend to JS with CV i a list of UoLs that offer

an upgrade of the missing skills to enhance the profile of the JS with CV i.

15
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Currently there is only one middle agent called Registry Agent that is managing a registry of all the

agent from the system.

3.3

Data Set

The system developed in this project uses the “European classification of Skills, Competences,

Occupations and Qualifications” known as ESCO. Based on the data recorded in our system database

we have devised a semantic data model that is useful for our MAS to achieve its purpose but letting

the agents to communicate in a meaningful way.

Each entity in our data model is explained as follows:

Skill. In the context of a job, a skill is a particular aptitude, knowledge, or expertise that is

required for effectively performing a specific task. For candidates to successfully fulfil the duties

and requirements of the position, they must possess the necessary skills.

Occupation. They are various positions or job titles requiring a particular set of skills,

knowledge, and expertise for fulfilling specified tasks and responsibilities.

CV (Curriculum Vitae). It provides a brief account of a person’s education, qualifications, and

previous occupations, and it typically sent by a JS with a job application.

JV (Job Vacancy). It represents a job posting made by a business or independent person with

the intention of informing many people about the need to hire a new employee. It often includes

a job description and a list of the required skills.

Table 1 Description of Semantic Data Model Entities

Entity Attribute Attribute description
Skill esco_link Link to the individual skill from the ESCO ontology
language The language that we have CVs in our database (at the
moment “en”, “ro”, “el” and "bg")
CcVv user_name Name associated with the CV
language The language that we have CVs in our database (at the
moment “en”, “ro”, “el” and "bg”)
occupations List of occupations present in the CV
skills List of skills present in the CV
file_path The path to the file where the CV is stored on the system
v language The language that we have CVs in our database (at the
moment “en”, "ro”, “el” and "bg”)
occupations List of occupations present in the JV

16
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skills List of skills present in the JV

publisher Name of the publisher who published the 1V

title Title of the JV posting

url URL of the JvV

Occupations | name Name of the occupation

alternative_names | Alternative names for the occupation

esco_link Link to the individual skill from the ESCO ontology

language The language that we have CVs in our database (at the
moment “en”, “ro”, “el” and "bg")

essential_skills Essential skills are foundational aptitudes or competencies
required for success in a variety of jobs, roles, or professions.

optional_skills Optional skills are extra competencies that are not
fundamentally necessary for a certain job or task but that
might add value or improve a candidate’s suitability for a
position

uoL language The language that we have CVs in our database (at the

moment “en”, “ro”, “el” and "bg”)

occupations List of occupations present in the UOL

skills List of skills that will be acquired by following the UOL

publisher Name of the UOL provider

url URL of the UOL provider

title Title of the UOL

Project partners collected initial experimental data with the IT job market in the Balkan region (Greek,

Romanian, and Bulgarian).

At the time of conducting experiments, data set contained:

- 109 Cvs
- 730 Vs

- 750 UoLs

17
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4 Implementation and Evaluation

The system was deployed on a microservice-based architecture. Each agent runs in a separate Docker?

container. The event stream was built over Apache Kafka3 and each agent will produce and/or consume

events over it.

Agents communicate on the event stream by using a set of predefined topics matching with the

application area. The implemented topics are presented in Table 1.

Table 2 Apache Kafka Topics in the Multi-Agent System

Kafka Topic

Description

job-seeker-profiles

Data Retrieval Agent publishes JS's information from his/her CV and Job

Seeker Agent consumes it to impersonate the JS in the system

skill-gap-requests

Job Seeker Agent publishes requests for skill gap analysis; Job Market

Summary Analysis Agent consumes them to start the analysis.

identified-skill-gaps

Job Market Summary Analysis Agent publishes identified skill gaps;
Recommender Agent consumes them to start generating
recommendations; Job Seeker Agent consumes it in order to trigger other

events for new computations

recommendations

Recommender Agent publishes recommendations for consumption by

Personal Agents via appropriate user interfaces

external-api-requests

Data Retrieval Agent uses this topic to publish events containing results to

queries issued to the external API.

external-api-responses

Data Exposure Agent issues events that indicate exposure of information
to

an external environment with the purpose of visualisation Table 1Table

linto an external GUI, not part of this system.

The communication between agents is made through the exchange of messages. If a sender agent

wants to send a message to another receiver agent, the sender must generate a new event, and the

receiver should listen for corresponding types of events. An event has three components: eventType,

payload, and metadata.

2 Docker, https://www.docker.com/

3 Apache Kafka, https://kafka.apache.org/
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The eventType is inspired by FIPA ACL message structure specification®:

i) inform - an agent inform another agent about some fact; ii) request - an agent ask another
agent to perform an action;

iii) confirm - receiving information confirmation;

iv) failure - triggered when an accepted task fails;

V) cancel - cancel a prior request.

The payload is the body of the event and metadata contains information about the timestamp, sender

and receiver.

4.1

Skill Gap Analysis

Job Seeker Agent issues a request for skill gap analysis by generating an event on the stream on
skill-gap-requests Kafka topic. After receiving the triggering event from the stream on topic external-
apl-requests, Data Retrieval Agent queries the data provision API to retrieve the JS’s list of skills. Then
it generates a new event on skill-gap-requests which contains the list of skills as event payload and the
JMSAA as destination. The JMSAA compares the ]S's skills with all available JVs in the system. Finally,
the results will be exposed to the external environment by the DEA after the appropriate event is
consumed on external-api-responses.
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Figure 2: Top 10 Skills with Highest Occurrences in CVs.

4 FIPA ACL Message Structure Specification, http://www.fipa.org/specs/fipa00061/SC00061G.html
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Figure 3: Top 10 Skills with Highest Occurrence in JVs.
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Figure 4: Top 10 Skills with Highest Occurrence in UOLs.

We have conducted an experiment with the Job Market Summary Analysis scenario. The aim was to
visualize the image of the Job Market as provided by our sample data set.

20
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We can observe in Figure 2 the skills that occur most frequently in the CVs of our data set. English (87)
was the most predominant skill in CVs, with communication (64) and creative thinking (47) being the
second and third most frequent skills, respectively. Note that these are general skills that people can
have independently of their work area. Figure 3 and Figure 4 depicts the top ten skill occurrences in
JVs and UoLs.

Table 3 Skill Gap Overview

Index Skill Skill- Skill- Skill-CVs Skill-JVs Occ. Skill Diff.
CVs JVs Occ. % %
Occ. Occ.
2414 Personal 1 37 0.970 6.324 -36
Development
5216 DevOps 3 42 2.912 7.179 -39
12465 Angular 3 42 2.912 7.179 -39
4495 Source (Digital 4 45 3.883 7.692 -41
Game Creation
Systems)
3909 Trademarks 4 42 3.883 7.179 -38
225 Hybrid Model 0 18 0 3.076 -18
739 Implement ICT 0 18 0 3.076 -18

Recovery System

7511 SQL Server 3 35 2.912 5.982 -32
5333 Data Protection 1 23 0.970 3.931 -22
6141 SQL 19 125 18.446 21.367 -106

In Table 3, we present the top 10 skills that have a low occurrence rate in CVs as compared to JVs.

The meaning of the presented data is as follows:

i) Index - the index of the skill in the skill set; ii) Skil/ - the name of the skill; iii) Skill-CVs Occ. - the raw
count of occurrences of the skill in CVs; iv) Skill-7Vs Occ. the raw count of occurrences of the skill in
JVs; v) Skill-CVs Occ. % - normalization of the raw count to get an overview of how widespread the
skill is among CVs; vi) Skill-JVs Occ. % - normalization of the raw count to get an overview of how
widespread the skill is among JVs (the demand of the skill on the job market); vii) Skill Diff. - the

difference between occurrences of a skill in CVs and 1Vs;
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From the results table, it can be said that some skills, such as * personal development’, have a significant
difference in demand versus supply. The skill is present in 6.234% of the JVs but only in 0.970% of
CVs. Similarly, “DevOps” “Angular”, and other skills show a notable gap, with “Aybrid mode/” and

“implement ICT recovery system”skills having no skill supply.

In conclusion, the results shown in the Table 3 presents an overview of the top ten skill demand-supply
disparities. This information may be crucial for JP and UoL providers, indicating the areas where
additional training or education might be beneficial and providing a clear overview of the training path
for a JS.

4.2 Learning Path Recommendation

Given the fact that the skill is the atomic entity of our system and we modeled everything using « bag-
of-skill » concept it is understandable that for a set of given skills we can recommend some JVs where
for those JVs that there is not a perfect match, we further recommend a set of UoLs that can help the
JS to acquire missing skills. Now that the JS has acquired new skills, his skills set upgraded and may
now be eligible for other new JVs recommendation. This process may assist the JS in find suitable JVs
based on continuously improving set of skills. An overview of the learning path process is depicted in

Figure 5.

Ree. UoL1

Rec. UoL 1

JS New Set
L0 —'| of Skills
Rec. UoL 1

Ree, UoL1

Rec. UoL 1

Ree. UoL1

Rec. UoL 1

Rec. V1 Rec. JV1 Rec. JV1

JS skills Rec. V2 K  ======

Rec. V2 K = ======

JS New Set
eee of Skills

Rec. UoL 1

Figure 5: Learning Path process.

Rec. UoL 1

-

A result from the application result of a given set of skills based on a CV of a job seeker can be observed
in Figure 6. The Title represents the title of a recommended JV which is published by the Publisher TES.
In the Missing Skills column, we can observe the missing skills of the job seeker related to the skills
required by the job vacancy. Finally, the Courses column has the recommended UoLs for covering the
skill gap.

Title Publisher Missing Skills Courses

Digital Signal Processing
Specialization

radars, C++, German, signal
TES processing, Python (computer
programming), semiconductors

EPGA Engineers (m/f/d) for
Security Technology,

Curs NodeJS Fundamentals

Figure 6: Snapshot of Training Path for acquiring the missing skills assessing recommended UoLs
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5 Conclusion

This report introduced the design, implementation and initial results concerning the MAS for the job
market. The system can be extended by expanding the data set and by adding new agents for
implementing more functionality. The modular architecture facilitates these extensions. Also the system
can easily interoperate with other systems, thanks to its flexible microservice-based architecture.
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APPENDIX

Data Exposure Agent API documentation:

https://documenter.getpostman.com/view/14352721/2s9YkuXxXW
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