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A roadmap for integrating fairness in personnel planning and schedul-
ing in hospitals

Gerriet Fuchs, Katja Schimmelpfeng, Jens O. Brunner

• Review of 97 personnel planning and scheduling papers in hospitals
with a focus on operations research/management science.

• A discussion of the different fairness concepts applied.

• Organization of the literature by fairness metric and fairness measure-
ment applied.

• Identification of promising research directions.
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Abstract

The healthcare sector, and hospitals in particular, are confronted with an
increasing challenge of staff shortages. To effectively address this issue, hos-
pitals must enhance their workforce planning and scheduling processes in a
manner that ensures fairness for employees. The application of operations
research/management science methods offers significant promise for the inte-
gration of fairness into these processes. To assist researchers and practition-
ers in capitalizing on this potential, we present a comprehensive review of the
extant literature. This review examines the current trends in the integration
of fairness into workforce planning and scheduling in hospitals. It analyses 97
papers, providing insightful metadata and categorising the literature based
on three key questions: what constitutes fairness, what metrics are crucial
for assessing fairness, and how fairness can be quantitatively measured. By
structuring our review around these questions, we identify gaps in existing
research and suggest potential avenues for future research.

Keywords: OR in health services, personnel scheduling, personnel
planning, fairness

1. Introduction

The healthcare sector represents a significant cost factor, with hospitals
being the most prominent cost drivers (OECD, 2019; WHO, 2023). Within
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(Gross et al., 2018; Guo and Bard, 2022; Mansini and Zanotti, 2020). This
is primarily due to their extensive specialization and the ongoing scarcity
of qualified professionals (Gross et al., 2019). However, widespread dissatis-
faction among highly skilled individuals often results in them leaving their
employers and ultimately the healthcare sector prematurely (Goodare, 2017;
CHAN et al., 2013). One significant source of this discontent stems from
the burden of excessive and uneven workloads (Bruni and Detti, 2014; Kling
et al., 2024). These imbalanced workloads are frequently a consequence of
manual planning, where human planners face insurmountable challenges in
resolving the issues of personnel planning satisfactorily (Schoenfelder and
Pfefferlen, 2018). The application of Operations Research (OR) provides a
promising pathway to tackle those intricate challenges associated with work-
force planning in hospital settings (Kagerbauer et al., 2023; Seizinger and
Brunner, 2023). OR methods not only enhance the efficiency of the plan-
ning process (Brunner et al., 2009; Brunner and Kolisch, 2010) but also offer
an opportunity to integrate fairness into this critical aspect of healthcare
management (Stolletz and Brunner, 2012). The inclusion of fairness consid-
erations in planning serves to mitigate employee dissatisfaction (Baum et al.,
2014). This is particularly relevant in countries where hospitals are unable
to provide financial incentives to nurses (Seizinger and Brunner, 2023).
In this paper, we present a review of the current literature on integrating
fairness into personnel planning and scheduling within hospitals. This study
focuses on hospitals for two primary reasons: their pivotal role in the health-
care sector and the context-specific nature of fairness. By concentrating on
this setting, we aim to provide a focused and valuable resource for researchers
in the field. The extensive and expanding body of literature reviewed further
supports the need for this targeted approach1.
For readers seeking a more comprehensive and general overview of person-
nel planning and scheduling literature, we refer to (De Bruecker et al., 2015;
Ernst et al., 2004a,b; Van den Bergh et al., 2013). For insights into the nurse
scheduling problem within hospital settings, see (Cheang et al., 2003). Er-
hard et al. (2018) provide a well-structured overview of physician scheduling
problems in hospitals. Our review narrows this focus further by concentrat-
ing on papers that integrate fairness into the personnel scheduling and plan-
ning process in hospitals. For a more general overview of how fairness is in-

1For a detailed meta-analysis of the papers included in this review, please refer to
Appendix A.
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by Wolbeck (2019) and Xinying Chen and Hooker (2023), which discuss the
implementation of fairness in mathematical decision models. In contrast
to these general overviews, our goal is to present a structured overview of
current practices and trends in the literature concerning the integration of
fairness into hospital personnel scheduling. We will discuss various aspects
that are important to integration of fairness into the personnel planning and
scheduling process in hospitals. Using these aspects, we will organize the
existing literature, rather than focusing on the technical details of imple-
mentation.
The primary objective of this literature review is to provide a comprehen-
sive overview of how fairness is incorporated into personnel planning and
scheduling within hospitals, as reported in the current literature. To do
so we have focused on physician, residents and nurses in our initial struc-
tured search while expanding to other professions in the hospital through
our extensive forward and backward searches. We intended for this review to
serve as a roadmap for researchers, highlighting what has been accomplished
and identifying areas for further investigation. We provide a comprehensive
overview of the current literature, identifying 97 relevant papers according
to our search criteria. Our review addresses three fundamental questions:
what constitutes fairness, what metrics assess fairness, and how to measure
fairness effectively. To illustrate how the literature addresses these ques-
tions, we will discuss the fairness concepts applied, the metrics used, and
the measurement methods. Within these topics, we organize the literature
by introducing distinct classifications, offering researchers a framework to
contextualize their work and foster innovative ideas.
We have structured our work into the following sections: In the next section,
we will expound on the criteria we have established for selecting pertinent lit-
erature and elucidate our methodology for identifying relevant publications.
In Section 3, we will discuss how fairness is integrated into the personnel
planning and scheduling process within the current literature. We will in-
troduce classifications for the various aspects of fairness considered. This
approach provides a comprehensive overview and assists future researchers
in positioning their work within the scientific landscape. In Section 4, we will
discuss our findings and offer potential avenues for future research. Finally,
in Section 5, we will conclude with a summary of the most important results
of our work.
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Our goal is to provide a comprehensive overview of how fairness is currently
integrated into the personnel planning and scheduling processes in hospitals.
At the same time, we aim to provide a useful guide for researchers wishing
to incorporate fairness into their research. To achieve these objectives, we
have developed a list of criteria for identifying relevant literature:

1. Published between 2013 and 2024.
2. Written in English.
3. Published in a peer-reviewed journal.
4. Problem setting within a hospital.
5. Comprehensive description of personnel planning or scheduling with focus

on OR-Methods or Management Science.
6. Fairness is an integral component of the paper.

In the following, we will discuss these criteria to clarify their application and
usefulness. We have limited the publication dates of the articles considered
to ensure that we identify current trends. For consistency and accessibility,
we included the criterion that papers must be written in English. To en-
sure the publication’s quality, we limit inclusion to those records published
within peer-reviewed journals. However, if we perceived a contribution as
scientifically inadequate and not providing novel insights for our review, we
excluded it. Based on this criterion, only six papers were excluded, which
did not meaningfully change the body of literature identified. To ensure
the discussed concepts are applicable in hospitals, we have focused on prob-
lems within hospital settings. Moreover, the comprehensive description of
the personnel planning and scheduling process is a prerequisite for inclu-
sion. This means the paper must convey how the specific personnel planning
and scheduling process can be implemented. However, demonstrating its
practical application in a real-world scenario is not required for the paper
to be included in our review. Finally, papers are included only if the au-
thors comprehensibly detail how they consider fairness and how their process
contributes to fairness in the results of their approach. Applying the final
criterion presents unique challenges due to the context-dependent nature of
fairness, which can vary widely across studies. To avoid imposing a singu-
lar definition of fairness while ensuring that it is considered, we included
only those papers that explicitly discuss fairness. This method allows us to
showcase a diverse range of relevant approaches. By leveraging the authors’
expertise, we gain insights into how their approaches effectively achieve fair
personnel planning and scheduling within their specific contexts.

4
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in our review: Recognizing the diverse range of problem settings in hospi-
tal personnel planning and scheduling where fairness can be considered, we
acknowledged the absence of standardized terminology. Therefore, we inten-
tionally formulated search terms to encompass a wide spectrum of literature.
These terms were systematically grouped into three categories: descriptors
for primary employees in hospitals (physician*, nurse*, resident*), terms
related to planning (schedul*, roster*), and terms associated with fairness
(fair*, equit*, equal*, balanc*). A comprehensive overview of the terms is
provided in Table 1. Instead of incorporating the term “hospital” or its syn-
onyms in our search, we chose to focus on the primary professions working
within hospitals. This decision was based on the lack of a single terminology
to describe hospital settings. Additionally, not all papers studying hospital-
related problems explicitly refer to the hospital; some refer to specific areas
like the ward, the Emergency Department, or other departments relevant to
their problem setting. By implementing a thorough forward and backward
search, we ensure the comprehensive identification of relevant literature con-
sidering other professions in the hospital.
We created 24 search strings, encompassing all possible combinations, each
including one term from each category linked with the “and” operator. Imple-
menting all these strings in searches on Scopus, ScienceDirect and EBSCO,
we identified 1,746 papers containing all the terms of at least one of the 24
strings in the abstract, title, or keywords.

profession planning fairness

physician* schedul* fair*
nurse* roster* equit*

resident* equal*
balanc*

Table 1: Search terms

In the subsequent refinement phase, we excluded papers based on their titles
and language, dismissing those not written in English. This was done when
it was evident from the title that the paper was unrelated to the problem
setting under study. This criterion led to the exclusion of 1,551 papers, a
significant portion of which pertained to energy distribution problems, a con-
sequence of incorporating the term “resident” in our search. For the remain-
ing 195 papers, we consulted the abstracts and, if necessary, the conclusions

5



Journal Pre-proof
Jo
ur

na
l P

re
-p

ro
ofto pinpoint the relevant contributions. Throughout this phase, papers that

did not address personnel planning and scheduling within a hospital were
excluded. Applying these refined criteria resulted in the identification of
98 papers deemed potentially relevant. Each of these identified papers was
read thoroughly and comprehensively. During this stage, we applied the ad-
ditional criterion that fairness must be explicitly and adequately discussed.
As a result, we excluded a further 48 papers. Conducting a thorough forward
and backward search based on the 50 papers that remained after the initial
screening, we identified an additional 47 papers to include in our review.
To summarize the entire process, starting with 1,746 papers, we ultimately
identified 97 papers to be included in our comprehensive review. A visual
representation of this process can be found in Figure 1, and Table A.2 pro-
vide an overview of the included papers.
By employing the previously described approach, we have cast a wide net
to ensure a comprehensive overview of the current literature. Notably, we
avoided the need to define fairness ourselves. This is particularly sensible
given the diversity of personnel planning and scheduling problems found in
the literature. As discussed earlier, we believe that authors are best posi-
tioned to judge whether they intended to introduce fairness into the person-
nel planning and scheduling process.

6
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Initial literature sample (n=1,746)

Records after screening title (n=195)

Records after screening abstract (n=98)

Records after screening full text (n=50)

Final records included (n=97)

Excluding records (n=1,551)

Excluding records (n=97)

Excluding records (n=48)

Including records (n=47)

Figure 1: Process of the literature review
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3.1. Concepts of fairness: What constitutes Fairness?
In this section, we show how the literature answers the question: What
constitutes fairness? We introduce and discuss the different interpretations
of fairness applied by various authors in the context of personnel planning
and scheduling in hospitals. We identified three overarching fairness concepts
applied to classify the different approaches:

• The concept of Equal fairness (EquaF) refers to the principle of
treating everyone equally. This concept is based on the assumption
that there are no distinguishing factors among employees that would
warrant different treatment. Consequently, fairness involves treating
each employee anonymously and ensuring a uniform outcome in the
planning and scheduling process.

• The concept of equitable fairness (EquiF) involves treating individ-
uals based on their unique characteristics e.g., experience levels. There
is no single correct method to achieve this. This concept acknowledges
that employees have distinct traits and posits that fairness requires per-
sonnel planning and scheduling to be tailored to accommodate these
differences.

• Building upon the two earlier principles, the concept of harmonious
fairness (HarF) entails identifying distinct groups of comparable em-
ployees. Equitable treatment is applied between these groups, while
equal treatment is maintained within each group. Unlike the equi-
table concept, HarF allows for the identification of various groups and
criteria for their assignment without prior knowledge of individual em-
ployees.

We have derived these concepts through the analysis of approaches described
in the literature. Our analysis focuses on how these concepts are applied
to categorize employees. Notably, the concepts of equality and equity are
prevalent in the broader fairness literature. For further reading, we direct
interested readers to (Jain et al., 1984; Rawls, 1971; Sen, 1997). These con-
cepts differ fundamentally in how they categorize employees. To illustrate
this, we applied the different concepts to the same six employees, depicted
in Figure 2. The EquaF approach is applied first, categorizing all employ-
ees uniformly, as shown in the first box. In contrast, the EquiF approach
categorizes employees based on individual characteristics. In our example,

8
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are wearing, as illustrated in the second box. In a hospital setting, an ex-
ample of the EquiF approach might be using individual preferences as the
basis for fair planning and scheduling processes. Lastly, the HarF approach
categorizes employees based on an external characteristic. In our example,
employees are grouped by the type of hat they are wearing, as shown in
the third box. In a hospital context, an example of the HarF approach is
grouping employees by seniority. These diverse categorizations allow for dif-
ferent interpretations of fairness, which we will explore in greater detail in
the following section. The number of papers applying each concept is given
in Figure 3. For an in-depth overview of which papers apply each approach,
please refer to Table B.3. In the following paragraphs, we will discuss these
concepts in more detail.
The first concept, EquaF, involves treating employees anonymously, with-
out applying differentiation criteria to the employees under consideration,
with an emphasis on treating each employee equally. Smet (2023) serves
as a unique yet descriptive example, as he does not consider individual em-
ployees but instead assumes that fair treatment of each employee can be
achieved by creating schedules of equal quality across different wards. This
concept intuitively aligns with the principle of fairness, as it equates treating
employees fairly with treating them equally. To illustrate this, consider the
example of assigning 18 upcoming night shifts to the six physicians depicted
in Figure 2. Applying the equal treatment idea means we do not differenti-
ate between them, thereby arriving at the only fair solution: assigning each
physician three shifts.
However, equating fairness with equal treatment relies on the critical assump-
tion that all employees are equal and should therefore be treated equally. In
a diverse hospital workforce, this assumption may not hold true. Consider-

EquaF

EquiF

HarF

Figure 2: Fairness concepts

0 10 20 30 40 50

HarF

EquiF
EquaF

20

34

45

Figure 3: Number of papers by Fairness
concept applied
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2018; Zanda et al., 2018) may be pertinent in personnel planning and schedul-
ing. For example, some scholars argue that pregnant women or employees
with children should be treated differently from young employees without
family commitments (Cildoz et al., 2021; Zanda et al., 2018). These exam-
ples illustrate that treating employees equally does not necessarily equate
to treating them fairly. Consequently, other concepts are required to en-
sure fair treatment of employees. One such concept is EquiF, which posits
that each employee is unique and should be treated according to their indi-
vidual characteristics. Within EquiF, employees are differentiated based on
these characteristics, with the planner determining which ones are relevant
in a given context. Fairness is achieved by setting rules that consider these
characteristics within the context of the planning problem. For the example
of assigning night shifts, individual preferences might serve as the relevant
individual characteristics. Subsequently, a variety of assignments could be
deemed fair based on these preferences and the established rules. This ex-
ample illustrates that EquiF does not offer a single, definitive solution for
what is fair. Instead, it provides flexibility, allowing planners to account for
individual differences to enhance planning and scheduling outcomes while
considering fairness. However, this flexibility poses a significant interpretive
challenge for planners. Reconciling individual characteristics into a notion
of fairness that is accepted by all or most employees can be challenging,
if not impossible. Thus, applying this concept demands careful definition
and clear communication of how fairness is integrated into the planning and
scheduling process.
The HarF combines elements of the equitable and equal concepts. It in-
volves identifying groups of employees with similar characteristics. Within
these groups, the goal is to treat employees equally, while between groups,
equitable treatment is sought. Such groupings are often identified based on
employees’ qualifications or seniority, although a wider variety of groupings
is feasible (Malekian et al., 2023; Smalley and Keskinocak, 2016; Thongsanit
et al., 2016). The advantage of this approach is that it allows employees
within the same group to have a reference for assessing their treatment,
while still offering some flexibility in the treatment of employees within dif-
ferent groups. Deciding on how to cluster employees is context-dependent,
and involving employees in this process can improve their perception of the
fairness of the personnel planning system. Continuing the previous example,
we could use seniority as the basis for grouping. By categorizing the physi-
cians into senior, junior, and resident groups, and assigning zero shifts to
each senior physician, four shifts to each junior physician, and five shifts to

10
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of night shifts between these groups results from applying the concept of
equitable fairness. Utilizing the flexibility of this concept, the comparative
treatment of the groups might vary significantly depending on the context of
the planning problem. Additional grouping characteristics could be applied
if necessary to further refine fairness.
The HarF concept is not an independent concept, but builds on the two previ-
ously discussed concepts. This is particularly evident when all employees are
treated as a single group or each employee is viewed as an individual group.
In these cases, the HarF concept is equivalent in function with the other con-
cepts discussed. Nevertheless, the HarF concept is valuable for classifying
literature, especially for understanding how planners perceive and prioritize
fairness. It provides insight into whether planners are guided by the notion
that all employees are the same, that everyone is different, or that there are
groups of similar employees. This understanding helps reveal the underly-
ing principles that drive fairness considerations in workforce planning and
scheduling.
All these concepts of what constitutes fairness have their advantages and
disadvantages. Bowers et al. (2016) demonstrate that different people pre-
fer different concepts. They introduce both an equitable approach on an
individual level and an equal approach, then allow employees to choose the
approach they would like to be used for them. Among nine employees, six
opt for the anonymous approach while three choose an individualized ap-
proach, thereby showing that no single approach is perceived as superior by
all employees. Implementing a comprehensive feedback mechanism to assess
employee perceptions of different fairness concepts could yield valuable in-
sights into the contexts in which various approaches are most appropriately
applied Mystakidis et al. (2024). Moreover, the choice of concept does not
only rely on employee preferences but may also depend on the problem set-
ting, as evident in the work of Smalley and Keskinocak (2016). They address
both a resident rotation problem and a resident scheduling problem. In the
long-term resident rotation problem, employees are differentiated according
to their seniority, focusing on balancing the experience gained and ensuring
fairness within groups. In contrast, for the short-term resident scheduling
problem, they focus on first-year residents and assume that there are no dif-
ferentiating criteria worth considering, thus treating employees equally.
In summary, when the workforce is homogeneous, applying EquaF ensures
that all employees are treated uniformly. If there are distinct groups within
the workforce, HarF can address the needs and characteristics of these groups
in a balanced manner. In cases where the workforce is highly heterogeneous,

11
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The choice of the fairness concept lies within the planner’s discretion.

3.2. Fairness metrics: What to measure?
Upon selecting one of the previously outlined fairness concepts, research-
ers need to establish a procedure for quantifying the effectiveness of their
personnel planning and scheduling approach in accordance with the chosen
concept. A crucial step in this process involves addressing the question:
What to measure? The answer to this question is referred to as metric
(Mij). We identified two key aspects to consider when selecting a metric:
the degree of employee involvement and the dimension being measured. To
provide readers with insights into potential metrics, we will introduce two
classification schemes that offer valuable guidelines for establishing a metric,
forming the foundational basis for quantifying fairness.
The first classification categorizes articles based on the degree of involvement
required from employees for the metrics:

• Individual metrics are the outcome of input provided by individual
employees.

• Anonymous metrics are observable by a third party without requir-
ing input from the employee.

The number of papers in each individual category is illustrated in Figure 4.
For an in-depth overview of which degree of involvement is considered in
each paper, please refer to Table B.3. In the following paragraphs, we will
discuss these categories in more detail.
This classification parallels the previously discussed concepts of fairness but
is not necessarily synonymous. Importantly, even when employing anony-
mous metrics, it is still possible to apply HarF or EquiF. This is accomplished
by utilizing externally observable characteristics, such as age, qualification,
or maternity status, to differentiate between employees. However, applying
an EquaF using individual metrics is not feasible because employee distinc-
tions are inherently integrated into the metrics used. The choice between
employing anonymous or individual metrics hinges on the particular problem
under consideration. Anonymous metrics are easy to apply and are typically
straightforward for third parties to assess. Nevertheless, they may only cap-
ture individual differences to a limited extent. For example, in the pursuit of
harmonious fairness, authors may consider the seniority level of the employee
(Smalley and Keskinocak, 2016). While this approach allows for differenti-
ation based on seniority, it lacks the capacity to accommodate individual
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the average employee of the same seniority. In such cases, considering indi-
vidual metrics may enhance the perception of fairness among employees.
In contrast, individual metrics provide an opportunity to consider the per-
sonal desires and needs of each employee, actively leveraging the differences
among employees. While involving employees in this process is generally
viewed positively (Chow et al., 2015), it does require additional investment.
Because these metrics cannot be observed directly, employees must provide
input, which is time-consuming. Additionally, employees may be incentivized
to misrepresent their characteristics for personal gain. Designing a system
to mitigate this risk requires even further investment. Within the literature,
some researchers actively attempt to prevent collusion or dishonesty within
a system. For instance, coordinating shift preferences is prohibited in (Chow
et al., 2015). Another strategy to prevent dishonesty is by restricting how
employees can provide input (Chiang et al., 2019). However, there is no
comprehensive study on the susceptibility of these systems to cheating or
how effective these measures are. Consequently, it is difficult to evaluate
how vulnerable individual metrics are to lying and collusion. Ultimately,
the choice between anonymous and individual metrics should depend on the
specific problem at hand. A discussion with employees can contribute to
making an appropriate decision.
The second classification aids in distinguishing the metrics based on their
dimension. We identified four dimensions commonly considered within the
literature:

• Metrics quantifying the personnel dimension gauge the utility or
satisfaction of individual employees, with many of them relying on
input directly from the employees.

• The financial dimension category includes metrics that evaluate
the financial consequences for employees stemming from the person-
nel planning and scheduling process.

• The working time dimension encompasses metrics that quantify
employees’ working hours. Within this metric, working hours may be
weighted to account for their desirability.

• Metrics pertaining to the quality dimension quantify the quality
of outcomes derived from the planning process, taking into account
factors like shift arrangements, the quantity and severity of assigned
patients, and the frequency of weekend work. Unlike metrics in the
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Figure 5: Number of papers by dimen-
sion

personnel dimension, quality dimension metrics are typically exter-
nally observable and not concerned with employees’ perceptions. This
category also functions as a repository for metrics not encompassed in
prior categories.

The dimensions have been selected in order to effectively map the key objec-
tives in personnel planning and scheduling problems within hospitals. The
personnel dimension ensures that planning focuses on the perception of em-
ployees. The financial dimension is crucial for hospitals and is frequently
considered in various problem settings. Working time is a significant factor
due to regulatory requirements and its direct impact on employees. Finally,
the quality dimension assesses the ergonomics of work schedules. Integrat-
ing these dimensions while addressing fairness in the planning and scheduling
process is both practical and essential. The frequency of papers applying the
different dimensions is illustrated in Figure 5. For a comprehensive overview
of the dimensions used in each paper, please refer to Table B.3. In the
following section, we will discuss these dimensions in more detail.
Metrics using the personnel dimension are designed to quantify employee sat-
isfaction or utility, typically relying on individual employee input to calculate
a personalized score (Chow et al., 2015; Gross et al., 2019; Rerkjirattikal
et al., 2020). Given their individualized nature, reliant on subjective em-
ployee input, these metrics often pose challenges in objective measurement.
Moreover, comparing these scores can be intricate due to variations in percep-
tions and the diverse ways employees express their preferences. In addition
to preferences, self-generated schedules are a less frequently discussed input
provided by employees (London et al., 2023; van der Veen et al., 2016). The
challenge with these schedules lies in determining how to arrive at a feasible
schedule fairly. Despite the challenges, the personnel dimension holds sig-
nificant potential for improving efficiency by capitalizing on the distinctions
in employee characteristics. Since metrics in this category typically rely on
individual employee inputs, there is a potential for self-interested actors to
manipulate the system. Therefore, the use of such metrics should always
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function.
Metrics capturing the financial dimension receive explicit attention in only
two of the articles. Leksakul and Phetsawat (2014) attempt to equitably
distribute paid overtime, while Baum et al. (2014) focuses on the fair alloca-
tion of compensation for honorary physicians. It is unclear why the financial
dimension is considered so little within the literature. One explanation is
that employees usually work on fixed salaries. Financial implications are
then often downstream consequences of working hours. Consequently, fairly
assigning working time might lead to fair payments. Therefore, financial
considerations should be incorporated to promote overall fairness when ap-
plicable.
Working time metrics, appearing in diverse forms, are widely employed in
the literature. These metrics involve various methodologies for quantifying
employees’ working time. Notably, some metrics incorporate weighting to
align with the differing burdens resulting from assigned working hours. For
instance, night shifts are commonly perceived as less attractive than other
shifts (Gross et al., 2018), and weekend working hours are generally consid-
ered less appealing (Camiat et al., 2021; Cappanera et al., 2022; Ito et al.,
2018). Recognizing and accounting for these distinctions by appropriately
weighing working hours is paramount for accurately assessing the fairness of
the assigned working time. In specific instances, focusing on a subset of total
working hours, while disregarding others by assigning them weights of zero,
may suffice to capture the planners’ idea of fairness (Chiang et al., 2019;
Fügener et al., 2015). Consequently, appropriately considering the attrac-
tiveness of working hours is paramount to achieving a fair result.
Within the final category, the quality of the planning and scheduling out-
come is measured. Since ultimately everything contributes to the perceived
quality, this category is designed to encompass all metrics with dimensions
that diverge from those in the preceding categories. Illustrative examples
within this category involve evaluating the prevalence of unfavorable shift
sequences (Camiat et al., 2021; Wang et al., 2014; Hong et al., 2019b), mon-
itoring the frequency of weekends worked (Cappanera et al., 2022; Devesse
et al., 2023), and quantifying the workload arising from patient assignments
(Adams et al., 2019; Sir et al., 2015; Jiang et al., 2023). Please note that
when discussing the frequency of weekends worked, we focus solely on the
number of weekends worked and not the actual time spent working on week-
ends. Therefore, papers measuring this dimension are included in the quality
category rather than the working time category.
A notable degree of variation in content and terminology is observed across
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problem. No metrics of a single category are inherently superior for ensur-
ing fairness in personnel planning and scheduling. This variability may ex-
plain why authors frequently employ metrics drawn from multiple categories
(Proano and Agarwal, 2018; Senbel, 2021; Wickert et al., 2021). The selection
of the number of metrics, the nature of employee input—whether anonymous
or individual—and the specific dimension of the metrics should be context-
dependent. Given employees’ individualized and multifaceted perceptions of
fairness, selecting appropriate metrics should involve a collaborative process
between planners and employees. This collaboration helps ensure that the
chosen metrics effectively reflect employees’ perceptions of fairness.

3.3. Fairness measures: How to measure fairness?
After deciding on the fairness concept to apply and selecting the appro-
priate metric, one crucial question remains: How to measure fairness? To
sufficiently address this question, we identified three key aspects to be con-
sidered: The timeframe in which fairness is to be ensured, the approach used
to ensure fairness, and the measurement applied to quantify fairness. We will
introduce three classification schemes for these aspects in this section.
Starting with the temporal aspect of measuring fairness, we have identified
two distinct approaches within the literature:

• If fairness is maintained within the planning period of the underlying
problem, the approaches are classified as within-period approach.

• Within the continuous approach, fairness is ensured over a time
frame that extends beyond the current planning period. This ap-
proach relies on information from previous or future planning periods
to achieve fairness.

Figure 6 provides an overview of the number of papers categorized by their
approach to the temporal aspect of fairness. For a detailed examination of
which approach is applied in which paper, please refer to Table B.3. The
prevailing approach in the literature typically focuses on achieving fairness
within the time frame of the planning problem. Finding a solution that is
perceived as fair by employees is often impossible. This is partly because
fairness is not the sole objective in most problems (Cildoz et al., 2021; Jiang
et al., 2023; Zanazzo et al., 2024). Moreover, these problems are often highly
constrained, making it challenging to identify feasible solutions (Bruni and
Detti, 2014; Schoenfelder and Pfefferlen, 2018). Consequently, ensuring fair
treatment for each employee may not always be possible within the time
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achievable over time by considering fairness beyond the planning problem’s
time horizon. Consequently we will in detail discuss the importance of con-
tinuous fairness and how this approach is implemented in the literature. The
effects of implementing continuous fairness considerations were studied by
Senbel (2021). Their study indicated that incorporating long-term fairness
measurements will significantly enhance fairness in the long run. Gross et al.
(2019) conducted a similar study, showing that a single-period approach to
ensuring fairness can disproportionately burden a single employee. The re-
sults of both papers highlight the importance of incorporating continuous
fairness considerations when fairness is a significant concern.
Considering the limited attention to continuous fairness in existing literature,
our objective is to provide an overview of how different studies address this
issue. Typically, these papers introduce a score that tracks the treatment of
employees across one or more previous planning periods, often reflecting how
well employee preferences were fulfilled. This score is then used to weigh the
employees’ preferences in the current planning period within the objective
function of the models (Lin et al., 2014; Gross et al., 2019; Huang et al.,
2016b,a; Lin et al., 2015a,b; Mystakidis et al., 2024; Pahlevanzadeh et al.,
2021; Senbel, 2021). If the score is calculated each planning period anew it is
not possible to track fairness over more then two periods (Mystakidis et al.,
2024). Therefore updating the score using the last score aswell helps track
fairness continously.
Wolbeck et al. (2020) additionally normalize this score to ensure its compara-
bility with other parts of the objective function. By applying this approach,
the preferences of previously disadvantaged employees are more likely to be
considered in the current planning period. The scores are typically updated
after the completion of planning to be taken into account in the subsequent
planning period. Various mechanisms are employed for score updates, all
aiming to adjust the score based on the treatment of employees in the pre-
vious planning periods. Notably, Gross et al. (2019) stands out as the only
paper specifically addressing the timing of the updating of the weights. They
compare updating the weights after each planning period versus updating
it directly within the planning period. Their computational study demon-
strates a significant increase in the fairness of the distribution of accepted
preferences within a planning period by incorporating the updating of the
satisfaction factor in their model. These findings are further supported by
Wolbeck et al. (2020), who explicitly acknowledge that their updating strat-
egy after each planning period leads to unfair solutions within that specific
period but is considered acceptable in order to prioritize long-term fairness.
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nurses into fairly and unfairly treated groups based on the last planning
period. Subsequently, only the requests of unfairly treated nurses are con-
sidered in the current planning period. Similar to the previous approach,
this method makes it impossible to keep track of fairness for more than two
periods. Additionally, there is no easy way to differentiate the presented
nurses. It is rather the responsibility of the planner, which might add an
additional burden.
In contrast to the previously described papers, London et al. (2023), Bhutiani
et al. (2018) and Turner et al. (2013) ensure fairness not in the objective
function of the mathematical decision model. London et al. (2023) propose
a rotational system for self-scheduling shifts, wherein the order of selection
from available shifts is rotated among employees during planning periods.
Additionally, the assignment of major holidays is tracked separately, and
these assignments are made based on historical data. Bhutiani et al. (2018)
sort employees by their working time above contractual hours. This informa-
tion is used by the planner to make scheduling decisions. Similarly, Turner
et al. (2013) attempt to balance the learning experiences of residents by cre-
ating suggestions based on prior accumulated imbalances. Senior physicians
then use these suggestions to create what they consider to be fair plans.
In both methods, the final decision rests with the planner. Turner et al.
(2013) explicitly mention that their approach did not help improve equality,
as planners regularly ignored their suggestions.
In conclusion, the literature shows that considering fairness beyond the im-
mediate planning horizon is a promising idea. However, there is very little
research on this topic beyond the use of weights within the objective func-
tion. Additionally, updating strategies for these weights are only superficially
studied. Therefore, the question of how to incorporate continuous fairness
offers ample opportunity for further research.
After determining the appropriate timeframe for considering fairness, the
next step is to select a structure for the planning and scheduling process.
There are various methods to integrate fairness into workforce planning,
which can be broadly categorized into three main approaches:

• Integrating fairness into the planning process occurs through the choice
of a suitable planning structure, without ensuring fairness within a
mathematical decision model.

• The introduction of hard constraints in a mathematical decision
model can be employed to integrate fairness into the planning process.
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within the objective function of the mathematical decision model,
utilizing variables defined through soft constraints.

Figure 7 provides an overview of the frequency with which different ap-
proaches are applied in the literature. For a detailed overview of the ap-
proaches used in each paper, please refer to Table B.3. In the following
section, we will discuss these approaches in greater detail. For those ap-
proaches that utilize a mathematical decision model, we will illustrate the
general concept using the notation provided in Table C.4.
One significant advantage of incorporating fairness into the structure of the
personnel planning and scheduling process is the considerable flexibility it
provides. As a result, the literature presents numerous distinct concepts
within this context. An illustrative example can be found in (Hong et al.,
2019a), where models are used to generate a spectrum of Pareto-optimal
plans from which the planner can choose. Consequently, it is within the
purview of the planner to select a fair plan. We have also discussed the
examples of Bhutiani et al. (2018) and Turner et al. (2013), who offer sug-
gestions to the planner by sorting employees based on suitable criteria. Alter-
natively, fairness can be incorporated into heuristic algorithms (Chen et al.,
2022; Chow et al., 2015; Guo and Bard, 2022). For instance, Sun et al. (2023)
utilize an iterative heuristic that sequentially improves the schedule for the
most disadvantaged employee. Saad et al. (2023) introduce two different
sorting algorithms to balance the patient acuity that nurses deal with dur-
ing a workday. In addition to these approaches, several other strategies exist
for addressing fairness within a specific planning framework. The common-
ality among all these approaches is that fairness is frequently not precisely
quantified, and achieving an optimal solution is not always the primary ob-
jective. Consequently, it might be challenging to transparently communicate
to employees how fairness is ensured.
In contrast, using mandatory constraints within mathematical decision mod-
els to ensure fairness facilitates clear and transparent communication with
employees about what constitutes fairness and how it is achieved. To ef-
fectively formulate these constraints, planners need a fundamental under-
standing of what makes a plan fair and how this fairness is reflected in the
outcomes. For instance, a planner might establish the range of a metric that
is considered fair. By setting minimum (minVij) and maximum (maxVij)
values for a given metric j and each employee i, as illustrated in Equation 1
the planner ensures that fairness is achieved for each employee within these
bounds. If the planner does not have a predefined range for what is con-
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Mij −Mkj ≤ thrikj ∀i, k, j (2)

sidered fair, they might focus on controlling the disparity between metrics
for different employees. This can be done by defining a maximum allow-
able difference (thrikj) between the same metric j for two employees i and
k, as shown in Equation 2. Examples of such constraints in the literature
encompass ensuring that each employee works an identical number of shifts
(Bowers et al., 2016; Zaerpour et al., 2022), is guaranteed a minimum prob-
ability of being able to take their planned break Kraul et al. (2024) or that
the discrepancy in the shifts worked by employees does not surpass a certain
threshold (Klyve et al., 2021; Otero-Caicedo et al., 2023; Senbel, 2021). By
choosing appropriate parameters the planner can exert significant control
over the solution space through constraint formulation. Striking the right
balance is paramount because overly rigid constraints can render the mathe-
matical problem infeasible, while more lenient ones may lead to fairness not
being discernible in the final results. This presents a significant drawback of
the approach, as knowing what constitutes a fair solution is rarely apparent
before the planning process. This makes it difficult to formulate effective
constraints. Furthermore, enabling a trade-off between fairness and other
objectives within the planning is not feasible when mandatory constraints
are employed.
To address the challenges associated with mandatory constraints, fairness

can be integrated into the objective function of a mathematical decision
model. When paired with suitable soft constraints, this approach ensures
that problems remain feasible. Moreover, it facilitates a trade-off among
diverse elements within the objective function. The opportunities for inte-
grating fairness into the objective function of a mathematical decision model
are highly diverse. For clarity, we will refer to the calculation rules used to
quantify fairness as measurements. The choice of measurement applied in
the objective function significantly impacts the output of the mathematical
decision model. As a result, the various approaches within the objective
function will be explored and categorized in more detail in the following.
In conclusion, different methods for addressing fairness in personnel plan-
ning each have their own strengths and weaknesses. While integrating fair-
ness into the objective function presents unique opportunities for balancing
multiple objectives, it is important to explore and understand the various
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ther research will be essential in refining these techniques and improving
their implementation.
In the following discussion, we explore how fairness can be incorporated into
the objective function of mathematical models. Numerous studies incorpo-
rate multiple objectives within their objective functions, frequently empha-
sizing a trade-off between fairness and efficiency or overall quality (Fügener
et al., 2015; Wolbeck et al., 2020; Zanda et al., 2018). A limited number of
papers also addresses the trade-off between various aspects or metrics of fair-
ness (Acar and Butt, 2016; Pahlevanzadeh et al., 2021; Rea et al., 2021). To
adequately consider these diverse objectives, the most prevalent approach is
to employ a weighted sum within the objective function (Chiang et al., 2019;
Thielen, 2018; Wickert et al., 2021). This method facilitates the weighting
of different objectives in accordance with the problem context. In extreme
cases, these weights can result in lexicographic approaches where either ef-
ficiency (Guo and Bard, 2022) or fairness (Gross et al., 2019) may be the
primary objective, while other objective aspects are secondary. Bin Obaid
(2024) apply their model twice, initially using efficiency and subsequently
optimizing for fairness, rendering their approach lexicographic. In contrast,
only a few studies utilize approaches to identify a set of non-dominated
solutions or the Pareto frontier (Heidari et al., 2021; Huang et al., 2021;
Mahdizadeh Sarami et al., 2024; Otero-Caicedo et al., 2023; Smet, 2023; Sun
et al., 2023). For instance, Smet (2023) employs the balanced box method
to identify a set of non-dominated solutions for presentation to the planner.
Similar to the work of Hong et al. (2019a), these studies have the advantage
of enabling the planner to select outcomes they deem fair or of high qual-
ity. Explicitly considering fairness in the objective function allows for the
provision of well-informed suggestions regarding the fairness aspect. Given
that only a few papers explicitly address multi-objective modeling and fair-
ness does not alter their approach to multi-objective modeling from standard
methods, we will not delve deeper into this topic here. In the following dis-
cussion, we assume that the measurements we discuss could be integrated
within multi-objective approaches. For ease of understanding and clarity, we
present the measurements in isolation. Given the diverse measurements to
quantifying fairness within the objective function found in the literature, we
will classify these measurements in the following paragraph.2 We introduce

2The categorized measurements discussed here rely on different metrics utilizing differ-
ent dimensions, as elaborated in Subsection 3.2. Describing the functionality of different
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1. We differentiate measurements according to the number of observa-
tions in the objective function.

• Exactly one employee is considered in the measurement.

• Two employees are considered in the measurement.

• All employees are considered in the measurement.

2. We distinguish the types of measurement utilized in the objective
function, aiming to differentiate based on functionality.

• Spread measurements quantify fairness by measuring the dis-
parities in specific metrics across different employees – e.g., dis-
crepancies in assigned working hours.

• Position measurements quantify fairness based on the absolute
values of specific metrics – e.g., the number of working hours each
employee is assigned.

Both dimensions are simultaneously applied to categorize the papers. This
results in six distinct categories of the format “number of observations/type
of measurement”. For a snapshot of how frequently measurements of each
category appear in the literature, see Figure 8. For a comprehensive overview
of the measurements employed by each papers, please refer to Table B.3. In
the following section, we will delve into these categories in more detail.
In the “one/Spread” category, the objective function is designed to minimize
the maximum (absolute, positive, or negative) difference between a target
and the actual assignment for a single employee (Bard et al., 2017; Klyve
et al., 2021; Kraul, 2020) — such as the difference between a target working
time and the working time of the employee with the most substantial devi-
ation. A general formulation of the measurements used in the “one/Spread”
category is formally outlined in Equation 3. The choice of an appropriate
function (fp) depends on the type of spread being considered.establish3 How-
ever, this approach is limited in that it exclusively focuses on one employee,

measurements using a generic dimension can be challenging to comprehend. Since the
specific dimensions considered are not critical to the functionality of the measurement,
we will use working time as a representative metric. It is important to note that working
time is not the only dimension considered in the literature.

3Examples of spread functions utilizing a target value tgtij for metric j and em-
ployee i commonly found in the literature include the following: fp(Mij) := {(Mij −
tgtij)

2;max{Mij − tgtij ; 0}}.
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ployees. As a result, much of the information about fairness in the planning
and scheduling process is lost.

fp(Mij) ≤ Zj ∀i, j (3)

Within the “one/Position” category, a similar approach is employed, with
the objective of optimizing the results for the most disadvantaged employee
(Akbarzadeh et al., 2022; Dumrongsiri and Chongphaisal, 2018; Thongsanit
et al., 2016) – e.g., minimizing the working hours of the employee who has
to work the most hours. This concept is generally formulated in Equation 4.
Similar to the measurements in the “one/Spread” category, the measurements
in this category solely focus on one employee. Both of these approaches draw
inspiration from the Rawlsian fairness principle, which emphasizes the maxi-
mization of benefits for the least advantaged individual (Rawls, 1971). While
these methods are relatively straightforward to implement within a mathe-
matical decision model, considering only one employee limits the potential
for achieving fairness and efficiency. Bin Obaid (2024) expands on this idea
by integrating his mathematical model into a structured framework for fair-
ness considerations. In his work, the working hours of the employee with
the highest workload are minimized sequentially until the working time of
no employee can be further reduced. Thus, each employee is incorporated
into the fairness considerations.

Mij ≤ Zj ∀i, j (4)
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disparity between the most advantaged and the least advantaged employee
(Adams et al., 2019; Böðvarsdóttir et al., 2022; Sir et al., 2015) – e.g., min-
imizing the difference in working hours between the employee working the
most and the employee working the least. A formal description of the mea-
surements in this category is depicted in Equation 5. The core idea is to
narrow the range between the employees benefiting the most and the least
from the outcome of the planning and scheduling process. This measure-
ment, more so than the previous ones, incentivizes equal treatment of all
employees. However, this can come at the cost of the overall quality of the
resulting plan, meaning that everyone might receive worse plans compared to
a less equitable solution. Consequently, while this approach achieves equal-
ity, it raises questions about whether employees perceive it as practical or
fair. Generally, by solely applying spread measurements, we neglect the
overall quality of the entire working plan, which might lead to unsatisfac-
tory outcomes.

Mij −Mkj ≤ Zj ∀i, k, j (5)

For the “two/Position” category, no papers have been identified that apply a
corresponding measurement. Furthermore, our broader examination of the
fairness literature has not yielded any measurements that align with this
category. Consequently, we conclude that this category offers very limited
potential for the quantification of fairness.
In the “all/Spread” category, the primary objective is to minimize the sum
of deviations (absolute, positive, or negative) in the final assignments for
all employees – e.g., this could involve summing the absolute differences in
working hours for every pair of employees. Within this category there are
two general approaches to choose from. In Equation 6, the functions fp are
used to calculate deviations from a target value, while in Equation 7 the
functions fg4 are used to calculate the difference in metrics between two dif-
ferent employees. Measurements of this category consider all employees and
their respective deviations within the objective function. The prevailing ap-
proach in this category seeks to minimize the sum of all absolute deviations
(Fügener et al., 2015; Lan et al., 2019; Olya et al., 2022). There are also pa-
pers that consider only negative or only positive deviations (Fügener et al.,

4Examples of spread functions based on the metrics of two employees i and k, as found
in the literature, include the following: fg(Mij◦Mkj) := {max{Mij−Mkj , 0}; |Mij−Mkj |}.
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method, as it fails to distinguish between equitably distributing deviations
among all employees and permitting uneven distribution. This discrepancy
often contradicts the fairness principles outlined within the same research pa-
pers employing this objective function. In response to this challenge, some
authors propose objective functions that accord greater weights to larger de-
viations, frequently accomplished by squaring the deviation (Devesse et al.,
2023; Rea et al., 2021) or applying a linearized exponential function (De-
vesse et al., 2023). These modifications can help enforce a fairer solution.
However, such adjustments tend to amplify the model’s complexity.

∑

i

fp(Mij) = Zj ∀j (6)

∑

i

∑

k

fg(Mij ◦Mkj) = Zj ∀j (7)

In the “all/Position” category, the primary goal is to optimize fairness by
considering the assignments of all employees. To address fairness consider-
ations, weights can be applied to either the employees or their assignments
– e.g., squaring the working hours of all employees. Generally, the planner
must assign a weight (wghti) to each employee i and decide on a power (n)
to apply to the value of the metric. A depiction of the measurements used
in this category can be found in Equation 8. The most commonly adopted
approach in this category quantifies fairness by summing the product of the
working hours assigned to each employee and the respective weight assigned
to them (Gross et al., 2019; Pahlevanzadeh et al., 2021; Wolbeck et al., 2020).
These weightings must be carefully selected to achieve a balanced and fair
work plan. It’s important to emphasize that the resulting distribution may
not consistently align with fairness principles proclaimed within the respec-
tive article within one planning period. Therefore this approach is arguably
most suitable when fairness is achieved over multiple planning periods where
weights can be adjusted. To achieve fairness within a single planning period,
some papers opt for a power n = 2 to weigh longer working hours more
heavily (Martin et al., 2013), or they use a linearized exponential function
(Guo and Bard, 2022; Punnakitikashem et al., 2013).

∑

i

wghti · (Mij)
n = Zj ∀j (8)
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cal models, the use of hard constraints, or even structural approaches may
only serve as approximations of the more fundamental goal of achieving fair-
ness. For example, in the work of Elomri et al. (2015), fairness is ensured by
minimizing the deviation from the target duties worked for each employee.
However, in scenarios that do not allow for a fair distribution of work duties,
the objective function does not differentiate between the deviation borne by
one employee or shared among all. Consequently, the objective value may
not be an adequate indicator of the solution’s fairness. Some papers intro-
duce a fairness indicator independent of the objective function to address
this limitation. For instance, Sun et al. (2023) utilize standard deviation to
assess various objective functions. Their findings indicate that the various
measurements can lead to significantly disparate outcomes related to stan-
dard deviation. Martin et al. (2013) provide an in-depth analysis of different
measurements by employing Jain’s Fairness Index. They find that various
approaches result in solutions of differing quality in terms of fairness. Yas-
mine et al. (2024) similarly demonstrate that different measurements in the
objective function produce varying results. They utilize both the standard
deviation and the range from least to most working time to assess the fair-
ness of the results. Cappanera et al. (2022) introduce six different indicators
to assess fairness, although not all of them are included within their model.
They evaluate results by studying deviations from these key performance
measurements, distinct from their model approach. Gross et al. (2019) also
introduce an independent fairness measurement. While fairness is ensured
by a weighted sum within the mathematical decision model, they evaluate
results by examining the variance of the granted preferences. The rationale
for utilizing such independent fairness measurements is multifaceted. Firstly,
the measurements used in the objective function often serve as approxima-
tions and may not fully capture the fairness concept introduced within the
problem setting. Employing tailor-made measurements for assessing fairness
enhances the robustness of result interpretation. Secondly, using a consistent
measurement across different papers facilitates more effective comparisons,
enhancing the evaluation of the quality of various approaches. Additionally,
calculating such measurements using the results of the planning process does
not introduce additional complexity, requiring no extra effort to enhance
solution algorithms or simplify model complexity. In essence, employing
an independent fairness measurement provides an opportunity to assess the
strengths and weaknesses of different approaches more precisely at negligible
cost. Most literature does not introduce an independent fairness measure,
making this a relatively unexplored research field with considerable poten-
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recognized in the literature (Jain et al., 1984; Hoßfeld et al., 2017) is the Jain
Index. Another example of a measure used in the literature is the variance
or standard deviation Bin Obaid (2024); Koruca et al. (2023); Smet (2023).
However, there are many other measurements that can be used to measure
fairness. For further exploration, we refer interested readers to (Cowell, 2000;
De Maio, 2007).

4. Future Research Directions

In this section, we highlight the key findings of our review and identify op-
portunities for further research. To contextualize our findings appropriately,
it is essential to acknowledge the limitations of our approach. By limiting
our review to English-language publications, we may have overlooked valu-
able insights from non-English sources. Similarly, focusing on publications
from 2013 to 2024 may result in the exclusion of relevant studies conducted
at an earlier date. Nevertheless, the risk of missing crucial research find-
ings is mitigated by the fact that contemporary research frequently builds
upon previous work, thereby indirectly incorporating it into our overview.
Furthermore, the introduced time frame allows us to present a more coher-
ent snapshot of recent developments in the literature. By limiting ourselves
to peer-reviewed journals, we might miss insights gained from conference
papers and PhD theses. However, considering that the scientific standards
and accessibility of these publications vary significantly, and that these find-
ings often make their way into journals, we believe our work provides a
comprehensive literature overview. The focus of this study is on hospital
environments, and as a result, the review addresses only a subset of poten-
tial approaches to integrate fairness in personnel planning and scheduling.
While the identified trends and methods are highly relevant to hospital set-
tings, they may not fully represent related issues in other sectors. However,
this focused approach enables us to provide a detailed and concise overview
of the literature that is particularly valuable for researchers in hospital set-
tings. In our approach to identifying literature that integrates fairness into
personnel scheduling and planning, we defer to the authors of the respective
studies to define what fairness entails in their problem setting. Accordingly,
we refrain from imposing our own definition of fairness. This method neces-
sitates that authors address the issue of fairness in their work. However, the
lack of standardized terminology necessitates some degree of interpretation.
Consequently, we may exclude papers where authors aim to ensure fairness
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correctly. Despite this, we are confident that our overview remains robust
due to the large number of papers identified. Furthermore, this approach
also allows us to cover a variety of papers and perspectives, enhancing our
understanding of the current literature. While our review offers valuable
insights into current practices and emerging research questions, we acknowl-
edge the limitations of our methodological choices. These limitations should
be considered when interpreting our findings’ implications for both further
research and practical applications in healthcare settings. In the following,
we will highlight the most promising fields for further research:

• Continuous Fairness: Few papers consider continuous approaches to
ensure fairness. In those instances where fairness is addressed, it is typ-
ically achieved by sequentially solving decision models and adjusting
weights over time. Only three papers discuss integrating multi-period
fairness structurally, highlighting a gap in the literature. More research
is needed on achieving long-term fairness through constraints, struc-
tural approaches or different measurements in the objective function.
Additionally, the temporal aspect of fairness is rarely addressed, and
the difference between ensuring continuous and within-period fairness,
as well as employees’ perceptions of these concepts, is superficially
discussed. Addressing these topics could enhance workforce planning
efficiency and employee satisfaction.

• Application of Different Metrics: The literature discusses different
dimensions of metrics, each capturing different aspects of fairness. The
choice of dimensions often depends on the specific problem context, but
the rationale for selecting appropriate dimensions is seldom discussed,
and employee perceptions are rarely examined. For example, financial
aspects are considered in only two papers, leaving the appropriateness
of this focus undetermined. Thoroughly investigating different dimen-
sions and their impact on employees might help to establish a suitable
framework for further research.

• Measuring Fairness: The literature offers different ways to measure
fairness, particularly regarding the design of objective functions. Few
papers explain why specific measurements were chosen and their as-
sociated advantages and disadvantages. Most papers limit their eval-
uation to metrics used in the objective function, without employing
metrics specifically developed for measuring fairness in results evalu-
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comparability among articles and enable more informed result interpre-
tations. This opens a promising field for analyzing various approaches’
strengths and weaknesses using external fairness measures and exam-
ining employee perceptions of different measurements.

• Inclusion of Employees in the Planning Process: Understand-
ing how different measures align with employees’ perceptions of fairness
is crucial. Regardless of the technical outcomes, if employees do not
feel being treated fairly, the goal of fairness in planning is not achieved.
Therefore, actively involving employees in the planning process is essen-
tial. However, this involvement introduces the risk of collusion among
employees. Researching strategies to prevent collusion and identifying
which fairness measures are robust against such behavior is vital for
improving the scheduling process and ensuring the effective integration
of employees’ input.

• Integration into the broader literature: A substantial body of
literature addresses the concept of fairness in the allocation of indivis-
ible resources, which encompasses all the problems discussed in this
review. Within this framework, two primary strands of fairness are
prominently examined: proportionality and envy-freeness5. However,
neither of these principles can be guaranteed in the context of indi-
visible goods. As a result, numerous relaxed concepts have emerged
for assessing fairness in the division of such resources. Exploring how
the approaches utilized in the healthcare sector correspond with the
established concepts in the broader literature presents an intriguing
direction for further research. In particular, the concept of envy is
noteworthy for two reasons. First, it is not addressed at all within the
healthcare literature. Second, in healthcare settings where employees
can frequently compare their schedules, envy may significantly influ-
ence their perceptions of the planning and scheduling processes.

5Proportionality describes the principle that each employee receives at least the pro-
portion of utility they would be guaranteed if they were solely responsible for dividing the
resources, yet had to choose the package that provides the least utility. The concept of
envy-freeness suggests that no employee would prefer to trade their assigned resources—or,
in our case, their schedule—with another person. For readers interested in further dis-
cussions on fairness in the assignment of indivisible goods, we refer to Amanatidis et al.
(2023).
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This literature review demonstrates that integrating fairness into person-
nel planning and scheduling is an issue of global relevance that is gaining
increasing importance. Addressing this multifaceted problem requires com-
prehensive consideration of various aspects. We introduced different classi-
fications to address the essential questions—what constitutes fairness, what
to measure, and how to measure fairness—that researchers should ponder
when incorporating fairness into their methodologies. The answers to these
questions can vary significantly depending on the specific problem setting.
Our classifications are intended to help researchers to contextualize their
ideas and problem settings.
We have also identified several avenues for further research. Notably, these
include considering the temporal aspect of fairness, evaluating different di-
mensions of fairness, applying a standardized approach for evaluating fair-
ness, incorporating new concepts on how to measure fairness, analyzing fair-
ness within multi-objective models, and involving employees more in the
planning and scheduling process.
In conclusion, integrating fairness and developing efficient workforce plan-
ning and scheduling strategies are critical steps in addressing the challenges
faced by the healthcare sector. We believe this review is particularly useful as
it provides a comprehensive framework for understanding the current state of
research on fairness in hospital personnel planning and scheduling. By high-
lighting key trends, methods, and gaps in the literature, our review serves
as a valuable resource for researchers and practitioners aiming to improve
working conditions, enhance employee satisfaction, and ultimately deliver
better healthcare outcomes. Continued research in this field is essential to
ensure sustained progress and innovation in addressing these vital issues.
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Appendix A. Meta-Analysis

In order to provide a more comprehensive understanding of the literature
under review, a meta-analysis was conducted. The papers were initially
clustered according to their publication date, as illustrated in Figure A.9.
The continuous number of publications supports our thesis on the impor-
tance of this topic. Moreover, at least one publication was identified from
authors on each continent, which underscores the global relevance of this
issue. Due to the selection of search terms, the identified literature predom-
inantly addresses physicians, residents, and nurses. (see Figure A.11 for an
overview). With regard to the time horizon addressed, most papers focus
on operational or tactical issues, with only a few considering strategic prob-
lem settings. Additionally, there is considerable variation in the approach
to problem settings. Some papers, like Akbarzadeh and Maenhout (2021a),
emphasize solution approaches, while others, such as Thielen (2018), focus
more on in-depth problem modeling. This diversity is reflected in the range
of journals publishing relevant research, including the European Journal of
Operational Research, the Journal of Scheduling, and Health Care Manage-
ment Science. Notably, Operations Research for Health Care has the highest
number of included papers, with nine featured in this review. This extensive
diversity of journals provides opportunities for a wide range of researchers.
For a detailed overview of the papers and their characteristics, see Table A.2.
In conclusion, the subject of fairness in personnel planning and scheduling is
becoming increasingly prominent on the global academic stage. Researchers
are primarily concerned with integrating fairness into the scheduling and
planning of nurses, residents, and physicians. Their findings are dissemi-
nated across a diverse range of academic journals and predominantly address
tactical or operational planning issues.
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Referenceand her is a name that is more thane Publication Year Continent JournalInternational for Simula

Acar and Butt (2016) 2016 NA Journal of Biomedical Informati
Achmad et al. (2021) 2021 AS International Journal for Simula
Adams et al. (2017) 2017 OC BMJ Innovations
Adams et al. (2019) 2019 OC Operations Research for Health
Agyei et al. (2015) 2015 AF International Journal of Scientifi
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Akbarzadeh and Maenhout (2021a) 2021 EU European Journal of Operationa
Akbarzadeh et al. (2022) 2022 EU INFORMS Journal of Applied A
Bard et al. (2014) 2014 NA Operations Research for Health
Bard et al. (2017) 2017 NA IISE Transaction on Healthcare
Baum et al. (2014) 2014 NA Academic Radiology
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Bhutiani et al. (2018) 2018 NA Anesthesia and Analgesia
Bin Obaid (2024) 2024 AS Journal of Engineering Research
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Bowers et al. (2016) 2016 NA Interfaces
Bruni and Detti (2014) 2014 EU Operations Research for Health
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Cappanera et al. (2022) 2022 EU Flexible Services and Manufactu
Lin et al. (2014) 2014 AS Mathematical Problems in Engin
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Chiang et al. (2019) 2019 AS International Journal of Enginee
Chow et al. (2015) 2015 NA Journal of Graduate Medical Ed
Cildoz et al. (2021) 2021 EU Applied Soft Computing
Damcı-Kurt et al. (2019) 2019 NA Omega
Leksakul and Phetsawat (2014) 2014 AS Mathematical Problems in Engin
Devesse et al. (2023) 2023 SA Journal of the Operational Rese
Dumrongsiri and Chongphaisal (2018) 2018 AS Songklanakarin Journal of Scien
Elomri et al. (2015) 2015 AS International Journal of Supply
Fügener et al. (2015) 2015 EU International Journal of Product
Gross et al. (2018) 2018 EU Flexible Services and Manufactu
Gross et al. (2019) 2019 EU Health Care Management Scienc
Guo and Bard (2022) 2022 AS Computers & Operations Resear
Heidari et al. (2021) 2021 AS Scientia Iranica
Hong et al. (2019a) 2019 NA Operations Research for Health
Hong et al. (2019b) 2019 NA Journal on Applied Analytics
Howard et al. (2020) 2020 NA PLOS ONE
Huang et al. (2014) 2014 AS Neural Computing and Applicat
Huang et al. (2016b) 2016 AS Journal of Industrial and Produ
Huang et al. (2016a) 2016 AS Journal of Industrial and Produ
Huang et al. (2021) 2021 AS Complexity
Jiang et al. (2023) 2023 NA Decision Support Systems
Klyve et al. (2021) 2021 EU Operations Research for Health
Koruca et al. (2023) 2023 AS Annals of Operations Research
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Referenceand her is a name that is more thane Publication Year Continent JournalInternational for Simula

Kraul (2020) 2020 EU Flexible Services and Manufactu
Kraul et al. (2024) 2024 EU Omega
Lan et al. (2019) 2019 AS Applied Soft Computing
Lin et al. (2015a) 2015 AS International Journal of Distribu
Lin et al. (2015b) 2015 AS Journal of Industrial and Produ
London et al. (2023) 2023 NA Journal of the American College
Maenhout and Vanhoucke (2013) 2013 EU Omega
Mahdizadeh Sarami et al. (2024) 2024 AS Advances in Industrial Engineeg
Malekian et al. (2023) 2023 AS Journal of Industrial and System
Mansini and Zanotti (2020) 2020 EU Journal of Scheduling
Ito et al. (2018) 2018 AS Journal of Japan Industrial Man
Martin et al. (2013) 2013 EU Expert Systems With Applicatio
Michael et al. (2015) 2015 NA Annals of Operations Research
Mohammadian et al. (2019) 2019 AS International Journal of Enginee
Mohd Nasir et al. (2021) 2021 AS Journal of Computing Research
Rerkjirattikal et al. (2020) 2020 AS Mathematical Problems in Engin
Mystakidis et al. (2024) 2024 EU Healthcare (Switzerland)
Özcan et al. (2019) 2019 AS Sigma Journal of Engineering an
Olya et al. (2022) 2022 NA Expert Systems With Applicatio
Otero-Caicedo et al. (2023) 2023 SA Operations Research for Health
Pahlevanzadeh et al. (2021) 2021 AS RAIRO - Operations Research
Proano and Agarwal (2018) 2018 NA Health Care Management Scienc
Punnakitikashem et al. (2013) 2013 NA IIE Transactions
Razamin et al. (2020) 2020 AS International Journal for Simula
Rea et al. (2021) 2021 NA Production and Operations Man
Saad et al. (2023) 2023 EU Sustainable Computing: Informa
Schaus and Régin (2014) 2014 EU European Journal on Computati
Schoenfelder and Pfefferlen (2018) 2018 EU Service Science
Seizinger and Brunner (2023) 2023 EU European Journal of Operationa
Senbel (2021) 2020 NA Asia-Pacific Journal of Operatio
Sir et al. (2015) 2015 NA Journal of Biomedical Informati
Smalley and Keskinocak (2016) 2016 NA Health Care Management Scienc
Smet (2023) 2023 EU Operations Research for Health
Sulak and Bayhan (2016) 2016 AS Journal of Research in Business,
Sun et al. (2023) 2023 NA Production and Operations Man
Thielen (2018) 2018 EU Operations Research for Health
Thongsanit et al. (2016) 2016 AS Science, Engineering and Health
Tohidi et al. (2019) 2019 NA Journal of Operational Research
Turner et al. (2013) 2013 NA Interfaces
van der Veen et al. (2016) 2016 EU Annals of Operations Research
Vermuyten et al. (2018) 2018 EU Expert Systems With Applicatio
van de Vrugt et al. (2018) 2018 EU Operations Research for Health
Wang et al. (2014) 2014 AS Journal of Industrial and Produ
Wickert et al. (2021) 2021 SA Annals of Operations Research
Wolbeck et al. (2020) 2020 EU European Journal of Operationa
Wu et al. (2015) 2015 AS Computers & Operations Resear
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Zaerpour et al. (2022) 2022 NA Production and Operations Man
Zanazzo et al. (2024) 2024 EU Journal of Scheduling
Zanda et al. (2018) 2018 EU Computers & Industrial Enginee
Zhong et al. (2017) 2017 NA IISE Transaction on Healthcare

With: Africa (AF), Asia (AS), Europe (EU), North America (NA), Oceania (OC), South and Central America (SA), di

Table A.2: Meta information of the different papers
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Acar and Butt (2016) • • • • • • •

Achmad et al. (2021) • • • • •

Adams et al. (2017) • • • • • •

Adams et al. (2019) • • • • • •

Agyei et al. (2015) • • • • • •

Akbarzadeh and Maenhout (2021b) • • • • • •

Akbarzadeh and Maenhout (2021a) • • • • • •

Akbarzadeh et al. (2022) • • • • • •

Bard et al. (2014) • • • • •

Bard et al. (2017) • • • • •

Baum et al. (2014) • • • • • • • • •

Beck Dallaghan et al. (2022) • • • • • •

Becker et al. (2019) • • • • • • • • •

Bhutiani et al. (2018) • • • • •

Bin Obaid (2024) • • • • • • •

Böðvarsdóttir et al. (2022) • • • • • • •

Bowers et al. (2016) • • • • • • • • •

Bruni and Detti (2014) • • • • • • • •

Camiat et al. (2021) • • • • • •

Cappanera et al. (2022) • • • • • • • •

Lin et al. (2014) • • • • •

Chawasemerwa et al. (2018) • • • • •

Chen et al. (2022) • • • • •

Chiang et al. (2019) • • • • • • • •

Chow et al. (2015) • • • • •

Cildoz et al. (2021) • • • • • •

Damcı-Kurt et al. (2019) • • • • •

Leksakul and Phetsawat (2014) • • • • •

Devesse et al. (2023) • • • • • • •

Dumrongsiri and Chongphaisal (2018) • • • • • •

Elomri et al. (2015) • • • • • •

Fügener et al. (2015) • • • • • • •

Gross et al. (2018) • • • • •

Gross et al. (2019) • • • • •

Guo and Bard (2022) • • • • • • • •
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Heidari et al. (2021) • • • • •

Hong et al. (2019a) • • • • • •

Hong et al. (2019b) • • • • •

Howard et al. (2020) • • • • •

Huang et al. (2014) • • • • •

Huang et al. (2016b) • • • • •

Huang et al. (2016a) • • • • •

Huang et al. (2021) • • • • •

Jiang et al. (2023) • • • • • •

Klyve et al. (2021) • • • • • • •

Koruca et al. (2023) • • • • • • • •

Kraul (2020) • • • • •

Kraul et al. (2024) • • • • •

Lan et al. (2019) • • • • •

Lin et al. (2015a) • • • • •

Lin et al. (2015b) • • • • •

London et al. (2023) • • • • •

Maenhout and Vanhoucke (2013) • • • • • •

Mahdizadeh Sarami et al. (2024) • • • • •

Malekian et al. (2023) • • • • • •

Mansini and Zanotti (2020) • • • • •

Ito et al. (2018) • • • • •

Martin et al. (2013) • • • • • • •

Michael et al. (2015) • • • • •

Mohammadian et al. (2019) • • • • •

Mohd Nasir et al. (2021) • • • • •

Rerkjirattikal et al. (2020) • • • • • • •

Mystakidis et al. (2024) • • • • •

Özcan et al. (2019) • • • • •

Olya et al. (2022) • • • • •

Otero-Caicedo et al. (2023) • • • • • • • • •

Pahlevanzadeh et al. (2021) • • • • •

Proano and Agarwal (2018) • • • • • • • •

Punnakitikashem et al. (2013) • • • • •

Razamin et al. (2020) • • • • •

Rea et al. (2021) • • • • • •

Saad et al. (2023) • • • • •
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Schaus and Régin (2014) • • • • •

Schoenfelder and Pfefferlen (2018) • • • • • •

Seizinger and Brunner (2023) • • • • •

Senbel (2021) • • • • • • • • • •

Sir et al. (2015) • • • • • • • • •

Smalley and Keskinocak (2016) • • • • • • • •

Smet (2023) • • • • • •

Sulak and Bayhan (2016) • • • • •

Sun et al. (2023) • • • • • • • •

Thielen (2018) • • • • • • • • •

Thongsanit et al. (2016) • • • • • •

Tohidi et al. (2019) • • • • • • • • •

Turner et al. (2013) • • • • •

van der Veen et al. (2016) • • • • •

Vermuyten et al. (2018) • • • • • •

van de Vrugt et al. (2018) • • • • •

Wang et al. (2014) • • • • • •

Wickert et al. (2021) • • • • • • • • •

Wolbeck et al. (2020) • • • • •

Wu et al. (2015) • • • • •

Yasmine et al. (2024) • • • • • • • • •

Zaerpour et al. (2022) • • • • •

Zanazzo et al. (2024) • • • • • • • •

Zanda et al. (2018) • • • • •

Zhong et al. (2017) • • • • •

Table B.3: Classification of the papers
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Sets
i, k Set of employees
j Aspect measured using metric j
Parameters
minVij Minimum value of metric j for employee i
maxVij Maximum value of metric j for employee i
thrikj Maximum allowed difference for metric j between employees i and k
wghti Weight assigned to the metrics of employee i
tgtij Target value for metric j for employee i
Decision variables
Mij Metric measuring aspect j for employee i
Zj Objective contribution to measuring fairness in aspect j

Table C.4: Notation used in the formulation.
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