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Abstract
Traditional work models often need more flexibility and time autonomy for employees, especially in manufacturing.
Quantitative approaches and Artificial Intelligence (AI) applications offer the potential to improve work design. However,
current research does not entirely focus on human-centric criteria that enable time autonomy. This paper addresses this
gap by developing a set of criteria to evaluate intelligent personnel planning approaches based on their ability to enhance
time autonomy for employees. Existing quantitative approaches are not sufficient to fully integrate the developed criteria.
Consequently, a novel model approach is proposed in an attempt to bridge the gap between current practices and the newly
developed criteria. This two-stage planning approach fosters democratization of time autonomy on the shopfloor, moving
beyond traditional top-down scheduling. The paper concludes by outlining the implementation process and discusses future
developments with respect to AI for this model approach.
Practical Relevance: In order to make working conditions on the shopfloor in high-wage countries more attractive, an
alternative organization of shift work is needed. Intelligent planning approaches that combine traditional operations research
methods with artificial intelligence approaches can democratize shift organization regarding time autonomy. Planning that
takes both employee and employer preferences into account in a balanced way will strengthen the long-term competitiveness
of manufacturing companies in high-wage countries and counteract the shortage of skilled labor.

Keywords Personnel Planning · Time Autonomy · Human-Centric Optimization · Artificial Intelligence · Manufacturing

Zeitautonomie in der Personaleinsatzplanung: Anforderungen und Lösungsansätze im Rahmen einer
intelligenten Planung aus ganzheitlicher organisationaler Perspektive

Zusammenfassung
Flexible Schichtmodelle, die Zeitautonomie fördern, sind für Beschäftigte in der Produktion nur selten anzutreffen. Quan-
titative Ansätze und Anwendungen der Künstlichen Intelligenz (KI) haben das Potenzial, die Arbeitsgestaltung zu ver-
bessern. In diesem Beitrag werden aktuelle Forschungsansätze anhand arbeitswissenschaftlicher Kriterien systematisiert
und im Hinblick auf die Ermöglichung von Zeitautonomie auf dem Shopfloor bewertet. Es wird gezeigt, dass aktuell
kein Ansatz die Kriterien umfassend erfüllt. Es wird ein zweistufiger Planungsansatz entwickelt, der über die traditionelle
Top-down Planung hinaus geht und die Demokratisierung der Zeitautonomie in der Produktion fördert. Schließlich wird
der Implementierungsprozess skizziert und ein Ausblick auf zukünftige Entwicklungen im Hinblick auf Erweiterungen
durch KI gegeben.
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Praktische Relevanz: Um die Arbeitsbedingungen auf dem Shopfloor in Hochlohnländern attraktiver zu gestalten, bedarf
es einer alternativen Realisierung der Schichtarbeit. Mit intelligenten Planungsansätzen, die tradierte Methoden des Ope-
rations Research mit Ansätzen Künstlicher Intelligenz kombinieren, kann eine Demokratisierung der Schichtgestaltung im
Hinblick auf die Zeitautonomie erfolgen. Durch eine Planung, die sowohl Beschäftigten- als auch Arbeitgeberpräferenzen
ausgewogen berücksichtigt, wird die langfristige Wettbewerbsfähigkeit von produzierenden Unternehmen an Hochlohn-
standorten gestärkt und dem Fachkräftemangel entgegengewirkt.

Schlüsselwörter Personaleinsatzplanung · Zeitautonomie · Menschenzentrierte Optimierung · Künstliche Intelligenz ·
Produktion

1 Introduction, research question and
research approach

Employee retention is a significant challenge in today’s
global labor market. Especially in high-wage countries,
such as Germany, demographic developments are creating
a shortage of qualified workers, which forces companies to
attract and retain a qualified workforce (Smit et al. 2020).
This especially relates to manufacturing companies where
rationalization topics need to be addressed simultaneously.
Current work suggests that offering flexible work arrange-
ments that grant employees more autonomy with regard to
their working time might be a critical measure for organi-
zations to retain their employees (cf. Sharma 2024).

Job autonomy—defined by Hackman and Oldham
(1980) as “the degree to which the job provides substantial
freedom, independence, and discretion to the individual in
scheduling the work and in determining the procedures to
be used in carrying it out” (Hackman and Oldham 1980,
p. 162)—is a promising approach to leverage humaniza-
tion and rationalization potentials in work design. Several
factors contribute to employees’ desire for autonomy, in-
cluding a preference for uninterrupted time off, a need for
work-life balance to manage personal commitments (e.g.
childcare during specific hours) and even individual health
considerations such as optimal sleep patterns (Garhammer
1994; Parker et al. 2017; Parker and Knight 2024; Schlick
et al. 2018).

Since job autonomy is multidimensional, there is a need
to distinguish between different dimensions of autonomy
(De Spiegelaere et al. 2016; Morgeson and Humphrey
2006). According to De Spiegelaere et al. (2016), work
time autonomy refers to the discretion of employees on

Fig. 1 Workforce planning pro-
cess according to Scherf (2005),
adapted Gabriel et al. (2022)
Abb. 1 Personalplanungspro-
zess nach Scherf (2005), adap-
tiert von Gabriel et al. (2022)
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when to stop and start working. Flexible shifts and working
patterns that offer time autonomy and promote work-life
balance are, however, rarely evident for blue-collar workers
in manufacturing companies so far (IG Metall 2017).

If such flexible shifts and working patterns are intro-
duced in manufacturing companies, they need to be consid-
ered within the personnel planning process (Fig. 1).

According to Scherf (2005), personnel planning in pro-
duction considers a long-term phase in which general per-
sonnel requirements as well as working time models (e.g.
shift models in production) are defined. Subsequently, the
required primary data (such as planned production volumes
and planned employee absenteeism) is captured and em-
ployees are assigned to working hours and tasks. The latter
process is referred to as “personnel scheduling” in literature
and takes into account the given numbers of employees,
their qualifications and the assigned tasks, working loca-
tions and times in production (cf. Günther 2010; Burgert
et al. 2024). In a short-term phase, operational planning
takes part in which the absence of employees needs to be
considered within a rescheduling of staff to meet the re-
quired production targets (cf. Scherf 2005).

Overall, personnel scheduling links personnel and pro-
duction planning, as the required production plan is realized
with the available work persons with the required compe-
tencies (cf. Denkena et al. 2016, p. 489). On the one hand,
personnel planning has a significant impact on developing
the competencies of the employees (Denkena et al. 2016,
p. 489) and offers the potential to promote human-centered
work by incorporating key elements of work design into
the planning rational (Burgert et al. 2024, p. 1573). On
the other hand, personnel planning has a strong influence
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on the degree of flexibility and productivity in production
(Denkena et al. 2016, p. 489).

The past decades of research on personnel planning in
production have produced various optimization approaches
to consider these complex interdependencies in the plan-
ning process. Intelligent algorithm-based optimization ap-
proaches are especially capable of supporting this complex
task (Burgert et al. 2024, p. 1573.) Besides the traditional
quantitative approaches, the last years of research have gen-
erated single applications of Artificial intelligence (AI) for
personnel planning.

There is no single definition for the term artificial intel-
ligence (Forschungsbeirat Industrie 4.0/acatech 2024): This
is because the topic is complex and the understanding of
what AI actually is varies greatly. Frequently mentioned ca-
pabilities of AI are learning, autonomous decision-making
and action as well as independent handling of uncertainty.
Mockenhaupt (2021) distinguishes between four develop-
ment stages of AI. In stage 1, heuristic systems make it
possible to draw conclusions with limited knowledge. In
stage 2, knowledge-based systems enable machine-based
knowledge processing with a manually created knowledge
base. In stage 3, Machine Learning (ML) methods are used
to process knowledge using an automatically created model.
In level 4, hybrid cognitive systems combine machine learn-
ing methods and knowledge-based systems (Mockenhaupt
2021). This is a simplified categorization because the term
“intelligence” is not uniformly defined in the context of
technical systems and it is not possible to make a clear
statement about which AI level is at the top of the pyramid
(Forschungsbeirat Industrie 4.0/acatech 2024).

While the development stages of AI offer a framework
for understanding its capabilities, a key challenge lies in
ensuring transparency in these systems. Decision trees or
knowledge bases of expert systems for humans follow
a clearly comprehensible structure based on logical rules,
features and object hierarchies. This is also referred to as
symbolic models (cf. Döbel et al. 2018). Machine learning
methods, unlike traditional programming, often function
as black boxes, making it difficult for humans to under-
stand the reasoning behind their outputs. This applies in
particular to deep neural networks. This is why sub-sym-
bolic models gain importance (Döbel et al. 2018). Hybrid
cognitive systems are a combination of data-driven and
knowledge-based components that promise great benefits
due to the different strengths of the approaches (Kirchner
and Schmid 2023; Forschungsbeirat Industrie 4.0/acatech
2024).

Both intelligent algorithm-based optimization and AI
sub-symbolic models offer significant advantages for man-
ufacturing firms and work design. However, a sole focus on
the technical system is inadequate for systems intended to
be used by employees and to be both successful and sus-

tainable. Instead, the entire work system must be designed
with a socio-technical system approach in mind (cf. Cum-
mings 1978; Fraccaroli et al. 2024; Bentler et al. 2023a, b),
considering the complex interrelationships of information
systems-induced change and a radically changing working
environment (Nolte et al. 2020). This facilitates the com-
bination of human strengths with the benefits of intelligent
systems (cf. Gabriel et al. 2022, p. 431).

The current technological developments open up new op-
portunities to strengthen democratization of time autonomy
in personnel planning. This paper aims at exploring and
analyzing these opportunities by answering the following
research questions:

1. Which central criteria must a participatory personnel
planning system fulfill from a work-science perspective?

2. How well do current solutions address these criteria?
3. Which strategies can be implemented in manufacturing

to manage employee preferences?
4. To what extent can AI technologies make an additional

contribution to increase time autonomy?

To address these research questions, the paper is struc-
tured as follows:

First, selection criteria for an approach of Artificial Intel-
ligence and optimization for human-centric personnel plan-
ning to increase time autonomy are developed in Sect. 2
on the basis of the relevant literature on work science and
ergonomics. Then, the results of a systematic literature re-
search and market research on current approaches of intel-
ligent, human-oriented personnel scheduling are presented
in Sect. 3 and compared to the selection criteria. It is shown
that currently, no solution exists that fully embraces rele-
vant criteria from a work science perspective with respect
to enhancing time autonomy (e.g. employee-specific prefer-
ences, qualification matrix-based competence development,
work-life balance enhancement, flexible shift models). Sec-
tion 4 proposes a novel concept for intelligent personnel
planning. This concept integrates elements from the re-
viewed approaches and adapts them for a manufacturing
environment, although the framework can be adapted to
other contexts. Recommendations for the implementation
are outlined to achieve an optimal level of workforce time
autonomy.

The paper concludes with a critical discussion with re-
spect to i.e. ethical and work psychological considerations.
Future research questions are identified as well as condi-
tions for further scalability in industrial practice are out-
lined.
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2 Development of selection criteria for an
intelligent personnel planning approach
to increase time autonomy

When introducing an approach for intelligent personnel
planning in production, two key objectives of work sci-
ence need to be considered (Guest et al. 2022; cf. Schlick
et al. 2018, p. 5). The objective of “rationalization” ad-
dresses the productive-related aspects—such as meeting the
required production volumes within the planned time and
cost. “Humanization,” however, constitutes all aspects of
designing work in a human-oriented manner. These two
objectives need to be considered and balanced in order to
successfully introduce a new approach of intelligent per-
sonnel planning with focus on increasing time autonomy in
a producing company.

Furthermore, introducing an intelligent tool needs to be
considered from a socio-technical point of view (cf. Gabriel
et al. 2022, p. 342). Work systems, such as an assembly de-
partment within production, are regarded within industrial
psychology as socio-technical systems (cf. Emery 1959;
Emery and Thorsrud 1982). They consist of a social sub-
system (e.g. the workgroups in production) and a technical
subsystem (e.g. the intelligent personnel planning software
tool) (cf. Ulich 2013, p. 4). The concept of socio-technical
system design envisages a joint optimization of the use of
technology and the organization (Ulich 2013, p. 4 f.).

The HTO (human, technology, organization) concept,
also known as MTO-concept (man, technology, organiza-

Natural & Social
Environment

Market

Technology

Human

Organisation

Task

Fig. 2 HTO-concept according to Ulich (2013), adapted Gabriel et al.
(2022)
Abb. 2 MTO-Konzept in Anlehnung an Ulich (2013), adaptiert von
Gabriel et al. (2022)

tion) is based on this approach (see Strohm and Ulich 1997).
The HTO concept by Ulich (2013) assumes that people,
technology and organization must be considered in terms
of their interdependences and interactions. It further pro-
vides a holistic analysis and design of these dimensions.
The work task is considered as a link between these areas
(Fig. 2; see Ulich 2013, p. 5 ff.).

To develop a holistic approach of increasing time auton-
omy in production with an intelligent personnel planning
concept, the HTO concept is utilized as an overarching
meta-criteria for developing detailed criteria within the di-
mensions of human, organization and technology, as well as
in the intersections of these dimensions.

2.1 Human-oriented criteria

Early human-centered approaches from the tradition of
work psychology considered how tasks, which link hu-
man, technological and organizational systems, should be
designed to keep employees healthy and motivated and to
foster their personal growth at work.

According to these early guidelines, tasks first have to
be designed in a way that ensures harmlessness, feasibil-
ity and freedom from impairment. However, going beyond
that, tasks should also provide opportunities for learning
and personal development (Hacker and Richter 1980). Work
settings, which grant employees decision latitude and scope
for action (cf. Ulich 2005), or autonomy (cf. Hackman and
Oldham 1976) and in which they may take responsibility for
complete tasks (cf. Hacker 2006), are particularly important
to let employees’ personality develop. Complete tasks are
high in task identity (Hackman and Oldham 1976), which
means they provide jobs that involve a whole piece of work
(Morgeson and Humphrey 2006)—from the setting of goals
and the planning of resources, via the selection of means
and actions to their implementation and control (cf. Hacker
2006). Employees may easily identify the results of their
own effort while working on these tasks (Morgeson and
Humphrey 2006). Complete tasks are more interesting to
perform (Morgeson and Humphrey 2006), but also help
workers to recognize how their own work contributes to
the organization’s overall goals and to see the importance
and significance of the job they do (Ulich 2011). More-
over, they require a variety of skills from the worker and,
therefore, provide meaningful learning opportunities (Ulich
2005).

If workers cannot be assigned complete tasks, rotating
tasks and workplaces may still help achieve the positive
effects associated with such tasks. Workers may understand
how the different sub-tasks they fulfill at different points
in time are intertwined and implement different skills for
different sub-tasks. Based on that, they may more clearly
see their own contribution to the big picture. Meta-analytic
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evidence suggests that task rotation particularly contributes
to positive job attitudes, whereas learning and development
as well as employees’ subjective well-being and organi-
zational performance profit more if entire jobs are rotated
(Mlekus and Maier 2021).

Task identity, task variety and autonomy regarding de-
cisions as well as work schedules and methods are cen-
tral design features in the Job Characteristics Model (JCM;
Hackman and Oldham 1976) and its extensions (Humphrey
et al. 2007; Morgeson and Campion 2003; Morgeson and
Humphrey 2008; Parker et al. 2001). The JCM has long-
time been the most influential model in work design and it
still has a major impact on the field (Parker et al. 2017).
Its motivational job characteristics are the design features
most studied in research (Morgeson and Humphrey 2006)
and the importance of the five work characteristics the JCM
promotes for jobs to be intrinsically motivating and satisfy-
ing, have empirically been acknowledged to relate to a va-
riety of affective and behavioral outcomes (e.g. Humphrey
et al. 2007). Apart from these traditional and further (e.g.
specialization or task identity) motivational design features,
the newer models highlight social characteristics like in-
terdependence and feedback from others as important de-
sign features. If workers may choose their tasks on a daily
or weekly basis and tasks are rotated among workers, the
task one fulfills is inevitably contingent on the work of
others. Moreover, if workers select their shifts and tasks
according to their preferences, they may align their work
setting with that of close colleagues with whom they col-
laborate effectively. This could be realized with a market-
place tool approach of preference setting and shift swap-
ping (cf. Gabriel et al. 2023). As social characteristics are
closely related to employees’ turnover intentions and com-
mitment (Humphrey et al. 2007), they need to be consid-
ered when jobs are designed. Another aspect that needs to
be considered is the team composition, as well-established
teams may be torn apart by an intelligent planning tool (cf.
Gabriel et al. 2023). Further, human-oriented aspects were
found in a qualitative interview study at a manufacturer of
white goods (see Gabriel et al. 2023), where it was stated
that a stable long-term planning fixation is appreciated for
compatibility with private activities. Moreover, early trans-
parency about attendance and absences facilitates the adap-
tion to short-term changes. The (current and future targeted)
competencies and qualifications of the employees need to
be taken into account and personal (physical and cognitive)
limitations need to be considered in planning (cf. Gabriel
et al. 2023; Burgert et al. 2024).

2.2 Organization-oriented criteria

With respect to the dimension of organization, the planning
tool needs to consider the planned production programme in

terms of variants and quantity to meet the production targets
as well as the corresponding planned production processes
and forms of work organization (cf. Burggräf et al. 2021).

On the one hand, the organization requires long-term
planning stability to enable purchasing or manufacturing
processes within the upstream production steps and supply
chain. On the other hand, the planning tool must be able
to adapt to short-term changes (e.g. because of unplanned
absenteeism of employees).

Furthermore, the planning rational needs to take into ac-
count the shift models, working times and composition of the
workforce (permanent and temporary employees) as well as
holiday planning and time accounts need to be considered
(cf. Burgert et al. 2024; Gabriel et al. 2022). The working
conditions, such as the working environment (e.g. noise ex-
posures) and aspects of production ergonomics, need to be
considered and interlinked to the individual personal limi-
tations (cf. Gabriel et al. 2023; Burgert et al. 2024).

In order to understand and adequately represent the needs
of stakeholders in the organization, it is essential to follow
a participatory approach when introducing such planning
tools into the organization. Simonsen and Robertson (2013)
have pointed out that one of the most important advantages
of participatory design is “[...] to support mutual learn-
ing between multiple participants in collective reflection-
in-action” (Simonsen and Robertson 2013, p. 2). This is
of particular importance for developing and implementing
a digitized support tool for personnel planning, as implicit
and informal ways of communication can be uncovered.
Participatory design gives a voice to people who remain
otherwise invisible and it enables them to take responsibi-
lity for their own work environment (Van der Velden and
Mörtberg 2015). Therefore, it offers a democratic way to
“moralize technology” and to find a solution that takes user
values seriously into account (Verbeek 2011).

2.3 Technology-related criteria

Concerning the dimension of technology, it can be stated
that traditional human criteria of work design, which fo-
cus only on the interaction between the employees and the
work activity, are no longer sufficient. The use of artifi-
cial intelligence adds another element to this field, which
must be taken into account in the interaction of human-cen-
tered design of work and technology. Recent work (Parker
and Grote 2022) highlights that these human-centered cri-
teria should be considered proactively when algorithms are
designed and implemented. Current approaches attempt to
meet this challenge by proposing that socio-technical sys-
tems must be designed in a deficit-oriented, data-reliability-
oriented, protection-oriented and potential-oriented manner
to meet the needs of employees (Kluge et al. 2021; Parker
and Boeing 2023).
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As mentioned by Latos et al. (2024), most studies of use
and acceptance of innovative products and technologies are
based on the Technology Acceptance Model (TAM) (Davis
1989), Theory of Planned Behaviour (TPB) (Ajzen 1991)
and Unified Theory of Acceptance and Use of Technology
(UTAUT) (Venkatesh et al. 2003), which have undergone
a large number of further developments and modifications
(e.g. Mlekus et al. 2020; Gursoy et al. 2019; Venkatesh
et al. 2016). Despite the existence of many empirical tech-
nology acceptance studies in various contexts, such as the
social context (Dwivedi and Williams 2008; Hossain et al.
2018), the organizational context (Martins et al. 2016) and
the private context of use (Kizgin et al. 2018), as well as
various research fields, e.g. intelligent healthcare systems
(Fan et al. 2020; Chen et al. 2017) or intelligent robots
(Liang and Lee 2017), little work has been done so far to
synthesize existing evidence (especially quantitatively) to
provide a comprehensive picture of relationships between
antecedent variables and AI acceptance (Sohn and Kwon
2020).

Based on the published literature, Kelly et al. (2023)
identified factors fitting with the most common theories
that influence the acceptance of AI, such as perceived
usefulness (see also perceived value (Huang et al. 2019),
perceived quality (Kim and Kim 2021), perceived ease of
use, effort expectancy, performance expectancy and atti-
tudes). These task-oriented interaction qualities are in line
with the ISO definition of usability, to which a distinction
is made between effectiveness (i.e., accuracy and com-
pleteness of goal achievement), efficiency (the resources
expanded in relation to effectiveness) and satisfaction (ISO
9241-210 2019). Beyond task-oriented interaction qualities
such as perceived usefulness and perceived ease of use,
hedonic aspects, such as identification, stimulation and
attractiveness, are increasingly being discussed as relevant
influencing factors for technology acceptance and intention
to use (Gursoy et al. 2019; Hornbæk and Hertzum 2017;
Hassenzahl 2003). For example, Mlekus et al. (2020) in-
tegrate stimulation and novelty in an extended version of
TAM, the so-called User Experience TAM. Hedonic as-
pects not only affect intention to use, but they also explain
significant variance in perceived usefulness and perceived
ease of use.

With respect to artificial intelligence, there is an increas-
ing effort to investigate the perceived use of algorithms in
the context of human-computer interaction. For a typical
user, algorithms are non-tangible and the underlying pro-
cess can be physically perceived only to a limited extent.
Shin et al. (2020) refer to this experience as Algorithmic Ex-
perience (AX) and they propose the Algorithm Acceptance
Model (AAM). Here, the central antecedent of perceived
trust (see also Fan et al. 2020; Gefen et al. 2003; Lee 2009)

is the system’s algorithmic credibility, which is composed
of three aspects: transparency, accountability and fairness.

Moreover, trust is strongly associated with data security.
Park and Jones-Jang (2023) highlight the importance of
prioritizing data security measures to enhance user trust and
confidence in AI systems. Furthermore, they found that AI
security concerns negatively impact perceived ease of use
and perceived usefulness, ultimately leading to decreased
AI acceptance. For the purpose of personnel planning, each
component plays an important role: Results should contain
no biases or discriminatory outcomes (fairness), algorithms
must produce solutions that are comprehensible for users
with clear recommendations for action (transparency) and
firms should be held accountable for the outcomes of their
algorithms (accountability).

Overall, the studies show the importance of psychologi-
cal factors related to the acceptance of AI across different
industries (Kelly et al. 2023). According to the value sen-
sitive design (VSA) approach of Friedman et al. (2006),
autonomy, human welfare, trust, privacy and informed con-
sent are 5 of 13 basic human values that are of ethical im-
portance in the design of computer software. Taking them
into account seems particularly relevant when processes be-
come increasingly less transparent and comprehensible for
typical users through the use of artificial intelligence and
machine learning.

In addition to these, numerous studies have investigated
other potential determinants of TAM and upstream an-
tecedents, such as the subjective norm, as a consequence
of the caregivers’ expectations and the individual need
to fulfill them (Eichner 2021; Venkatesh et al. 2003), the
perception of external control (Venkatesh and Bala 2008),
facilitating conditions (Kuberkar and Singhal 2020) and
support (Igbaria et al. 1997).

A crucial aspect of technological implementation that
needs to be considered is that the planning tool must fit
into the IT architecture of a company and, therefore, must
be linkable to traditional lead systems, such as MES or
ERP systems, in manufacturing companies with suitable IT
interfaces. Alternatively, the tool can be conceptualized as
a single solution (e.g. in a cloud application) with certain
input and output possibilities. Since the employees should
be able to change preferences from home to enhance time
autonomy when needed, mobile usage options (e.g. via an
app and a smartphone) should be implemented as well.

Figure 3 provides an overview of the criteria suggested
in this paper. It maps these criteria to the corresponding
pillars and sub-dimensions of the HTO framework. The
numbers correspond to the individual criteria explained in
this section for each HTO sub-dimension.
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Fig. 3 Developed HTO criteria
(the numbers correspond to the
number of individual criteria
developed for each HTO sub-
dimension)
Abb. 3 Entwickelte MTO-Kri-
terien (die Zahlen stellen die
Anzahl der jeweils entwickelten
Kriterien pro MTO Subdimensi-
on dar)

3 Literature review on personnel planning
approaches of artificial intelligence and
traditional optimization

This section investigates how current solutions for person-
nel planning consider the criteria across the dimensions
of human, organization and technology. A systematic re-
view approach was employed to achieve this. Two recent
and relevant literature reviews by Burgert et al. (2024) and
Özder et al. (2020) were selected as a foundation to assess
whether the criteria within the three dimensions have been
addressed. These specific reviews were chosen because they
conducted extensive literature reviews on personnel plan-
ning. The two reviews were complemented by an additional
targeted literature review to capture further research ap-
proaches that were not included in the two reviews due to
their focus. This approach ensured a comprehensive under-
standing of how current research integrates human, organi-
zational and technological considerations into algorithmic
and AI-based solutions for personnel planning. A summary
table is developed to outline how different criteria within
the three dimensions have been addressed in the identified

literature (cf. Table 1). This analysis is complemented by
a market review of currently available personnel planning
software. The section concludes by synthesizing the find-
ings from both the literature analysis and the market review.
This synthesis allows for the identification of research gaps
in the current state-of-the-art and reveals to which extent
AI is used in the existing solutions.

The literature review was conducted using the procedure
of Fink (2014) to answer research question 2. ScienceDi-
rect and IEEE Xplore were chosen as databases due to their
extensive coverage of peer-reviewed academic literature in
relevant fields of computer science, engineering and man-
agement. The literature review was conducted in two parts
to expand the literature pool and prevent a narrow and re-
strictive search.

In the first part, the initial keywords selection aimed
to capture the core elements in personnel planning us-
ing algorithmic solutions, artificial intelligence and ma-
chine learning (AI/ML). The terms “workforce,” “staff,”
“employee,” and “personnel” were employed to encompass
the human aspect. The Keywords “scheduling,” “problem,”
“assignment,” and “timetabling” targeted the specific tasks
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involved in personnel planning. Moreover, “optimization,”
“algorithm,” “model,” and “modeling” addressed the tech-
nique of solving the problem.

In the second part, since the focus of the study was to
identify the use of AI, the next set of keywords (“AI” OR
“Artificial intelligence” OR “Machine Learning” Or “ML”)
was used in a full-text search with the condition that the
keywords that address the human aspect and personnel plan-
ning were also included in the title of the articles.

The search, which was conducted in March 2024, re-
sulted in 135 articles, comprising both journal and confer-
ence papers. Following a practical screening process, a sub-
set of the initial literature pool was retained. This screening
process involved excluding articles published prior to 2014
and those with titles that demonstrably lacked relevance to
the research topic of personnel planning and non-English
papers. The final selection resulted in 90 papers for further
analysis.

After a methodological quality screen to identify re-
search directly relevant to personnel planning, with an em-
phasis on employee time autonomy, several categories of
papers were excluded: those not explicitly addressing per-
sonnel planning and scheduling; studies proposing algo-
rithms or methods tailored to specific use cases; research
primarily focused on the challenges of personnel planning
during the COVID-19 pandemic; papers with abstracts that
indicated a lack of emphasis on time autonomy for em-
ployees, exemplified by studies solely focused on weekend
nurse scheduling. 29 papers were selected and—with the
manual addition of 7 sources—a total of 36 sources were
chosen for the detailed review.

In addition to our own literature review, we drew on
Burgert et al.’s (2024) work. They dedicated their research
to reviewing and identifying different dimensions of work
design in personnel scheduling considerations based on
the shell model of human-centered work design of Mütze-
Niewöhner et al. (2022). The shell model is used as a ba-
sis to understand how workforce scheduling interacts with
work design. This framework primarily focuses on the hu-
man and organizational factors in personnel scheduling that
influence work design across individual, company and even
industry levels. One aspect reviewed is the human factor in
work design and time autonomy, categorized under worker
characteristics such as needs, readiness and concerns (Fara-
hani et al. 2022).

In total, the review shows that all aspects of the shell
model have been partially addressed. However, no approach
fully considers all areas of the model. Additionally, it is
stated that employees’ autonomy is not entirely addressed
in the literature. When discussing job satisfaction, Burgert
et al. (2024, p. 1581) point out a research gap exists be-
cause the approaches addressing this have the assumption
that satisfying employees’ preferences will result in higher

job satisfaction (cf. Akbari et al. 2013). They suggested
that quantifying the variables’ impact on job satisfaction
and relating them to model parameters is needed before in-
tegrating employees’ perceived job satisfaction and mental
and physical health into optimization models. They encour-
age the use of AI and machine learning algorithms to do
so.

The second review from Özder et al. (2020), which was
used as a foundation for this paper, focuses on parameters
and problems in personnel scheduling. Planning problems
introduce many constraints that can be differentiated into
hard and soft constraints that would increase the complex-
ity of the problem (Volland et al. 2017). Özder et al. (2020,
p. 2) explain that including “requests and demands of the
personnel”—what can be referred to as time autonomy—in
scheduling problems increases the complexity of the prob-
lem. Even though some companies have shown interest
in including employee preferences in scheduling, there is
no algorithm that can effectively address this requirement
(Özder et al. 2020, p. 19).

Özder et al. (2020, p. 19) further point out another
research gap in the literature that is specifically relevant
for manufacturing applications: The inclusion of a mas-
ter schedule in personnel scheduling that has not been
addressed yet. The Master Production Schedule (MPS)
acts as a bridge, translating broad production plans into
specific, detailed schedules. These schedules pinpoint the
exact production timelines for individual end items or mod-
els, allowing for the prioritization of critical items (Kiran
2019).

From the literature review, that was conducted for the
purpose of this paper, the following findings can be stated:

If Artificial Intelligence (AI) is used for planning pur-
poses, it is essential to determine how and to which level
it can make decisions. Shrestha et al. (2019) introduce
a framework for how human decision-making—combined
with AI-based decision-making—can be utilized as starting
point for creating a concept. Gabriel et al. (2022) discuss
AI’s potential to support humans and, in the case of per-
sonnel scheduling, planners. However, the main challenges
in using AI for scheduling are: gathering the required data,
expertise and complexity. Hence, their work presents a con-
cept of how AI can be used. Rischmeyer (2021) presents
a general idea of the possibility of using AI for automated
workforce planning and explains the challenges and the ad-
vantages of having an AI tool for planning. It further recog-
nizes real-time, user-friendliness and safety as the success
factors of an AI planner and explains how an implementa-
tion project should be managed.

Out of 37 articles, where AI was mentioned, only 11
included an own AI implementation. However, no ML ap-
proach could be identified in the review, that specifically
tackled the focus of this paper. Instead, it has been ap-
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plied to other problems. For example, Denkena et al. (2017)
used deep learning to determine the employee influence on
setup and processing time in a manufacturing setup. Mo
et al. (2020) used natural language processing techniques
in construction to prioritize the tasks and assign them to
the correct employee with the right skill. Due to the nature
of the use case, the action and timing of work should be
covered here. Patel et al. (2023) leveraged a Support Vector
Machines (SVM) classifier to categorize employee activi-
ties based on data collected in an office environment. This
classification is used to measure employee performance and
to manage workload and scheduling as input. Technology
acceptance and ease of use are further points that remain
unexplored in literature.

According to Grinter et al. (2023), the current com-
mercial solutions for workforce planning have gaps that
need to be addressed, such as compliance, data collection
and the need for transparency about automation. Further
investment is made in trying to improve the human fac-
tor’s consideration in the applications and to address the
gaps in skill management capabilities. To compare the state
of research with the state of commercial tools, an addi-
tional market research on available commercial personnel
scheduling tools was conducted in the InTime Research
Project (https://arbeitswelt.plus/leuchtturmprojekte/miele/).
In total, 18 software solutions were identified, which are
used in a wide range of fields, from production to logis-
tics, services and healthcare. Exemplary tools that covered
several criteria were Getaiplan, Quinyx, gfos., Workforce,
ShyftPlan and Q-Planner.

The evaluation of the tools is associated with a certain de-
gree of uncertainty. This is mainly due to the limited infor-
mation available, which is mainly on the providers’ respec-
tive websites. In particular, little information can be found
about the technical functionality of the tools. Only a few
other publications exist. For instance, the implementation
of Getaiplan, powered by artificial intelligence, significantly
minimized planning time and boosted productivity and effi-
ciency at Sägewerk Schwaiger enabling more accurate cus-
tomer and delivery scheduling (Bauer et al. 2019). The tool
from the company p.l.i. solutions uses live location data,
among other things, to deploy the nearest employee and
thus implement intelligent planning (Johannhörster et al.
2024). In total, none of the assessed tools fulfilled the range
of criteria entirely since they often focussed on particular
tasks of personnel planning, such as shift swapping in a mo-
bile app. Furthermore, the first approaches to using artificial
intelligence could only be found in a few of the available
tools.

The current research highlights the gap in the potential
of technological advancements and the actual use of AI-
powered solutions in personnel planning as evidenced by
the absence of any AI-based approaches. Furthermore, there

is a lack of comparative analysis of different techniques to
achieve scheduling objectives.

The literature review suggests that the shell model pro-
vides a valuable foundation for exploring how scheduling
decisions impact these dimensions. Table 1 summarizes the
key findings from the literature review. Within each sub-cat-
egory, the table highlights the most recent studies that met
the HTO criteria for relevance. Notably, any blank spaces in
the table indicate a lack of existing research that addressed
specific criteria within that sub-category.

To sum up, research gaps in the consideration of hu-
man factors, such as employee satisfaction and preferences
and the use of AI as a solution method, were identified
in the literature reviews. The inclusion of master schedul-
ing in personnel scheduling for manufacturing applications
and the effects of differentiating constraints into hard and
soft constraints on scheduling problem complexity also re-
quires further exploration. To address these gaps, a human-
centered approach to personnel planning and the use of
machine learning algorithms may be necessary to optimize
employee satisfaction and resource use.

Furthermore, in the context of production, an overarch-
ing scheme for intelligent personnel planning to enhance
time autonomy on the shopfloor is needed, since there are
different stages in which time autonomy can be realized for
the employees. Therefore, different time horizons (long-,
mid- and short-term) need to be considered in the process.

4 Development of an intelligent personnel
planning approach to enhance time
autonomy on the shopfloor

In this section, an overarching personnel planning approach
is developed to overcome the identified gap in the literature
review. The duration of fixed work schedules is initially es-
tablished by weighing the level of flexibility desired by both
employers (e.g. predictability for planning) and employees
(e.g. time autonomy).

The employer’s perspective is not one-sided though, as
recent economic factors imply extending the classic pro-
duction triangular of cost, time and quality by flexibility.
Flexibility is the ability of a system to adapt reversibly
to changing circumstances within the framework of a fun-
damentally preconceived scope of characteristics and their
specification (Wiendahl 2002). External market factors re-
quiring flexibility involve volatility, periodicity, material-
and personnel availability (Oertig and Zölch 2020; cf. also
Sects. 1 and 2).

It is important to recognize that employee motives for
autonomy are not about seeking infinite temporal flexibil-
ity, as this can also lead to additional stress. Instead, they
desire a work environment that offers plannability, safety
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and social status (Zölch et al. 2020) as well as a variety of
tasks, task significance and the opportunity to identify with
the tasks (Hackman and Oldham 1976; Humphrey et al.
2007).

Therefore, modern approaches to personnel planning and
scheduling need to address this inherent duality between
long-term planning stability for employers and employee
time autonomy. Existing practical tools for personnel plan-
ning and scientific optimization approaches do not entirely
consider this.

Although surveys show that shift models are among the
most undesirable work time models (Statista 2023), they
are common in production settings because they offer high
plannability for employers. According to the German work-
ers’ union IG Metall, every third member of the union
works in shifts (IG Metall 2017). Time autonomy ranks
as a significant factor in attracting employees (Gallup-In-
stitut 2022) and shift models restrict time autonomy for
employees.

Generally, a work time system is a bundle of rules for
controlling labor input regarding temporal distributions
and durations within a (sub-)period (Sager 2007; Hess
1988). When companies design and implement such shift
approaches, recognized flexibility dimensions are referred
to as chronometric and chronological dimensions. The
chronometric dimension corresponds to the daily, weekly
and total work duration within the period. The chronologi-
cal dimension corresponds to the temporal location of work
time, e.g. at a day or various days within a week as well as
the distribution of the total time within the planning period
(cf. Bauer 1999; Fergen et al. 2022; Schlick et al. 2018).

Determining the position of shift working time

„one time”

influencing

Employers

„repeating”

Democratisation
of the position

Employees

Defining the shift plan: Operational personnel scheduling

„repeating”

Influencing

Employees

Employers

„repeating”

Preference based planning
automatisation

Staus Quo: Long-term fixation of workers preferences Shift to: Medium-term fixation of workers preferences

Fig. 4 Shift in the planning dimension from long-term towards medium-term variability for employee preferences
Abb. 4 Verschiebung der Planungsdimension von der langfristigen zur mittelfristigen Variabilität der Beschäftigtenpräferenzen

For shift models, the duration and temporal location are
fixed. From an employee’s perspective, there is minimum
variability and autonomy, as shifts may be switched with
colleagues, or free shifts are defined within a planning pe-
riod. The rate of change is identified as medium-term. From
an employer’s perspective, the total operations time of the
production system, daily working time, working days, num-
ber of shifts per week, number of shifts per day as well as
shift regulation and shift organization are fixed long-term.

The following work time concept enhances flexibility
and time autonomy levels for both employers and employ-
ees. It acknowledges that complete employee autonomy
might be impractical, but it prioritizes increased freedom
and co-determination for workers while maintaining a nec-
essary level of predictability for planning.

This is achieved by raising the typical long-term fixation
to the level of medium-term fixation and including averaged
worker preferences, especially for the definition of the loca-
tion of daily work time based on a suggestion of Buckhorst
(2023; cf. Fig. 4).

This approach must be considered when developing
a suitable personnel planning pipeline. Furthermore, this
concept should address the criteria identified in the HTO
dimensions. The planning pipeline is presented in Fig. 5.
This two-step approach leverages optimization algorithms
to create production schedules that consider both employee
preferences for flexible working times and employer re-
quirements for efficient personnel planning. By incorporat-
ing employee qualifications, legal constraints and company
agreements, the system aims to create a balanced and
feasible production schedule that satisfies all stakeholders.
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Democratic Work Time
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Law & EU
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Work science & work ergonomic
recommendations

Shift Scheduling
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Recomm.
Planning
timeliness

1x Planning Period
(e.g. month)

1x after Step I
1x one week before
deployment of labor (stepsize
one week)

Continously available up to
one week before deployment
of labor (stepsize one week)

Resource utilization
Overtime minimization

Rotation & cross training

Employee autonomy

Direct
Input

Employer Preferences

Employee Preferences Sickness absence

Qualification
matrix

Resources & 
requirements

Supply & 
Demand

In
cr
ea

si
ng

up
da

te
ra
te
s

Increasing update rates

Employee autonomy Employee autonomy

Fig. 5 Concept of a democratic shift in a multi-level approach
Abb. 5 Konzept der demokratischen Schicht in einem Multi-Level-Ansatz

Based on employee voting regarding individual prefer-
ences, the work time location is decided on, e.g. for each
workday in the first planning period, and is fixed (step 1).
The assignment of operators to shifts is executed afterwards
(step 2). It is recommended that this be done based on the
same voting results. This time, this is not done by determin-
ing an average preference but by the individual preference
for the assignment. The approach is denoted as a “demo-
cratic shift.” Both steps will be executed by parameterizable
algorithms, either from operations research or artificial in-
telligence.

4.1 Step one: Democratic work time

In the following, step one is explained and the required
inputs for the planning pipeline are outlined, which are
depicted in Fig. 5.

Input: Legal requirements need to be taken into account
when planning work time. For example, in Germany:

� The working day of employees may not exceed eight
hours. However, it can be extended to up to ten hours
if an average of eight hours per working day is not ex-
ceeded within six calendar months or within 24 weeks
(ArbZG n.d. § 3).

� The rest breaks may be divided into periods of at least
15min each. Employees may not be employed for longer
than six consecutive hours without a rest break. Work
must be interrupted by predetermined rest breaks of at
least 30min if the total working time is between six and
nine hours and 45min if the total working time is more
than nine hours (cf. ArbZG n.d. § 4).

The work time regulations are not only set by law but
also driven by collective agreements, company agreements
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and individual employment contracts. The principle of fa-
vorability has to be respected from an employee’s point of
view (Schuhmann and Wagner 2022). Changes regarding
these input parameters must be allowed in an implemented
pipeline for a superuser.

Vacations and planned absences should also be consid-
ered, with individuals voting for a planning period. For em-
ployers, several factors can be adjusted within an optimiza-
tion model that connects to step 1. The following factors, as
identified by Hesseln and Zander (2005) and Schlick et al.
(2018), act as constraints for the model:

� Minimum and/or maximum of fixed system operation
time in the period or on a week level

� Minimum and/or maximum of daily target system opera-
tions time

� Minimum and/or maximum of workdays per week or
planning period

� Minimum and/or maximum of shifts per day
� Minimum and/or maximum of shift count per day/week
� Type of shift organization (overlapping, separate and

flush)

The voting itself is intended not to be too overcompli-
cated by involving too many preference levels. A primitive
but sufficient variant would be a 1—preferred time slot of
work on a given day and a 0—undesired time slot approach
(in analogy to the task assignment of Burgert et al. 2024).
Absences and illnesses are tracked by the system. In case
absences on a specific day for an individual are known, the
vote is associated with a weight of zero.

Each employee is asked to provide the preference voting
for every day and every time slot. The individual preference
in a set denoted by:
 m;ht 2 f0; 1g.
This preference allows for an averaging over all involved

employees regarding the work times, which is calculated
by:

 ht =

P

m2eMt

 m;ht

ˇ
ˇfMt

ˇ
ˇ

With

t 2 P Days in a planning period
ht 2 Ht Steps per day t(resolution)
m 2 M Set of Employees
fMt � M Subset of employees without holiday on a given

day t

The averaged preferences for an entire, possible shift τt
on a day t are calculated by:

��t =

P

ht2f�t ;:::;�t+d−1g
 ht

d

additionally with

d 2 N�10 The duration of the shift is given in the steps
and the size of the temporal steps per day

Based on �E;�t , the maximum preferred start time may
be selected if the planning period involves only one day
and one shift per day. When two shifts per day are desired,
a simple operations research model will suffice with a con-
straint indicating whether two shifts on a given day should
have an overlap (due to handover times), should be directly
connected to each other, or maybe allocated freely without
intersection. The chosen modelling of time works well for
one or two-shift organizations, though it requires a more
continuous approach for a three-shift production.

While the presented formulas provide the employee-
based voting perspective, employer preference voting may
be adjoined and executed simultaneously for practical rea-
sons. The calculus is similar. Assuming the averaged em-
ployer preference is denoted by �E;�t . In the optimization
model, the weight of the two perspectives (we for employ-
ees and wE for employers) can be set as a parameter in
an objective function. Of course, the employer preferences
should not equal 1; otherwise, the overall system will be
reduced to absurdity. Further, the weights are normalized
such that:

we + wE = 1.
A corresponding objective z for a maximization approach

with an integer decision variable x�t 2 f0; 1g is:

´ =
X

�t2Tt ;t2P
.we��t + wE�E;�t / x�t

Deciding on shift-locations for a planning period in this
way, other departments or trades considered as support ser-
vices in the value stream should be informed about the re-
sulting shift times for awareness and coordination with the
primary value-creating workstream. Since step 1 is modeled
as an extended knapp-sack model, its overall complexity is
limited and decision-making is objective and explainable.

Meaningful and empirical established rulesets may be
appended to this simple preference voting procedure:

� Minimum number of “1” votes per day
� Minimum number of connected “1” votes per day
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Fig. 6 Heatmap of exemplary modelling results of individual and average preferences
Abb. 6 Heatmap der beispielhaften Modellierungsergebnisse der individuellen und durchschnittlichen Präferenzen

� Minimum number of “1” votes per week (in accordance
with individual contract)

� Minimum number of “1” votes per planning period (in
accordance with individual contract)

Output: Fig. 6 shows the intended planning results of
step 1. The daily planned work time is the output based
on a time discretization modeling approach. The design
parameters include whether the succeeding shift requires
an overlap time for handover and, therefore, a connection
of the first and the second shift per day.

4.2 Step 2: Shift scheduling

The second step refines the initial production schedule (es-
tablished in step 1) by assigning specific employees to shifts
and stations. It has to be executed at least once right after the
first step. However, it might be repeated when new informa-
tion, e.g. work absences or sickness or priority to specific
stations or lines in the corresponding production environ-

ment, is changed. In the following, the required input and
the output of the second step will be outlined.

Input: To allow staffing in line with employee qualifi-
cation profiles, this information needs to be made avail-
able accordingly, e.g. by a qualification matrix (skills vs.
operators). Further previous input from step 1 is relevant,
especially rule sets from law, company agreements and in-
dividual labor agreements are to be respected when decid-
ing an individual employee schedule. Ultimately, they are
complex though as “if—then—else” clauses and therefore
can be formulated as mixed integer programming (MIP)
problem constraints.

Output: The result of the second step is the produc-
tion schedule, which is the assignment of operators to
the previously fixed shifts and the assignment to a station
or line within the production system under consideration
of their qualification levels. This involves two perspec-
tives: (1) Employee Perspective—details each employee’s
assigned shifts and working times in this period; (2) Em-
ployer Perspective—specifies which operator is assigned
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to each station or line, ensuring the production system is
staffed with qualified personnel to maintain productivity.

A meaningful goal for optimization is the minimization
of changes made to the previously provided plan, since
significant changes negatively affect motivation as well as
perceived usefulness. The update rate should not be too high
and not frustrate people with new but shortly afterwards
invalid information. The updates should be based on the
following factors:

� Limit the total number of allowed schedules before the
actual shift (e.g. directly after period planning, one week
before the corresponding shift, and a short update at the
shift itself to respect absences ultimately)

� Limit the allowed number and types of changes within
an update (e.g. do only consider preferences for the first
schedule, minimize changes and maximize preferences
of employees for the one-week-before schedule, and
lastly, only shift scheduled people to corresponding lines
or stations according to their qualification and the given
no-show rate at the day or shift respectively)

In addition to updates, a general shift-swap database
should be provided for the employees to enhance their au-
tonomy and allow for last-minute changes in their personal
plans. Obviously, qualification profiles and rulesets for shift
assignment are to be maintained constraints for shift swaps.
As Sect. 3 highlighted, ready-made solutions for such are
available in marketplaces. For the entire approach to func-
tion effectively, a seamless exchange of information be-
tween the shift-swap database and the step 2 model (re-
sponsible for updating schedules) is crucial. Hence, a ro-
bust data model is required, allowing for a streamlined in-
tegration. Here, the design of a shift planning ontology is
suggested to facilitate a standardized information exchange
(e.g. Vegetti and Henning 2022).

The following section discusses how the presented con-
cept can be implemented and which technical optimization
approaches for the models in steps one and step two could
be adapted from current approaches in the literature. Practi-
cal implications and future research questions are outlined.

5 Discussion, practical implications, and
outlook

The literature review showed that sufficient optimization
models are available that address both steps of the planning
pipeline in Sect. 5, especially the second step. However,
they usually follow a specific goal under consideration of
certain constraints from a practitioner’s perspective. There-
fore, the presented concept focused on the meta-level of
how to integrate additional time autonomy in highly dis-
tributed shift models in production with a necessary voting

procedure. The core concept is applicable to numerous per-
sonnel planning challenges across different industries. For
instance, in service sectors like healthcare or customer ser-
vice fixing time slots from an employer’s perspective can
ensure adequate staffing during peak hours. However, the
system could also offer employees autonomy in scheduling
their remaining work hours within the framework poten-
tially improving employee satisfaction and reducing absen-
teeism. This adaptability makes the approach valuable for
creating efficient and employee-centric personnel planning
across various organizational contexts.

The choice of optimization models for each planning step
ultimately needs to be considered individually for a com-
pany. The selection would have to be based on the plan-
ning steps according to available work time, company and
operating agreements. The challenge is to establish a stan-
dardized data-model to consolidate input and output infor-
mation. For solving the two steps, operations research ap-
proaches are generally preferred to AI and Machine Learn-
ing methods because of objectivity, planning result explain-
ability, transparency and fairness from an employee’s per-
spective. However, such model designs are tedious expert
work and time consuming, since they need to undergo de-
bugging and integration phases. In addition to the expert
knowledge required to develop such one model, they are
tailored to a unique use case. Therefore, with external and
significant changes in law or in trade unions’ negotiated set
of rules, previous optimization models need to be adopted,
which means that it could change the objective function
and impose new constraints on the elaborately developed
model. However, there is a risk that the problem might not
be transferable or even solvable altogether when incorpo-
rating additional constraints and new objectives.

Despite the limitations discussed regarding explainabil-
ity and employee acceptance, machine learning methods
remain a potential avenue for solving personnel planning
problems altogether. However, the accuracy and consis-
tency of ML solutions compared to established Operations
Research (OR) methods for the same problem have not
been extensively investigated. A promising area for fu-
ture research would be to implement and compare various
ML techniques in solving a generalized personnel planning
model. This research could evaluate the accuracy and fair-
ness of these ML solutions against established OR methods.

This paper proposes incorporating Machine Learning
techniques into the existing Operations Research frame-
work for personnel planning to develop sub-symbolic hy-
brid models. Generative AI can be used to automate or
accelerate the process of building OR models for specific
personnel planning scenarios. Further suitable artifacts to
be developed and based on artificial intelligence are:
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� Neural Networks suggesting a pre-filled voting for the
employees based on the learned preferences of the in-
dividuals to speed up the procedure and potentially im-
prove voting accuracy.

� Neural Network suggesting meaningful weights of the
employee and employer voting results based on external
market circumstances. This could be a way to factor in
external factors like labor market trends or skill short-
ages. However, careful consideration is needed to ensure
fairness and transparency in the weighting process.

� AI for analyzing the generated schedules and verifying
their adherence to the current or even simulated new rule-
sets. This allows for a proactive assessment of the impact
of rule changes before implementation.

The growing interest in AI-powered scheduling solu-
tions motivates further research on integrating them with
established optimization models. While the proposed model
leverages mixed integer programming for its meta-level na-
ture, future research should explore linking this model with
AI for scheduling. It is essential to acknowledge that the
successful development of ML/AI methods in this area de-
pends on having specific use cases and relevant data which
were not available at this conceptual stage. However, sev-
eral aspects of the concept can already be assessed and
discussed with respect to the above-established evaluation
criteria. All in all, the concept covers multiple criteria in
the HTO dimensions and therefore offers the potential to
enhance time autonomy on the shopfloor with a human-
centric personnel planning approach:

Regarding the human-oriented criteria, the complete
task, rotation and task variability are fundamental compo-
nents of the concept. The same applies for the consideration
of individual skills and task qualification following a qual-
ification matrix scheme. For time autonomy, an employee-
focused preference voting is the central element of the ap-
proach, including a potential extension for the integration
of an employer perspective. Time autonomy has a commu-
nity and individual dimension as well as long- and short-
term timelines. According to the self-determination theory
(Ryan and Vansteenkiste 2023), people have a need for
autonomy—but the extent of this need varies from person
to person. Employees should therefore be able to influence
the system as to how much autonomy they want. This is
possible, as the voting procedure accounts for the individ-
ual time autonomy preferences. However, preferences with
respect to the team composition have not been considered
yet. Studies have shown that the desired flexibility through
intelligent systems in the area of personnel planning can
lead, in particular, to changes in the composition of teams,
which can have an impact on the psychological well-being
of employees (Cummings 1978; Hagemann et al. 2023).
This aspect should be considered in future studies.

For the organization-oriented criteria, no superordinate
interface to the production program was focused on due to
the resources and skill-based personal planning. This im-
plies that the research gap pointed out by Özder et al. (2020,
p. 19), the inclusion of the master schedule in personnel
scheduling, is still valid and needs to be considered in fu-
ture research. A production-oriented long- and short-term
stability is ensured through the weighted sum with the pref-
erences of the employers next to the employees’ preferences
in the model. For the overall principle, the classic shift is
extended by time democratization. Individual time accounts
and holiday planning are part of all scheduling models in
the pipeline as well as short-term, skill-based changes for
short-term absences and illnesses. General time constraints
of working times and shift models are also considered. As
the qualification matrix is already used to ensure that the
persons with the right qualifications are assigned to spe-
cific tasks, the concept can be further developed to account
for the criteria of production ergonomics. A matrix with
the ergonomic assessment of all workstations can be con-
sidered within task assignments to ensure that production
ergonomic requirements are met. However, the interconnec-
tion between task assignment and ergonomic assessment is
not trivial when considering task rotations and alternating
ergonomic scores. Future research should focus on integrat-
ing time and ergonomic assessments—e.g. with the process
language Human Work Design (MTM-HWD®) (see Faber
et al. 2019)—into personnel scheduling algorithms in or-
der to not only assign qualified employees to tasks but also
assigning ergonomically acceptable tasks sequences to the
employees. The scores should be evaluated for the whole
task sequence of an assigned shift and not only for single
workstations.

Finally, the participatory approach could not yet be ap-
plied because, at this stage, a concept was presented. This
also applies to most of the technology-oriented criteria.
Without an implementation in practice, a meaningful eval-
uation with respect to all criteria is not possible. However,
the criteria give valuable guidelines for future research and
applications in industrial practice.

If a participatory approach is applied, the output-related
criteria (perceived usefulness, completeness, accuracy) can
be evaluated at early stages. Early improvement iterations
may lead to better acceptance of the solution through the
employees. Also, a participatory approach helps to build
trust in the assigned criteria. Of course, a careful technical
implementation must ensure that aspects of data security,
transparency etc. are implemented—but acceptance will be
mainly reached, if the underlying principles are explained
and discussed with the employees during a participatory
pilot phase.

Furthermore, the introduction phase and underlying
change management will significantly impact how the
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criteria of subjective norm, external control and external
support will be perceived. Finally, the concept considers
the technical integration aspect of mobile modes of opera-
tions. Suitable IT interfaces and options as single technical
solutions depend on the situation and requirements of the
companies where such a concept would be implemented.

In the context of Mockenhaupt’s AI development stages,
the solution approach presented in this article can be as-
signed to stage 1 or 2 (see Mockenhaupt 2021). In order
to take into account the numerous other factors influencing
workforce scheduling, which have been published as part
of a target concept in the InTime project, higher AI devel-
opment levels promise significant benefits, e.g. to evaluate
historical data using machine learning methods (cf. Gabriel
et al. 2023). In the context of the target concept published
as part of the InTime project, the approach presented in this
paper can be seen as a central building block for meeting the
requirements for taking employee preferences and flexible
working hours into account. The process model for AI-sup-
ported decision-making, according to Bentler et al. (2023a)
can help to translate the criteria identified in Sect. 3 into
requirements for an intelligent workforce scheduling tool.

In total, the implementation and introduction of such in-
telligent personnel planning tools into manufacturing com-
panies should be part of the digital transformation journey
on the shopfloor: The transformation includes changes in
mindset, work practices, and information systems (cf. Nolte
et al. 2020)—which relate to the overall HTO dimensions.
To overcome the outlined research gaps, multi- and trans-
disciplinary research initiatives need to be set up to cover
the multifaceted criteria in a holistic implementation ap-
proach.
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