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Abstract: In order to counter the impending shortage of skilled professionals in the aging societies of our time
in many western countries such as Germany, solutions for business and society are urgently needed. Here,
artificial intelligence (Al) can play an important role in mitigating the problem with the help of diverse
applications. At the same time, it is important to consider both the needs of the respective employee! and the
company to ensure that the use of Al has a positive impact on the organization and finds social acceptance. In
this article, we describe the newly developed OSQE model (Optimize, Secure, Qualify, Expand) shown in
Figure 1, which for the first time outlines an Al cycle against the shortage of skilled professionals in a holistic
approach that focuses equally on people and companies. This can serve organizations as a guide for strategy
development, decision-making for and implementation of Al-supported measures in an entire cycle of an
employee's affiliation with a company. The model takes three driving forces into account: companies,
professionals, and Al applications. In the model, the measures to be implemented are prioritized with
ascending numbering based on what would be most urgent for a company to implement. All measures relate
to areas of action that place people at the center and can be assigned to the classic cycle of belonging of an
employee in the company. In this regard, the opportunities that Al offers to professionals and companies are
highlighted.

Keywords: skills shortage; Al; Work 4.0; digital transformation; digital transformation; adaptive learning;
skill development; HCI; artificial intelligence; recruitment and selection; human resources information
systems; augmentation; substitution of workforce; augmentation strategies

Introduction

This article was written to help address an important problem for business and society: For
several reasons, many societies around the world are battling a shortage of skilled professionals - in
some cases, a shortage of professionals in general. A key role in the fight against the shortage of
skilled professionals is played by the enterprises themselves? . By taking appropriate action, they can
set an important course. Today's skilled professionals themselves are also essential to solving the
problem. [1,2].

1 In this text, the conventional masculine form of speech has been used for ease of reading. Of course, the
terms used are intended to apply to all genders and not to exclude anyone.
2 For reasons of simplification, the term "enterprise" will also be used in the following to refer to public

enterprises and public administration.

© 2023 by the author(s). Distributed under a Creative Commons CC BY license.
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Figure 1. OSQE model.

Indeed, a major thrust for combating the shortage can be unleashed on the basis of digital
transformation - in particular through the well-considered and sensible use of Al The extensive
consulting experience of the authors of this article shows, however, that both many professionals and
many companies have difficulties in finding their bearings in the field of Al and in deciding on and
implementing targeted measures. There are various reasons for this.

Thus, there is often reservations and uncertainty when dealing with the topic of AL A
contributing factor is that Al is considered difficult to understand due to its association with
mathematics, statistics and computer science. In addition, studies show a diffuse feeling of fear of Al,
especially in Germany. [3,4].

In working environments, employees are often concerned about being "rationalized away" as a
result of Al projects and consequently losing their jobs. This is often exacerbated by the fact that
companies shy away from discussing the opportunities that Al offers all those involved, so as not to
arouse fears within the workforce. A proactive approach is therefore often lacking that addresses
augmentation of work with the help of Al [5] also because in many cases there is a lack of basic
knowledge about the technologies and their possibilities such as Blueprints for implementation in
non-IT domains.

Many discussions about Al grapple with fundamental ethical issues [6], which can turn
decisions about the use of Al in a company into fundamental decisions that are assessed in different
moral ways. This implicitly raises the inhibition threshold for managers and employees to position
themselves in this regard. And furthermore, the use of Al raises not only technological and ethical
issues that need to be addressed, but equally legal, social, political, and economic issues that affect
society as a whole [7].

This makes it all the more important to transparently highlight the opportunities and challenges
that Al presents to combat the skills shortage, as well as to outline ways to approach the topic
holistically. This article is intended as a starting point to support companies and employees both in
the holistically oriented and responsible use of Al to alleviate the shortage of skilled professionals
and in a human-centered orientation of the use of Al

Background

The shortage of skilled professionals is a major problem for many western countries such as
Germany. According to a recent study by the Institute for Employment Research (IAB), there were
more than 1.8 million vacancies in Germany in the third quarter of 2022 [8]. This problem is expected
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to worsen significantly in the coming years, with companies and public administration alone
expected to "require up to 780,000 additional technology specialists in Germany by 2026" [9].

It is expected that the "transformation of the economy" towards decarbonization and
digitalization will lead to a growing demand especially for STEM? professionals [10].

One major reason is that demographic change will have a significant impact within this decade,
as shown in Figure 2. Many members of the so-called baby boomer generation will retire, and the
following generations will not be able to absorb this quantitative outflow of professionals. [11].

Age structure of the population in Germany, 2021
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Figure 2. Age structure of the population in Germany, 2021, Published by Federal Statistical Office,
Destatis, 2022. [11.]

In addition, there is a qualitative shift. In Germany in particular, there is a declining interest and
level of training in the area of STEM education, which is of particular vital to companies. For example,
the number of first-year students in STEM subjects has declined significantly in recent years, and
achievement tests of school students in these subjects also indicate a reduced level of performance
[12].

Therefore, especially in aging societies like Germany, this loss of labor will lead to a burden on
the economy and society that is hardly imaginable in its scope today - with all the resulting problems
for the national economic performance, competitiveness of companies, as well as public budgets
[13]. The problem is recognized, as can be seen in Figure 3. For example, in the summer of 2022, 56%
of German industrial companies identified the shortage of skilled professionals "as a major business
risk" [14].

3 STEM is a common abbreviation for  Science, Technology, Engineering, and Math.
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Figure 3. Perceived business risks for companies in Germany in 2022, German Chamber of
Commerce and Industry (DIHK) Business Survey 2022 [14]..

The use of Al has immense potential to provide great relief and help counteract this labor
shortage problem. Especially in the field of economy, there are numerous possibilities for approaches
[15,16]. In our opinion, it is essential to think holistically about the entire cycle of an employee's
affiliation with a company. This is the only way to tap the full potential of Al to tackle the shortage
of skilled professionals and to create overarching benefits for companies and employees.

In this holistic approach, it is also crucial to take into account the needs of all stakeholders to
ensure that the Al measures are a sustainable success not only technologically, but also
organizationally, socially as well as politically in terms of their acceptance. Many employees are
skeptical with regard to the use of Al seeing it less as a relief than as a threat that could lead to the
loss of their jobs. Addressing such fears and countering them constructively will be an important task
for companies. At the same time, however, studies suggest that not only the willingness, but also the
desire of employees to incorporate Al into HR is present among a majority of younger Generation Y
employees [17]. It is indispensable to show all employees, regardless of age, what their working life
will be like after the introduction of AL

Challenges

The often-existing reservations about Al has already been described at the beginning, and must
be taken seriously and taken into account in all AI projects. Companies and employees must be able
to approach the topic with the feeling that they can master the challenge. A holistic approach provides
an overview and the certainty that nothing has been overlooked. Information about targeted Al
applications and potentials as well as the associated challenges must flow in a correspondingly
structured manner. Concerns about the negative impact of Al projects on today's employees must be
taken seriously and countered on the basis of effective measures and thus in a well-founded manner.
After all, digital transformation is already changing existing job profiles, and the more disruptive the
technologies, the greater the impact on job profiles and qualifications. This requires not only a
reassessment of traditional qualification paths, but also represents both an opportunity and a
challenge to better address the qualification needs of employees and companies and to demonstrate
promising prospects for the future.

Particular attention must also be paid to the fact that when selecting Al applications, the
principle applies that they must be culturally and legally appropriate to the conditions in the country
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of application. This fundamentally requires a national review of Al applications [18], and leads to
more difficult conditions for companies that have multiple international locations, but is nevertheless
essential to consider.
The use of Al applications in the human resources (HR) field is further complicated by the fact
that, depending on the size of the company, small data sets are available [19].
Moreover, the more personal data is digitally available and used by different people, the more
a transparent guideline and education on cybersecurity threats and safeguards is needed as an
inseparable part of any Al strategy [20].
Many research questions result from the foregoing. Some of the most pressing are:
- What measures are needed to unleash the potential of using Al to combat the skills
shortage?
- Which business areas and application areas should companies focus on first?
- How can the business requirements of companies and the needs of employees be
taken into account in the same way as other transformation processes?

- How can we ensure that Al is used successfully in a responsible and sustainable way?

Methods

In order to outline practical approaches and provide orientation for companies and employees,
a holistic approach should be chosen. This is necessary to exploit the potential of Al for the benefit of
people and companies in overcoming the shortage of skilled professionals. The approach should
focus equally on companies and employees along relevant subject areas, such as when an employee
joins the company or during his or her qualification. In this way, the resulting requirements can be
taken into account in the technological and organizational utilization of Al

This necessity entails a degree of complexity that must not be underestimated. What is needed
are assessments of technology and possible technological applications, their impact both in
organizational [21] and economic aspects, including the question of their half-life until technological
obsolescence. In addition, various questions also arise from an ethical point of view [22] and, of
course, the corporate culture, organizational aspects, social factors and general acceptance must be
taken into account. Here, the details of an implementation are important: Experiences with Human-
Computer-Interaction (HCI) show that different users with their different motivations and needs
should be addressed in order to act successfully [23]. For example, the views and needs of employees,
managers and entrepreneurs have both overlaps and differences, and the company must also be seen
as an actor with its own requirements and interests.

This article therefore addresses the four research questions mentioned under Challenges above.
To answer them, a novel, holistically oriented model was developed, which is presented below.

Results

Decision-makers and employees can apply the "Al cycle against the shortage of skilled
professionals” as a guide on the way to a holistic approach. Since the associated model is based on
the four categories of Optimize, Secure, Qualify and Expand, it is called the "OSQE model" for short.
This model was developed by the authors Marina Tcharnetsky and Florian Vogt and represents the
appropriate application possibilities of Al along a cycle. The OSQE model is based on the phases of
an employee's affiliation with a company and begins, also in the sense of a maturity model of a
company, where measures are easiest to implement for each company: with the so-called "low
hanging fruits". The resulting measures were color-coded according to this logic - as in a traffic light
system.

The philosophy regarding the way Al should be used and according to which the cycle was
developed is reflected in the chosen holistic approach of the developed OSQE model: Both the needs
of the company and the employee are equally in the center of interest and are brought into harmony
with each other. This is in line with the "Responsible AI" fundamental principle of finding
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responsible, human-centered solutions in Al developments. A related branch is the field of "Ethical
AI", which places Al development under the judgment aspects of ethical standards [24].

It should be noted that in practice there is often a large gap between the basic principles of a
responsible Al solution that have been developed and what is being practiced in companies [25].
Therefore, it is useful to follow a clear methodology [26] to follow in order to consistently ensure
Responsible Al principles in Al implementations.

A responsible approach to Al relates not only to the application purpose, the methods and
principles used for the introduction and ongoing operation of Al, but also to the concrete application.
Especially in Al there are many new developments within very short time intervals, as for example
in all technologies dealing with large language models [27] like ChatGPT [28], image generation
technologies like DALL-E 2 or Midjourney, general applications around Generative Al, Diffusion
Models [29] etc. As with most fast-moving technological developments, many questions of a
technological, social, cultural, ethical, and legal nature remain unanswered.

However, it is foreseeable that these new technologies will probably not only have a major
impact on our working world but will also significantly influence it very quickly. It is therefore all
the more important, both as a company and as an employee, to deal intensively with the topic of Al
at an early stage [30] and to gain experience at least with Al applications that are now established.
This helps considerably, both as a decision-maker and as an employee, to be able to assess the new
technological developments and their significance for one's own business and work area in a self-
responsible and competent manner. This is even more important as many tech companies in the past
have been better at seizing business opportunities than adequately considering ethical implications
of the algorithms used [31]. Therefore, not only but also especially HR managers have to deal
intensively with the possibilities of Al in order to be able to comply with the standards valid to date,
e.g., with regard to ethics and fairness [32].

In addition, it is important to adhere to the basic principles of the EU Artificial Intelligence Act,
a new EU regulation on the responsible use of artificial intelligence, which is currently in the
legislative process, and may be adopted as early as 2023 [33].

The four categories Optimize, Secure, Qualify, Expand considered in the holistic OSQE model
will be explained in the following and outlined with some exemplarily selected applications.

In principle, a holistic approach is necessary in order to do justice to the topic. However, even a
holistic approach begins with individual implementation steps. For example, a company can make a
very good start with individual measures in selected areas, familiarize itself and its employees with
the use of Al and then close existing gaps step by step on the basis of the experience gained. In this
regard, activities in the area of optimizing current activities - highlighted in red in the OSQE model
according to a traffic light system to document prioritization - are a good idea. It is precisely in these
areas that there is already at least a basic understanding of the potential of AL Studies show that
many companies see automation solutions in particular as a measure against the shortage of skilled
professionals [34]. Thus, these could be a sensible start to orienting themselves more and more in the
direction of holism.

Category 1: Optimize

In the first category, "Optimize", the company's measures focus on reducing the workload of
employees who are already part of the company and making better use of them.

The relief of the professionals [35] (package of measures 1, highlighted in red) can take place
intellectually, mentally, physically, or in terms of time. Intellectual relief can be achieved by having
Al take over repetitive routine tasks, such as creating reports, entering and processing data, or
performing routine analyses. The mental relief can take place, for example, through chatbots taking
over at least part of the customer communication, for example, in complaint hotlines [35]. Another
example is Al-assisted anomaly detection, for example, on X-ray images in the field of early cancer
detection. The knowledge that a safeguarding cross-check is performed by Al can have a very
relieving effect on medical professionals. The physical relief is especially due to the use of robots, e.g.,
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in the health care industry, industry, or disaster control [36] given. And the temporal relief occurs,
for example, through the time saved by the processing of large amounts of data by AI [37].

The package of measures 2 (highlighted in red) shows that with the help of Al, humans can be
better deployed by sharing the work in a strength-specific manner: By having Al take over routine
tasks that would require care and concentration from humans over a longer period of time, the error
rate decreases [35]. At the same time, Al-side adoption of hazardous activities decreases the risk of
human harm. Humans, on the other hand, can focus on complex (special) cases, such as checking Al-
supported identified potential problem cases, so-called "red flags" in the area of IT security, process
control, or customer support. The freed-up working time can be used for strategically important
topics such as personnel development, creation of new business ideas and products, or personal
customer contact. Also in view of the immense shortage of skilled professionals in the field of
information technology, very easy-to-use, so-called no code/low code solutions can enable employees
without programming experience to implement their own ideas in the adaptation of the software
used.

Category 2: Secure

The second category, "Secure", is measure package 3 (highlighted in orange) with a focus on
wanting to retain professionals. According to a survey [38] by Workplace Intelligence and Oracle
(2021) in 13 countries, 55% of the more than 14,000 employees and decision-makers surveyed said
they would be more likely to stay with a company that uses Al to support their career development.
As many as 85% want technology to help them with their career development, especially when it
comes to identifying specific training needs and suggesting training opportunities. To this end, Al-
powered solutions offer interesting approaches to provide a more individualized approach to
employees, thereby increasing employee satisfaction, while also easing the burden on HR
departments [39]. In this regard, about four-fifths of the issues commonly encountered in HR
departments could be handled by AI [40].

For example, Al-powered chatbots could be used for surveys to reduce employee turnover.
Employees would be able to be proactively surveyed at important milestones in their employment
with the company and would have the opportunity to express ideas, wishes or suggestions for
improvement in individualized interactions. [41]. In this way, employee participation is actively
promoted and supported [42]. On this basis, the company would be able to respond better and more
appropriately to the answers than to the results of classic, standardized surveys.

Al-supported individualization in training not only supports learning success, but also shows
employees that companies are actively investing in them and their development with the help of new
technological support options. Furthermore, according to the aforementioned study, most
respondents prefer to work for a company with Al support because it keeps them technologically up-
to-date as employees. Al can also provide ongoing support in everyday work with the optimization
measures mentioned under the first point and relieve employees of less satisfying tasks, thus
increasing job satisfaction and making day-to-day business easier.

With the package of measures 4 (highlighted in orange), Al supports in securing the knowledge
of the specialists for the company. This is because Al develops its strength in the use of unstructured
data: the major problem of non-Al-supported classic knowledge databases of companies, which
always first have to be filled with processed data at great expense. Al algorithms, on the other hand,
can learn from historical data, supporting humans as their digital assistant systems [37]. Experienced
employees can then use their expertise to evaluate the results, thus actively improving the algorithms
used and thus preserving the know-how for the company. This could avoid a lot of work with written
documentation and minimize the risk of something being forgotten or overlooked.

Category 3: Qualify

The third category "Qualify" relates to package of measures 5 (highlighted in green), in which
the company's employees receive further training with the help of Al or as a result of Al This is
because successful use of Al often requires further training on the part of the company to raise the
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level of qualification of its employees. In addition, Al can help, for example, in the identification of
communication/social training needs, or assist in the targeted selection and offering of training
measures [43]. In this respect, Al can play an important role here in implementing the active
competence development of employees that is also required on the part of the company [44]. And
there are Al-supported [45]. individualized training programs that convey appropriate content in
appropriate language. In addition, of course, the aforementioned is fundamentally true in the
Optimize and Secure categories: The selection, introduction, and handling of Al-based applications
keeps decision-makers and employees technologically up-to-date, which is the only way to leverage
the potential of new Al applications [35]. What will be particularly important in the future is not only
to develop an understanding of the potential of Al applications, but also how this can be used with
regard to the changing shape of today's job profiles [46]. This is where developing meaningful
augmentation strategies is critical [44]. In this respect in particular, cooperation between companies
and employees that is geared toward creativity is necessary to enable the use of Al that has a positive
impact.

Category 4: Expand

The fourth and last category comprises the "expanding" of the company: In measure package 6
(highlighted in blue), Al helps the company to find new skilled professionals: internally as well as
externally [47]. Al-supported screening of applicant and personnel data for skills and abilities can
take place, as can the assessment and outlining of development opportunities and paths with regard
to desired positions. This also includes Al-supported matching of data regarding specific position
requirements. The application process can also be Al-supported. [48]

Finally, the (last) set of measures 7 (highlighted in blue) relates to the onboarding of new
professionals. Al accelerates the onboarding of new employees and improves it through
personalized sequencing and alignment. In addition, Al-supported experience mapping can take
place at defined points. Faster and more targeted onboarding of new employees is also possible with
Al support, for example by using individualized training programs as well as learning simulations
and the like.

Discussion

The model is an important initial guide for implementation in companies. However, it is crucial
to pay active attention to balancing the needs of those involved during implementation, and thus to
ensure that Al can unfold its potential in terms of supporting the company as well as the skilled
workforce. Only in this way is a sustainably successful implementation of the new technical
possibilities conceivable, which in turn can lead to a positive response in the company. This is the
best basis for ensuring open-mindedness and committed participation of all stakeholders in the
underlying change process in the company, which should be an actively managed part of any Al
introduction.

When introducing Al, concrete positive effects of the AI on the employees must be
demonstrated, as well as the perspectives that open up: This includes the relief of employees who
can take on other tasks in the time freed up. This can result in positive effects with regard to job
enrichment and job improvement. The introduction of Al will also have to be combined with concrete
and further training measures, which both companies and employees will have to design and
implement proactively and constructively.

The fundamental rule for all topics dealing with technological change in close interaction with
HR development is that change can only be managed as a team. Technological competencies must be
brought together with the knowledge of the specialist departments, and the entire change process
must be supported by management as well as coordinated with employee stakeholders. Both data
protection requirements and ethical guidelines must be adhered to [39]. The development and
application of clear ethical standards in the use of Al will be a success factor for social acceptance in
this context [49].
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At the same time, regulators also have their eyes on the opportunities and challenges posed by
the introduction of Al That is why legislative proposals such as the EU Artificial Intelligence Act [50]
provide for regulation of Al to unleash the opportunities in a regulatory safe environment [51].

This forms an important basis for successfully implementing the necessary change measures in
companies in particular, but also in society in general, and for harmonizing technology and society.

In the context of the model, however, there are a number of further questions that need to be
clarified in the course of the transformation of the companies: These primarily concern questions
about the detailed design of the model in practice within the holistic cycle. How does the new
distribution of work made possible by the measures described in the "Optimization" category change
the job profile and task description of employees? How does this affect the qualification category?
For example, it is necessary to consider which areas need to be qualified. With what lead time must
qualification measures be started. And how often is qualification carried out? Comparably detailed
questions also arise in connection with the other packages of measures when it comes to the concrete
implementation of the model in the company. Nevertheless, the following applies: The most
important step is the formulation of a red thread that helps to steer the individual measures in a
holistically oriented model in a targeted and prioritized manner. The OSQE model provides this
common thread.

Summary and conclusion

This article describes the problem of the shortage of skilled professionals using Germany as a
case study and discusses the challenges for companies to meet this shortage. In a practical approach,
a methodology is developed here to master the challenges with methods of Al. A new circular model
was developed for orientation, planning and implementation of measures.

The individual elements of the OSQE model described interlock and result in a continuous cycle
consisting of four categories and seven packages of measures. Within this cycle, a company and its
professionals can form a meaningful interaction between people and machines. The important thing
here is that the measures are thought through, planned and implemented responsibly and
sustainably. In this way, the respective strengths of people and machines can be used positively and
further developed with the help of suitable qualification measures, among other things.

Human work is not devalued by this, but can, on the contrary, be made significantly easier and
(re)designed in a more interesting way by the measures described, if they are implemented
responsibly and flanked by qualifications. The company can thus counteract the shortage of skilled
professionals in an innovative and people-centric way and increase its competitiveness.
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