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An analysis of Computer Science in OJAs with a dual-lingual
ontology approach
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Abstract: Increasing globalization of the Internet has led to a growing need for the processing of
data in multiple languages. This has resulted in a significant increase in the amount of multilingual
data available on the web, presenting a significant challenge for accessing, processing, and integrating
data from different language sources. An ontology provides a shared and precise source for system
interoperability and the reuse of knowledge bases. The objective of this study is to develop an efficient
approach for mapping and enriching cross-domain, dual-lingual ontologies. In this case, we will
combine the Computer Science Ontology (CSO) and DBpedia. The resulting taxonomy will be
analyzed using a German online job advertisement dataset of 3,567,240 records to identify trends in
the development and/or requirement of tools in the Computer Science domain. In order to achieve this,
we employ a comparative analysis of two distinct approaches: a holistic, hierarchical approach and a
precision-driven approach. The former considers the child-parent relation of the ontology, whereas
the latter solely identifies those tools directly associated with a topic in the CSO.

Keywords: Ontology Mapping, dual-lingual ontologies, Labor Market Research, OJAs

1 Introduction

The increasing globalization of the internet has led to a growing need for the processing
of data in multiple languages. This has resulted in a significant increase in the amount of
multilingual data available on the web, which presents a significant challenge for accessing,
processing, and integrating data from different language sources [Dal4]. Analysing data
from various sources always presents researchers with challenges of varied understandings
of concepts but also opportunities for knowledge discovery in various domains. In such
contexts, the processing of multilingual content presents significant challenges. Firstly,
content is frequently semi-structured or unstructured, making it challenging to gather and
integrate from different data sources. Additionally, user-generated content lacks a consistent
structural organization, necessitating the collection of relevant information from multiple
sites. Furthermore, different data source platforms vary in their organization and structure,
further complicating content integration. The objective of this study is to develop an efficient
approach for mapping and enriching cross-domain, dual-lingual ontologies. The Computer
Science Ontology (CSO) and Wikidata will be combined.
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It is of paramount importance for individuals, companies, and governments to understand the
developments in the labor market and how tools associated with occupations have changed
over time. Regularly, consultants warn about high numbers of workers needing to shift
occupational categories and pick up new skills by the year 2030 as a result of automation and
other technological advancements [Mal7]. The contents of jobs undergo constant change as
new positions are created and existing ones are reinterpreted. A World Economic Forum
report indicates that workers should undergo retraining and skill enhancement to remain
aligned with the evolving demands of the labor market. Furthermore, recognizing emerging
employment opportunities and the abilities essential for success in them necessitates an
understanding of how tools associated with jobs have evolved. Those who can adopt new
tools and skills will be better positioned for success as the employment landscape transforms
due to challenges as decarbonisation, demographic change, technological change, and
de-globalisation.

The skills required for digitalization and computer science can be analyzed among different
stakeholders, including educational institutions, employers, employees, and financiers. In
this context, continuing education advertisements can complement data from curricula,
job advertisements, and labor market surveys. The German labor market is dynamic,
with technical innovations and social changes leading to new skills needed by employees.
Vocational education and training (VET), retraining, and continuing vocational education
and training (CVET) are essential for responding to these new demands [Do19; Hel6].
Machine Learning (ML) as part of the development and use of Artificial Intelligence (AI)
are two key domains in current technological progress. Throughout this paper we will focus
on these.

The objective of this paper is to address the following research questions:

1. How can we efficiently enrich the CSO ontology with other data from Wikidata
and DBpedia to create a dual-language ontology enriched with tools and entities to
analyze German OJAs?

2. What is the demand of different areas within CSO, namely Al and ML? How can we
analyze this demand, and how do they develop in different occupations?

The remainder of this work is organized as follows: After the introduction, we will discuss
related work, followed by a discussion of methods and data used to create a dual-language
ontology and tools extraction. We will then present results on OJAs and conclude with a
discussion and outlook.

2 Related Work

To analyze labor market data like OJAs (Online Job Advertisements), social media data or
(vocational) education data we find an increasing interest in mining data from educational
databases, advertisements and information systems, see [DIH17; MT13; RV07]. Over the
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last decade, there has been an increasing interest in mining these data [DSH23; DT23].
Supporting decision making and process management in education is key. However, there
are still several challenges on data and data integration, see [KKM20]. Skill concepts have
been widely used for the analysis of online job advertisements (OJAs), their visualization
and provide a good starting point for matching open positions with corresponding employees
[Del8; Kr18]. OJAs are usually published in an online database, e.g. Monster, Stepstone or
official organizations like the federal employment agency (BA) in Germany. They contain
various data about the hiring company, the position and the requirements for the employee.
The proposed technologies range from automated mapping of search terms to classification
of skills, see [Zi12]. OJAs are a well-studied topic, especially in the English language [BP21;
CJR14; KKG21; NPU20], and even historical advertisements have been studied [Ro20]. So
far, there is little research on German OJAs [Bu22; GC20], although some work has been
done, in particular focusing on qualification development [HS16].

In education research and pedagogy, several approaches towards competencies and skills
exist which provide divergent resources: Not only with different meaning but also with
different synonyms. While in English Competences, Skills and Knowledge are often used as
synonyms, this does not hold for German language: Some words refer to multiple concepts,
while some concepts are labeled with multiple words, see [GT23; KM22].

Only a few taxonomies for skills in the German language exist. Most important is the
European Classification of Skills, Competences, Qualifications and Occupations (ESCO). It
provides a multilingual hierarchy of skills and competences (and additionally qualifications)
mapped to occupations with a full text description, scope notes and examples [GGS20]. Some
work has been done on semantic interoperability between skills and labor market documents
[DVP15; Vr14]. However, ESCO is not the only German-language skills system available
[KM22]. For example, the BA in Germany provides its own resources for structuring skills
and linking them to occupations: the BERUFENET which is directly linked to other data,
e.g. KURSNET [FD24]. Other approaches include contextual extraction and representation
methods based on knowledge graphs, ontologies and taxonomies, see [D622a; D622b;
DS19; DWB22; FGB22].

Ontology gaps are regions or aspects that are missing from or inadequately covered by the
present ontology models. Limitations, shortcomings, or missing elements in the current
knowledge and understanding of a given subject area are represented by these gaps [BSM09;
GF10; KHO4]. Hailu et. al. conclude that automatic translation of biomedical ontologies,
specifically GO terms, is feasible and achieves high adequacy and fluency scores for the
terms associated with most concepts [HCH14]. The methods using DBpedia and Google
Translate API were effective in translating GO terms from English to German. Other studies
disagree due to the coverage of entities in Wikidata and DBpedia [Bo20]. However, several
studies indicate that the availability of multilingual information significantly improves the
performance of the matching algorithms [FBO10; SHC11].
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Since we can only rely on very limited previous work, we will continue with a detailed
discussion of the methods to encourage further research in this field.

3 Method

Figure 1 depicts the proposed workflow for enriching the CSO ontology with data from
DBpedia. This process will result in a dual-language ontology, which will be enhanced with
tools and entities for analyzing German OJAs. The following sections will present details
on the data and the process, respectively.

3.1 Data

In this study, we utilized version v.3.2 of CSO. For the purpose of this research, we
specifically employed the 6wl:sameAs"relation between CSO and DBpedia. By employing
this relation, we were able to identify equivalent resources for each topic in CSO within
DBpedia. This correlation proved instrumental in facilitating dual-language translation and
accessing relevant tools for each topic. A total of 5,193 topics in CSO had Bame as"links
to DBpedia, forming the foundation for conducting dual-lingual translation and retrieving
tools and concepts associated with each topic.

The analysis will be conducted using the job advertisement data collected from various
online job advertisement portals. This data set contains 3,567,240 OJAs. The data were
collected over the period from 2015 to 2022. In total, there are nine distinct sets of
job advertisements, labelled following ISCO-08 codes: 431 (Numerical Clerks), 7121
(Roofers), 7126 (Plumbers and Pipe Fitters), 8311 (Locomotive Engine Drivers), 2511
(Systems Analysts), 2512 (Software Developers), 2513 (Web and Multimedia Developers),
2514 (Applications Programmers), and 2519 (Software and Applications Developers and
Analysts Not Elsewhere Classified). These occupations have been chosen since changes
should be visible in the software occupations, where ML and Al are developed. The other
occupations are test cases: Do we see demand for ML or Al related skills in them, as current
discussions (see above) indicate such skills are becoming ever more important across the
whole occupational landscape.
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3.2 Creating a dual-lingual Ontology

In this study, we utilize CSO in the extraction process of tools, inspired by previous research
that has highlighted the pivotal role of CSO as a knowledge hub, particularly its extensive
connections to external resources such as DBpedia, Wikipedia, Freebase, YAGO, Cyc, and
Microsoft Academic. This method encompasses the following steps:

1.

Names Translation. Having classified each entity extracted from DBpedia as a tool,
concept, or other, the next challenge is to obtain the German translation for each of
these tool names. As identified through our literature review, various methods exist for
translating text, and in this case, the language tags present in each DBpedia resource
are utilized. It is important to note that not all DBpedia entities have German language
tags associated with them. Furthermore, it is crucial to consider instances where
the tool names are identical in both German and English. For instance, "Microsoft
Teams'"remains unaltered in both languages. In the absence of language tags, we
employ the Google Translate API to obtain the requisite translations. The integrated
approach of combining both methods ensures the acquisition of translations for all
tools and mitigates the impact of lacking language tags on DBpedia resources.

Synonym Extraction. The subsequent stage in our process is the extraction of
synonyms for each of the classified tools. The extraction of synonyms allows us to
identify alternative names for each tool, which can be invaluable for NLP tasks. This
comprehensive list of tool names, along with their alternative names, can serve as
input for text extraction algorithms, enabling the identification of skills required for
various job advertisements. To extract alternative labels for each tool, we utilize an
inherent property in DBpedia called “is dbo:wikiPageRedirects of”’. This property
provides a list of synonyms along with their corresponding hyperlinks.

Retrieve Domains for a Parent Topic. We implemented an algorithm traversing and
extracting domain information associated with a given tool name. This method
utilizes both direct matches within the dataset and semantic relations like “same as”
in CSO. The significance of discovering various paths and, subsequently, top domains
becomes apparent through a practical example involving the tool "TensorFlow". In
our data, TensorFlow is extracted within the DBpedia resource Bpeech recognition",
corresponding to the CSO node SSpeech Recognition". The objective is to identify all
feasible paths where SSpeech Recognitionédppears, accomplished recursively using
the BuperTopicOf"relation.

3.3 Tools Extraction

We employ natural language processing (NLP) technologies for the purpose of entity
recognition. In this process, we construct dictionaries comprising synonyms and perform
string matching in order to map the entities to the respective taxonomy or ontology. To this
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end, we utilise the SpaCy library, employing the PhraseMatcher approach. This methodology
is frequently referenced in the literature, see [DD23; DSH23; DT23].

4 Results

4.1 Dual-lingual Ontology

The data pre-processing phase commenced with 6,879 unique topics from the CSO. To
ensure that these topics had corresponding pages in DBpedia, the SSame As"relation was
employed. This resulted in the identification of 5,193 unique topics with corresponding
DBpedia pages. However, not all topics in CSO had dedicated pages in DBpedia, reflecting
the evolving nature of its coverage. The subsequent phase involved the extraction of entities
from DBpedia for the aforementioned 5,193 topics. This resulted in the identification
of 20,859 entities, which encompassed a diverse range of information, including tools,
concepts, and other data.

4.2 Analysis of OJAs: Precision-Driven

To further validate the methodology for analyzing the progression of tools over time within
various job sectors, we focus on the domain of Al, a rapidly emerging topic. This will
enable us to not only track the evolution of Al tools but also to delve into ML, a significant
subset of Al. By applying our extracted tools and their corresponding translations, we aim to
conduct a thorough analysis of the trends and patterns in tool adoption. In Precision-Driven
Extraction (PDE), the focus was on the direct extraction of tools specifically related to Al
and ML topics, without considering CSO’s hierarchical structure. The results obtained
through this approach offer a more targeted perspective on the tools explicitly associated
with Al and ML, without incorporating sub-domains or parent-child relationships within the
ontology. This approach aims to provide a precise snapshot of tools directly linked to Al and
ML, addressing potential challenges associated with ontology precision and generalization.

The percentages of Al tools extracted using PDE across various job datasets show a gradual
increase over the years as shown in Figure 2. Notably, Job ID 2511 exhibits a steady rise
from 0.53% in 2015 to 6.37% in 2022, indicating a growing demand for Al-related tools in
the field of Systems Analysis. Similarly, Job ID 2512 experiences a substantial increase,
reaching 12.40% in 2022. Job IDs 2513, 2514, and 2519 also depict a noticeable upward
trend, suggesting a consistent demand for Al tools within these domains. Numerical Clerks
(Job ID 431) saw an increase from 1% to just over 2%. Roofers (Job ID 7121) had a
significant jump from nearly 0% to 8%. Plumbers and Pipe Fitters (Job ID 7126) grew
modestly from 1% to 3%, while Locomotive Engine Drivers (Job ID 8311) remained steady
at around 1%.
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Fig. 2: Percentage of different Al tools vs. year using Precision-Driven extraction
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Fig. 3: Percentage of different ML tools vs. year using Precision-Driven extraction

The analysis of ML tool percentages across various job datasets using PDE is as shown
in Figure 3. Job ID 431 (Numerical Clerks) demonstrates a gradual increase from 0.03%
in 2015 to 0.17% in 2022. Job ID 7126 (Plumbers and Pipe Fitters) exhibits a relatively
consistent but low percentage throughout the years, reaching 0.03% in 2019 but decreasing
subsequently. Job ID 2519 demonstrates a consistent rise in ML tool percentages, reaching
6.34% in 2022, signifying a growing presence of ML tools in professions related to Software
and Applications Developers and Analysts Not Elsewhere Classified.

4.3 Analysis of OJAs: Holistic approach

The analysis of Al tools using holistic hierarchical extraction (HE) as shown in Figure 4,
involves a comprehensive consideration of the hierarchical structure of the CSO, provides
valuable insights into the evolution of Al tools across various job datasets and years.

Notably, the sub directories related to specific job IDs exhibit distinctive patterns in Al
tool adoption. For instance, within the Numerical Clerks category (Job ID 431), there is a
significant increase in Al tool usage from 2.34% in 2015 to 3.94% in 2022, reflecting a
steady integration of Al technologies in this particular professional domain. In contrast,
Plumbers and Pipe Fitters (Job ID 7126) showcase a fluctuating trend, with Al tool usage
peaking at 5.13% in 2018 and then gradually decreasing. Similarly, Roofers (Job ID 7121)
display a notable surge in Al tool adoption, particularly from 2.66% in 2020 to 10.16% in
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Fig. 4: Percentage of different Al tools vs. year using holistic hierarchical extraction
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Fig. 5: Percentage of different ML tools vs. year using holistic hierarchical extraction

2021. It is noteworthy that the levels of Al tool adoption are so different: While it could be
expected for Numerical Clerks to have a higher Al tools usage than around four percent, it
seems astonishing in comparison to see Roofers peaking at just over ten percent. This can
possibly be attributed to what is explicitely stated in OJAs: Skills or requirements that are
already an established part of occupational contents tend not to be named, whereas what is
new or out-of-the-ordinary will be explicated.

Using HE for analyzing the integration of ML tools as shown in Figure 5 across various
professions, there is a clear trend of increasing reliance on ML technologies from 2015
to 2022. In IT-related jobs, Systems Analysts (Job ID 2511) saw an increase in ML tool
usage from 7.31% to 12.76%, reflecting a steady adoption of ML for analytical purposes.
Software Developers (Job ID 2512) experienced a robust growth from 17.11% to 27.87%,
showcasing the critical role of ML in modern software engineering. Web and Multimedia
Developers (Job ID 2513) also nearly doubled their use of ML tools, with an increase from
8.02% to 17.90%, pointing to ML’s growing impact on digital content creation. Applications
Programmers (Job ID 2514) started with a high adoption rate at 30.90% and exhibited
some fluctuation, stabilizing to 27.33%, which indicates a sustained significance of ML in
programming. Software and Applications Developers and Analysts (Job ID 2519) showed
a steady increase from 11.55% to 14.92%, suggesting a growing incorporation of ML in
diverse developmental roles.

PDE offers an exquisite lens through which to view the explicit demand for these technologies,
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with its precise extraction of particular AI and ML tools. It provides an objective and
quantifiable pattern of how particular tools become more or less common over time, enabling
the labor market to be analyzed with greater focus. This accuracy is especially helpful in
determining which Al and ML technologies are becoming more popular and which are
becoming less relevant. Both methodologies offer a micro and macro perspective of the
labor market, making them essential for research. While HE provides a comprehensive
understanding of the overall influence of Al and ML, PDE offers the accuracy required
to trace the development of certain technologies. Together, they provide a comprehensive
methodological framework for comprehending the dynamic interaction between new
technologies and the changing nature of the workforce. This framework highlights the
significance of both targeted and broad analysis in the context of technological advancement
and its effects on the labor market.

5 Conclusions and Outlook

In the current era of extensive internet usage and global connectivity, the surge in multilingual
data on the web has posed significant challenges, demanding innovative solutions. This
study proposes an approach, a dual-lingual ontology translation method leveraging the CSO,
to navigate the complex landscape of processing diverse and semi-structured multilingual
content. The early stages of this involved the extraction of tools and concepts from the
extensive DBpedia data set. This data set constituted the foundation for subsequent analyses,
offering a comprehensive understanding of the intricate relationships between technological
entities and their roles in the evolving job market.

The analysis of job advertisements, particularly in the context of AI and ML tool adoption,
offers valuable insights into the evolving landscape of the job market. The examination of
Al and ML tool trends, containing both percentage matches and the distinct count of tools,
provides a comprehensive understanding of the diversity and specificity of technological
requirements sought by employers. The prevalence of IT-related roles, such as systems
analysts and software developers, in adopting Al and ML tools underscores the technology-
centric nature of these professions. While this can be seen especially in the holistic approach
it is noteworthy that there are relevant proportions of specific Al and ML tools being
mentioned in non-IT jobs. Scrutinising those mentionings we find that these often relate to
tools that are indirectly using Al such as cloud computing solutions or word processing.
One limitation of extracting tools from DBpedia is that only 22% of the 5,193 topics in
DBpedia had at least one tool associated with them. This limitation hinders the effective
extraction of tools from DBpedia. Another potential limitation of the proposed methodology
is the ambiguity of bilingual names, exemplified by instances where tool names coincide
with common names in the target language. Consequently, future work may entail improving
the NLP algorithms to overcome the possible drawback of dual-lingual name ambiguity.
In particular, work may be done to improve the algorithm’s ability to take contextual cues
into account and lessen false positives brought on by tool-name matches in irrelevant
circumstances.
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