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BIG-DATA-BASED ECONOMIC INSIGHTS

 ■  Data skills are required in every fifth online job  
advertisement in Germany

 ■  Demand for data skills is increasing over time and  
heterogenous between sectors 

 ■  Companies from the ICT sector demand more advanced  
data skills in every second job advertisement

 ■  Sectors that are advanced in digitalization have a higher  
demand for jobs with data skills

 ■  Policymakers should intensify the recruitment of foreign  
professionals and align curricula with growing business  
demand for data skills
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Data can be a strategic resource for companies, which 
they can benefit from in many ways. Based on data, 
products or services can be developed, processes can 
be improved, and supply chains can become more 
transparent if data is shared with other companies 
(Andres and Niebel 2022; Brynjolfsson and McElheran 
2016; Kache and Seuring 2017). In addition, companies 
can develop data-driven business models (Gierten et 
al. 2021). For example, usage data of products that are 
already sold, such as machines, can be analyzed and 
used to predictively maintain machines in the future 
and thus reduce production downtimes. To fully ex-
ploit the potential of data, companies first and fore-
most have to be prepared for the data economy. For 
this purpose, firms have to store, manage, and use 
data in an efficient way. For example, different types 

of data – like production, financial, or personal data – 
should be stored digitally. Standardized quality checks 
and interfaces can optimize the data flow from a  
management perspective. Lastly, the real added value 
of data lies in diverse usage purposes. For example, 
data can be used for analysis, visualization, docu-
mentation, forecast of processes, or for sale to other 
firms.

Given the importance of data as an invaluable 
asset in modern economies, scientific research in eco-
nomics and management has increasingly focused on 
the dynamics and repercussions of the data economy 
(Börner et al. 2018; Cong et al. 2021; Farboodi and 
Veldkamp 2021). One of the key drivers for the data 
economy are data-related skills, since they enable 
individuals and organizations to effectively collect, 
analyze, and utilize data to make informed decisions 
and create new products and services (Pappas et al. 
2018). However, there is still a lack of a deeper un-
derstanding of the demand in skills and jobs that are 
necessary to process and strategically use the large 
amounts of data companies accumulate. Considering 
the fast pace of the advancements of the data econ-
omy and the jobs that come with it, existing research 
is rather sluggish in analyzing current demand in the 
labor market (Börner et al. 2018; European Commis-
sion 2020). In this regard, job advertisements can 
provide timely information on the need for specific 
knowledge of companies (Büchel and Mertens 2021; 
Pejic-Bach et al. 2020). To provide tangible and up-
to-date insights into the demand for jobs related to 
the data economy, we leverage data from online job 
advertisements and use a state-of-the-art machine 
learning approach to accurately estimate the demand 
for data skills in the German labor market.
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DATA ECONOMY READINESS OF GERMAN 
COMPANIES

Companies can demand data skills to be able to par-
ticipate in the data economy or, if they are already 
data economy ready, to further improve their handling 
of data. In 2022, only 31 percent of companies in Ger-
many were data economy ready, as a survey of 1,051 
companies from the industrial and industry-related 
services sectors revealed (Büchel and Engels 2022c). 
This share is slightly higher than the previous year 
(29 percent), as a comparable survey found (Büchel 
and Engels 2022a). Therefore, over two-thirds of the 
surveyed companies do not meet the requirements to 
participate in the data economy in an efficient way. 
In concrete terms, this means that on average they 
fulfill less than 50 percent of the relevant aspects with 
respect to data storage, data management, and the 
use of data. One reason for this could be that rele-
vant decision-makers still have to be convinced of 
the potential of data or corresponding data skills are 
generally lacking in the firm. If employees do not have 
the necessary digital skills and do not know how to 
use corresponding applications, companies may be 
limited in their ability to make progress towards par-
ticipating in the data economy. 

To address this, there are several ways for com-
panies to build up data skills. On the one hand, firms 
can offer on-the-job training to improve the data skills 
of their employees. Hence, employees who have re-
ceived relevant on-the-job training can be enabled 
to conduct and support the data strategy pursued 
by the firm. On the other hand, firms can hire new 
employees who already have necessary data skills. 
While on-the-job training activities are internal and 
thus not publicly known, job advertisements are pub-
lished and can therefore be analyzed. 

To estimate the demand for data skills in the Ger-
man labor market, we utilize large amounts of data 
on job advertisements. These types of data are be-
coming increasingly popular in economic research on 
the labor market (Acemoglu et al. 2022; Azar et al. 
2018; Deming und Noray 2020; Hershbein and Kahn 
2018). Typically, job advertisements consist of a first 
part where the employer presents the hiring company, 
the working conditions, or special offers. This part is 
followed by a description of the underlying job pro-
file and the required skills of the potential employee. 
These are most important for the following analysis. 
Indeed, this part of the job advertisement can be used 
to identify whether the advertisement requires data 
skills or not. For this reason, job advertisements can 
be an efficient instrument to analyze the extent to 
which companies in Germany require new employees 
to have relevant skills that help them to improve their 
storage, management, and use of data – the three 
components of data economy readiness. Thus, this 
can function as an indicator of the demand for data 
skills in Germany.

The following analysis is based on a data set 
provided by Textkernel that contains online job ad-
vertisements in Germany from over 60,000 different 
sources, including the major online job portals such 
as Indeed, Stepstone, or the German Federal Employ-
ment Agency. The data set encompasses job adver-
tisements from the first quarters Q1 of the years 2019, 
2020, 2021, and 2022. In total, 3.2 million unique job 
advertisements were posted in the first quarter of 
2019, 3.0 million in 2020, 3.6 million in 2021, and 4.5 
million in 2022. The aim of the following analysis is to 
classify each individual job advertisement depending 
on whether data skills are required for the job or not. 
This is possible by first identifying required data skills 
in the job advertisements. For this purpose, the ba-
sic concept and theoretical background focus on the 
three components of data economy readiness: data 
storage, data management, and usage of data (Büchel 
and Engels 2022a). The relevant aspects of these three 
components are compared to the job profiles and re-
quired skills in the posted job advertisements. If the 
new employee is intended to support the demanding 
firm in one of these aspects, the job advertisement is 
hence classified as requiring data skills. The following 
explains how this is implemented methodologically at 
the level of individual job advertisements.

MACHINE LEARNING APPROACH FOR IDENTIFYING 
JOB ADVERTISEMENTS THAT REQUIRE DATA 
SKILLS

It would be very time-consuming and costly to analyze 
each job advertisement manually. Instead, a machine 
learning (ML) approach is used to automatically clas-
sify the job advertisements as to whether they require 
data skills or not. For the model to make the correct 
decision, it first has to be trained to a sufficient extent 
with domain-specific information.

To train such an ML model, a set of job advertise-
ments was annotated manually using the open-source 
text annotation tool doccano (Nakayama et al. 2018). 
The basic idea is that the model learns the classifi-
cation decision from this template to independently 
make further predictions on new data. Therefore, the 
three authors annotated a set of job descriptions and 
determined whether these job advertisements require 
data skills or not based on the relevant aspects of 
data economy readiness. 

Such a task can be rather subjective. To increase 
objectiveness, the authors have created annotation 
guidelines that provide detailed instructions for the 
widest possible range of different skills and phrases 
related to the data economy to correctly classify in-
dividual job postings. Initially, the authors used the 
terms listed in Büchel and Engels (2022a) as initial 
annotation guidelines and annotated a separate data 
set containing 100 job advertisements. During this 
process, the annotators discussed their disagreements 
with the aim of refining and updating the guidelines. 
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The authors decided that, for example, if the descrip-
tion of the job profile contains at least one keyword 
like “database maintenance,” “programming,” or the 
required skillset contains knowledge of cloud tech-
nologies, the job advertisement was classified as re-
lated to the data economy. If, on the other hand, the 
potential employee should only have Microsoft Office 
skills or it was unclear whether the activities were to 
be performed digitally or in an analog way (i.e., like 
storing customer data), this was not a decisive factor 
for classifying a job advertisement as data economy 
related. 

Based on the annotation guidelines, an additional 
1,000 job advertisements were annotated as training 
data for the ML model. Overall, a very high inter-an-
notator-agreement (~94 percent across all annotators) 
was reached. This is a high-quality signal of the guide-
lines and the corresponding training data. Remaining 
disagreements were solved by majority vote by the 
three authors.

Modern ML model have hundreds of million train-
able parameters (Devlin et al. 2018). Training those 
models from scratch, using only these mere 1,000 
annotated advertisements, would be impossible. Con-
sequently, an already pre-trained model was used as 
a basis for the analysis. The manually annotated data 
was then applied to fine-tune the model to the spe-
cific task of identifying job advertisements including 
data skills. The model used here was the so-called 
BERT model by Gnehm et al. (2022). Their model was 
pre-trained on German job advertisements as well 
as general German text, for example using German 
Wikipedia. Fine-tuning such a model means that a 
new neuronal network classification layer was added 
to the BERT model and was then trained jointly with 
the other layers (Devlin et al. 2018). 

After fine-tuning, the BERT model was applied to 
all 14.3 million job advertisements from the first quar-
ters of the years 2019 to 2022, predicting the correct 
classification decisions with a very high accuracy. The 
prediction-making of the ML model was evaluated ex-
tensively. Initially, a separate dictionary-based model 
was created that classifies job advertisements by 

searching for carefully selected domain-specific buzz-
phrases, as “cloud” or “analyze data”. This second 
model was used as a baseline for the present task. 
To measure the prediction accuracy, an additional, 
so-called “test set” of 200 manually annotated job 
advertisements was created. Both models were then 
used to predict whether data skills are required or not 
in these job advertisements. The predictions were 
compared to the manual annotations. The ML model 
performed very well on the test set and achieved a 
higher accuracy compared to the dictionary-based 
model (94 percent vs. 92.5 percent), f1-Score (0.914 
vs. 0.892), precision (0.928 vs. 0.909), and recall (0.902 
vs. 0.877). 

Considering the better performance of the ML 
model compared to the dictionary-based model, it 
was used in the subsequent analysis. The results of 
the application of the model to the entire data set 
are presented below.

DEMAND FOR DATA SKILLS IN GERMAN 
COMPANIES

After applying the ML model, 21.3 percent of the 4.5 
million online job advertisements in the first quarter 
of 2022 in Germany require data skills (Figure 1). The 
share has been rising steadily since 2019: In the first 
quarter of 2019, the share was at 17.4 percent, rising 
to 18.4 percent in the first quarter of 2020 and 19.9 
percent in the first quarter of 2021, respectively.

The share of 21.3 percent in the first quarter 
of 2022 is plausible because just over 30 percent of 
companies in Germany currently are data economy 
ready (Büchel and Engels 2022c). Both aspects are 
closely linked since most companies in Germany are 
small and therefore unlikely to advertise a dispro-
portionately high number of job advertisements on 
average. On the one hand, it is exactly the companies 
that use data efficiently that are looking for suitable 
employees, for example to further develop existing 
data-driven business models or processes. On the 
other hand, data skills are needed first and foremost 
in companies to become increasingly data economy 
ready. In comparison to the status quo of the data 
economy readiness, however, the analysis of job ad-
vervtisements is slightly more dynamic and delayed 
because it shows which human capital investments 
companies are currently making to be able to manage 
data more efficiently in the future.

Figure 1 illustrates that data is taking on an in-
creasingly important role for companies in Germany. 
However, it should be noted that we measure only the 
number of new job advertisements posted by compa-
nies. The analysis does not provide any information 
on the level of fluctuation. If fluctuation is high, it is 
more likely that some of the advertised jobs cannot 
be filled due to the shortage of skilled workers in dig-
italization professions in Germany, which has become 
even more acute in recent years (Burstedde 2021).
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Note: Share of online job advertisements in Germany that require data skills; first quarter of each year; in % of all
online job advertisements in Germany in the respective quarter.
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To gain a better understanding of the drivers of 
data skill demand in Germany, the share of such job 
advertisements in individual sectors is analyzed. For 
this purpose, we focus on ten sectors1 from the areas 
of industry and industry-related service providers. 
In comparable studies, which have representatively 
surveyed the status quo of data economy readiness 
or digitalization, the same industry focus was applied. 
These studies can therefore be compared with the 
present analysis. Furthermore, the focus allows for 
more targeted statements on the sectors analyzed.

Information about the sector of each tendering 
company is included in the Textkernel data that con-
tains an assignment of each job posting to the Ger-
man Classification of Economic Activities (WZ 2008)2. 
Based on these classifications, the companies can be 
assigned to the ten sectors and the job advertising ac-
tivities of the respective sectors in the first quarter of 
2022 can be analyzed (Figure 2). Generally, however, a 
large share of job advertisements is advertised through 
intermediaries. As a result, the searching company be-
hind it and its sector cannot be identified. 38 percent 
of all job advertisements with data skills are adver-
tised via intermediaries and thus cannot be assigned 
to any sector. The dataset also contains a few job ad-
vertisements that were not advertised through inter-
mediaries but could not be assigned to any industry 
due to incomplete information, for example. Finally, 
there are job advertisements with data skills that do 
not correspond to the focus of the ten sector groups. 
These job advertisements are subsequently excluded 
from the analysis. In total, slightly less than 400,000 
job advertisements with data skills can be assigned 
to the ten sector groups. 

The ICT sector exhibits the highest demand: al-
most every second job advertisement in this sector 
requires data skills. This result is plausible, as compa-
nies in the sector offer, for example, data processing 
as a service to other companies or manufacture data 
processing equipment. Data is often a core component 
1 For the exact composition of the ten sectors, see Büchel and En-
gels (2023).
2 The data provider Textkernel matches each company listed in 
each respective job advertisements to national company directories 
to gain information about the respective sector.

of their business model. Other studies also illustrate 
that the German ICT sector is the leader in terms of 
both the level of digitalization and its data economy 
readiness among the sectors analyzed here (Büchel 
and Engels 2023 and 2022b).

Besides the ICT sector, the sectors business service 
providers and vehicle construction also exhibit a high 
demand for prospective employees with data skills: 
about one-third of job advertisements require data 
skills. This is particularly astonishing in the case of 
business service providers: in absolute terms, there are 
about 90,000 job advertisements with data skills, 
roughly the same number as in the ICT sector. How-
ever, since the total number of job advertisements is 
higher in the business service providers sector, the 
share of job advertisements with data skills is corre-
spondingly lower. The demand in the two sectors of 
business service providers and vehicle construction 
also coincides with good results for the level of dig-
italization (Büchel and Engels 2023): employees with 
data skills are needed to initiate and implement dig-
italization projects in the company. However, these 
companies seem to aim to improve digitalization and 
data management even further. After all, they are still 
posting job advertisements for data skills on a large 
scale.

The sector vehicle construction shows a devel-
opment of its demand for data skills that differs from 
most other sectors: the latter exhibit a continuous in-
crease of the relative share of job advertisements with 
data skills since 2019. In vehicle construction, however, 
the demand reached its peak of 37.3 percent in the first 
quarter of 2019, coming in second after the ICT sector 
(43.9 percent). In 2022, vehicle construction’s demand 
for data skills had declined to 33.5 percent, ranking 
third. A comparable study on job advertisements re-
quiring AI skills in Germany reached a similar result for 
vehicle construction (Büchel and Mertens 2022): since 
2019, there was a similar decline in AI job advertise-
ments in the regional clusters around Stuttgart and 
Wolfsburg, where large companies from the automo-
tive and supplier sectors are located who advertise 
the majority of AI job advertisements in these regions. 
Since AI job advertisements make up a subset of job 
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advertisements with data skills, the underlying reasons 
may be very similar. In view of the major challenges 
currently facing the automotive industry, such as the 
switch to electromobility and autonomous driving or 
the shortage of semiconductors, the decline in job ad-
vertisements with data skills could be due to the fact 
that companies have less financial capacity available 
today than in the previous years. At the same time, it 
is precisely new employees with AI or data skills who 
are part of the solution to deal with the megatrends, as 
they help to enable autonomous driving or connected 
mobility, for example. In addition, many of the job ad-
vertisements requiring data skills from previous years 
could have been successfully filled in the meantime, 
implying that a high level of data competencies has 
already been achieved in the companies. A decline in 
annual job advertisements with data skills can thus 
also indicate initial saturation effects. However, this 
implies that fluctuation in these companies would be 
comparatively low. 

The share of job advertisements with data skills 
is lowest in retail (16.6 percent) and tourism (6.5 per-
cent). Nevertheless, these shares increased in the past 
few years: in the first quarter of 2019, the share in 
retail was 14.9 percent and in tourism 5.1 percent, 
resulting in a relative growth rate of 11 percent for 
retail and even 26 percent for tourism. 

A closer look at the required data skills in the 
ICT sector job advertisements reveals that there is 

demand for rather advanced data competencies in 
ICT companies (Figure 3): the advertisements predom-
inately include demand for knowledge of cloud ser-
vices and servers as well as programming languages. 
This demonstrates how advanced ICT companies are 
with respect to their use of data. These skills also 
seem to have been in demand in recent years. In-
terestingly, the ICT sector only shows a low relative 
growth rate in the share of job advertisements with 
data skills of around 9 percent compared to the first 
quarter of 2019. In contrast, the average growth rate 
of the ten sector groups is 22 percent. Low growth 
in the ICT sector can be interpreted as a first sign of 
saturation in the sense that the share of 48 percent 
could be close to an upper bound share of a company 
that manages and uses data in an efficient way. If 
this is really the case, however, remains to be proven.

A closer look at the required data skills in the 
tourism sector reveals the main data usage purposes 
in that sector (Figure 4). An ability to navigate the 
software “Protel” that is mainly used by hotels for 
processing their client data, dominates the data skill 
demands in the tourism sector. Other buzzwords such 
as “statistics” or “customer relation management 
(CRM)” reveal that data skills are still understood in 
a rather basic sense – to simplify initial process steps 
or to store customer data – compared to the ICT sec-
tor. Further evidence for this observation is provided 
by the strongly increasing growth rate of job adver-
tisements with data skills in the tourism sector. We 
are therefore hopeful that companies in the tourism 
sector will make greater use of data in the future. This 
is supported by the frequently mentioned buzzword 
“Cloud”, which, for example, appeared far less fre-
quently in previous years and possibly points to more 
advanced data tasks that potential employees are 
expected to execute.

In general, it would not be optimal for certain 
sectors if data skills were required in all job adver-
tisements. Rather, the optimal share of job adver-
tisements with data skills is heterogenous between 
sectors. There are several possible explanations for 
these differences. First, the type of product or service 
that a sector offers and the resulting employee activ-
ities can make a difference. For example, services in 
the hospitality industry demand a different skill set 
than services in the ICT sector, which can result in 
different data skills being needed. Nevertheless, the 
potential for increased data management and usage 
can be high in both sectors. In tourism, for example, 
companies use data among others for advertising and 
marketing (Büchel and Engels 2022b) to increase the 
attractiveness of their offers. This also includes the 
continuous, data-based development of products and 
services as well as monitoring, for example, of the 
occupancy of certain offers at certain times. At the 
same time, there are other job activities that do not 
require data skills, as they focus purely on service 
fulfilment, for example.

Figure 3

Data Skill Demands of the ICT Sector

Note: Word cloud of the most frequently required data skills; first quarter of 2022; in total 91,695 job advertisements 
with data skills in the ICT sector in Germany.
Source: German Economic Institute based on Textkernel data. © ifo Institute 

Figure 4

Data Skills in the Tourism Sector

Note: Word cloud of the most frequently required data skills; first quarter of 2022; in total 4,198 job advertisements 
with data skills in the tourism sector in Germany.
Source: German Economic Institute based on Textkernel data. © ifo Institute 
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POLICY CONCLUSIONS AND FURTHER RESEARCH

The analysis shows that data skills are required in 
many job advertisements in Germany and are be-
coming more relevant. This is a positive sign for the 
data economy in Germany, as companies increasingly  
realize the potential of data and try to implement it in 
their own operations. However, a growing demand for 
employees with data skills poses challenges for compa-
nies in the future in view of the existing skills gap, es-
pecially in digitalization professions (Burstedde 2021). 
Policymakers should intervene by, for example, taking 
measures that make it easier for companies to recruit 
foreign workers. They could, for example, create incen-
tives for immigration via higher education, as there is 
still a lot of potential in this field: currently, compar-
atively more people only immigrate after completing 
their university degree (Geis-Thöne 2022). Policymakers 
should start with the financial resources required for 
the granting of residence permits for the educational 
immigration of third-country nationals and set up a 
corresponding scholarship or guarantee program. 

In addition, further research could focus on the 
specific tasks that the job advertisements with data 
skills are primarily advertised for. For example, new 
employees could primarily help the company to im-
prove their data storage. Alternatively, the focus could 
be on data management or data use. However, the 
categories can also overlap, such that new employees 
could also help the company in several categories. A 
corresponding analysis can reveal in which data skill 
category companies have particularly high demand. 
This in turn can provide valuable implications for the 
vocational training, school, and higher education sec-
tor in Germany to address the growing skills gap. If, 
for example, skills are required on a large scale to 
technically create data interfaces in companies or to 
develop pragmatic data-based business models, this 
should be found accordingly in relevant curricula to be 
able to meet this demand in the future. This concerns, 
for example, the expansion of computer science as a 
school subject as well as the supply of appropriate 
teaching staff at schools in the STEM area and their 
continuous further training (Anger et al. 2022).

Beyond this, it could be analyzed in more detail 
whether there is indeed a sustainably growing de-
mand for data skills in companies or whether a high 
fluctuation hinders sustainable growth. The challenge 
would be to determine the degree of fluctuation in 
companies and to separate the effect of fluctuation 
from the general growth of job advertisements. Nev-
ertheless, a better understanding of the fluctuation 
could help to identify appropriate measures that com-
panies or policymaker could implement to counteract 
the skills gap.
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