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1 Introduction

In the field of AI Ethics, scholars have identified various kinds of ethical issues
related to autonomous decision-making algorithms [6], which include Operations
Research (OR) applications. While methods for addressing some ethical issues
have been studied in scheduling contexts, especially fairness criteria [10], there
are still research avenues for OR applications that have received limited atten-
tion. We consider that ethics cannot be efficiently integrated into a decision tool
without considering the specific and dynamic aspects of the problem on the field
[2]; thus we propose here a design for a decision tool for the Nurse Rostering
Problem (NRP) that allows for a better integration of moral values and ethical
considerations.

2 Computing moral values

In the field of ethics, multiple frameworks have been developed to describe the
moral preferences of individuals by identifying core values one would wish to
respect. Taking into account one of them, the basic human values theory [8],
we try to address the main issues of NRP by identifying first which aspects
may be related to which of the theory’s ethical principles. For example, some
constraints such as satisfying minimum personnel requirements may be related to
the conformity value, while others such as balancing workload across employees
can be considered as benevolence and universalism. This approach forms a basis
for a moral compass of decision-makers.

Mathematically, these potentially conflicting values are represented with norms
that may be either modeled as objective functions or constraints. Hard con-
straints may be used to represent a threshold that has to be attained regarding
a certain norm, refusing all solutions that do not meet it. Alternatively, using
soft constraints allows the consideration of such solutions as valid but of lesser
fitness, depending on their assigned weights.
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These weights implicitly create a hierarchy between soft constraints, where
the ones with the highest penalties will be preferred to the others. Thus, an
‘ethical profile’ can be drawn from the way the objective function is modeled.
Multi-criteria decision-making (MCDM) methods allow users to visualize the
different set objectives and/or trade-offs between efficient solutions. For these
methods, all objectives are considered equivalent in the model; only the end-
user has the agency to either choose their preferred solution or decide how these
objectives should be ranked or prioritized.

An important limitation of standard modeling approaches with hard and soft
constraints with a single objective function when it comes to ethical decision-
making is its static aspect. As moral values are constantly evolving [9], a mathe-
matical model prioritizing some criteria and enforcing ethical constraints might
become irrelevant and unreliable in the future, or for people with a different cul-
tural background [1]. MCDM approaches such as interactive methods [4] offer
some flexibility by including the decision-maker in the loop, allowing them to
decide which criteria are most important in their current situation. Nevertheless,
these criteria themselves as well as the problem structure typically remain the
same, cannot be modified and might also lose relevance with time passing and
context changing.

We argue that a human-in-the-loop decision-making process that gives more
agency than standard MCDM interactive methods could be used to build a
tool that better considers ethics. An interactive process offers some advantages
that could benefit the whole nurse scheduling process. Incorporating human
interaction allows for a better adaptation to new conditions, which helps to
generate well-suited schedules and reinforces user agency as they may have a
better comprehension of the whole process [7]. An open process also allows other
stakeholders such as nurses to better grasp how a schedule has been designed,
which might be regarded as a fair process [3].

3 Integrating ethical considerations into an interactive
tool

We propose here to use an interactive reoptimization method [5] adapted to an
NRP, where the decision-maker can iteratively modify the set of rules, which
correspond to hard constraints, to obtain new solutions. These modifications
may consist of either local changes (e.g. assigning a nurse to a certain shift
on a specific day) or global changes (e.g. forbidding some shift patterns for all
nurses). More specifically, users have access to a catalogue of ‘template’ rules
that can be parameterized according to their preferences. For example, the cat-
alogue contains a template called ‘Limit consecutive working days’ that can be
parameterized by selecting the nurses and period for which this rule should be
applied, as well as the limit value. Whenever a rule is added to (or deleted from)
the model, a new solution is generated according to the changes, following a
user-defined optimization criterion also chosen from a catalogue.
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This design aims to provide an interactive tool that displays and allows
changes to the main aspects of the mathematical models that are used. While
the preliminary work that established the catalogue limits the decision-maker’s
possibilities, it allows non-experts in OR to directly manipulate the NRP for-
mulation. The proposed design may be especially useful when a clash between
two ethical criteria arises and arbitration is needed to obtain a feasible solution.
Through trial and error, the user may have a better understanding of the prob-
lem structure and the different trade-offs they should consider. While we focus
on the scheduling process itself, such tool could also be used in a reoptimization
context, when unplanned events may arise during the scheduled period.

A possible drawback of this method is that ethical aspects related to schedul-
ing might be ignored or forgotten in the process, as scheduling tasks are often
difficult for human decision makers. To help the user detect potential ethical flaws
in a candidate schedule, we propose to implement the presentation of specific
ethical recommendations that would highlight some of them. The set of pre-
sented recommendations may be determined by the user’s ethical preferences,
which could be assessed either beforehand or during the iterative process. This
information could be used either to show recommendations that are preferred by
the user or to nudge them towards other ethical criteria they would otherwise
not likely consider.
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