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From decision aiding to the massive use of

algorithms: where does the responsibility stand?

Abstract

In the very large debates on ethics of algorithms, this paper proposes an analy-
sis on human responsibility. On the one hand, algorithms are designed by some
humans, who bear a part of responsibility in the results and unexpected impacts.
Nevertheless, we show how the fact they cannot embrace the full situations of
use and consequences leads to an unreachable limit. On the other hand, using
technology is never free of responsibility, even if there also exist limits to charac-
terise. Massive uses by unprofessional users introduce additional questions that
modify the possibilities to be ethically responsible. The article is structured in
such a way as to show how the limits have gradually evolved, leaving unthought
of issues and a failure to share responsibility.
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1 Introduction

The ethics of algorithms is increasingly the subject of much debates, without the
questions being exhausted. First of all, it is essential to remember that this does
not, or does not directly, involve technical aspects. In fact, all types of algorithms,
such as those mentioned in [1], are likely to have unintended, undesirable or even
unacceptable effects [2]. From decision-support approaches in Operational Research,
usually based on formal models, to Large Language Models or any Machine Learning
based approaches, all advanced algorithms therefore deserve to have ethical issues
considered as a necessary angle of reflection. This is why we will be talking about the
ethics of algorithms in its broader sense.

But what is it really about? Ethics itself is concerned with what makes a life good
and just, including the perpetual reflection on what makes a decision acceptable or
even desirable in the light of higher dispositions, values or ends. The concerned deci-
sions are made by subjects who are considered to be -at least partially- autonomous,
in the philosophical sense of the term, voluntary and conscious. In other words, sub-
jects are responsible, i.e. in charge of answering for a decision, whether they have to
justify it, amend it or bear the consequences. Responsibility is the other side of human
agency. Thus, responsibility cannot rely on an algorithm, in the sense that it is not
philosophically autonomous, voluntary or conscious. Just as [3] state ’if AI may surpass
humans in some aspects, they do not possess free will and do not have moral subjec-
tivity. Moreover, so far, no AI algorithm could demonstrate consciousness’. The large
literature on the need to keep a human in the loop also clearly underlines the human
responsibility that remains involved. The expression ’Ethics of algorithms’ is therefore
a very compact expression that indeed refers to a complex set of different levels of
inquiry and encompasses questions of a different order that need to be distinguished
[4].

On the one hand, there are questions about the very technical means that will
enable humans to retain their autonomy and exercise their full responsibility, since
ultimately they will have to take responsibility for the decision, whatever help they
receive from the algorithmic support in making it. Which is precisely why such tools are
created: to support decision-making by gathering relevant information and exploring
potential alternatives and consequences.

On the other hand, there is a central question that arises from the fact that these
increasingly sophisticated tools are not neutral. The light algorithms provide on the
decision is in fact guided by choices and performance measures constructed before-
hand. The results or recommendations provided may also replace all or part of the
analysis without being always explicit. However, these algorithms are produced by
other humans, different from the users. These algorithms are designed after various
choices have been made, choices which may be technical, but may also convey values
or representations. Science is done trying to capture neutral knowledge. Nevertheless,
technologies and scientific uses are never perfectly neutral. The lack of transparency
around this non-neutrality is a major factor in the questioning in society as a whole,
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in the face of increasing consequences. With this in mind, one may wonder how
responsibility is shared between the parties. For the purposes of this analysis, we will
distinguish between two very large categories of actors: the decision-makers, who have
the power to make the decision (with the help of an algorithm, and so are users) and
carry in theory the responsibility; and the analysts, who receive the demand for aid-
ing, so are expected to use methodological skills to design and develop the algorithm
rather than competencies related to the decision process field, and are more and more
questioned on their ethical responsibility. Obviously, all are in a given legal, social and
economical context that has a great influence, this one coming in particular from the
client, who wants the decision process to be assisted (and can or not be different from
the decision-maker), the field experts, software editors and subjects impacted (users
or customers). These different frameworks also should be questioned at the end in
relation to the key players we have targeted as discussed.

Our methodological approach follows notions and concepts introduced through the
topic of Decision Aiding Process [5] because it allows to identify the actors and the
concerns of that particular decision process occurring when analysts help their clients
to take decisions. Such a concept has been relatively studied in the literature of decision
support and of the cognitive sciences (see the literature in [5]), but has never been
extended to take into account the case where decision support is massively deployed
through algorithmic devices with enhanced decision autonomy. This paper tries to fill
this gap. Considering the two identified types of actors and their interactions is the
basic building block in decision-aiding since the very beginning. That is why we started
investigate around their respective responsibilities and potential limits regarding to
ethics. After the first steps, we analyse how the automation is getting things much
more complicated: as tools are able to embrace more data and users, the aggregation
level is less and less close to each ground situation of decision-makers. This observation
is even more acute and potentially harmful with massification of tools for the general
public.

To follow that iterative investigation, the paper is organised as follows: in Section
2 we look back at the Operational Research literature, showing that questions relat-
ing to the ethical issues involved in decision support have been at the heart of debates
for a long time and on several different issues. In Section 3 the emerging effects of
the increasing automation of decision processes and decision aiding processes are dis-
cussed. In Section 4 we discuss the problems related to the massive use of decision
support algorithms. In Section 5 we present an experiment conducted with students
of a CNRS1, the French National Center for Science, the principal research institution
of France, Summer School as far as the design of ethically responsible route plan-
ning services is concerned. We conclude summarising and identifying further research
questions.

2 Decision aiding

Mankind has developed many methods of analyses or modelling of decisions, embed-
ded in tools or devices, hoping to deal with the uncertainty that always surrounds

1Centre National de la Recherche Scientifique
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decision-making. Operational Research (OR) in particular includes methods to tackle
large classes of decision problems (see [6] for a formal definition) that are now used
in lots of software tools. Such methods, based on ’rational’ tools [5, 7], are used since
the first half of the twentieth century to assist professional decision-makers, especially
for production, organisation, management or transportation. This field has been con-
sidering the interactions with ethical issues for some time. As [8] has summed up,
since the 60’s OR communities questioned several ethical aspects and limits of their
practices, together with obligations that it reveals for OR experts as analysts. Equiv-
alent or complementary considerations also appear in the field of machine learning
approaches [9, 10]. Nevertheless, current literature is far from dry and even if special-
ists admit that ’Although we may not be liable for what our clients decide using our
advice and/or our tools, we are responsible for many (avoidable) consequences which
can occur. We have a power and we need to use it with responsibility’ [11], there still
is fuzziness around responsibility to explore.

2.1 First steps

The first point, widely identified by the pioneers of OR, relates to the fact that the
algorithms initially designed to help decision-makers in a professional context obvi-
ously take into account the expressed needs of these decision-makers. In a decision
support approach [12], the first stage is to understand the problem and build a repre-
sentation of it. This stage directly involves the decision-makers to be assisted and will
therefore integrate their requests first. But these requests are obviously not perfect,
in the sense that the expression of need is never exhaustive or perfectly unambiguous.
In addition, the way decision-makers express their needs could be partial, or could
improperly paint the picture of their real expectations. Second, as in the absence of
a decision-support tool, the questions selected and the objectives to be pursued by
the algorithm may therefore present blind spots, from an ethical point of view or
not. Requests mainly target short-term productive goals. As [13] stresses in particu-
lar, representing a given decision for several players, to achieve a goal selected by the
decision-makers, contradicts the Kantian obligation not to consider actors as means,
but always as ends. It can also be seen as a problematic stance, lacking the necessary
veil of ignorance [14] that is a prerequisite for any form of Justice. More broadly, this
orientation of expectations is nowadays increasingly criticised as not being socially
acceptable. As a result, analysts are supposed to consider broader issues than just
helping applicants.

Furthermore, when a decision-support algorithm is put in place, its efficiency will
have an amplification effect in the particular sense of prior orientation of expecta-
tions. However, the more effective it is on a given criterion, the greater is the risk of
compacting the solution, leading to a reduction of (considered as) unproductive time,
which in practice is used for recuperation, consultation or other purposes. As a run-
ning example, we illustrate the questions on routing problems (in italic) all along the
paper: when a unique professional is looking to build manually a distribution route for
her products, she tries to minimise the distance, but it will be difficult to explore all
the solutions to find the one that suits best and reaches the optimum according to the
considered criterion. Thus, there often still exists room at the end, in the sense that
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other criteria are not completely crushed. In that case, drivers can adapt their prac-
tice a little. On the opposite, if the demand is in this direction, an algorithm can very
efficiently reduce the distance or the travelling time. But such orientation potentially
creates work-related suffering for the driver. This general intensification of working
hours when focusing on immediate productivity is well documented [15]. In particu-
lar, [16] underlines how it could be linked with the use of optimisation approaches
and not always detected quickly or not possible to correct. A crucial topic here is:
the demand for being “hyperproductive” is an explicit demand from the client or has
been introduced without being aware of it just because we adopted a certain objective
function or a certain optimisation perspective? Ackoff [17] cites a nice example where
an optimised monetary reward function has been rejected by the workers concerned
generating conflicts, while a free time reward function has been accepted with all par-
ties being satisfied. Indeed the monetary function has been introduced only because
the analysts were thinking only in terms of monetary compensations.

This alignment of algorithms with the stated objectives of the decision-maker, as
they stem from particular interests and particular representations of the problem situ-
ation, partial and biased, also suffers directly from a lack of universalism as developed
by [13], which cannot be seen as ethical, and which was identified during the initial
questioning in this area. This has led to introduce the need to take into account the
various stakeholders when designing algorithms that analysts have to be aware of, in
order to lead properly the discussion [18, 19]. It shows just how important it is for
the analyst to take into account different points of view and balance potential effects
when formulating the problem to be addressed. Given the efficiency of tools based on
scientific principles, part of the responsibility that used to rely on the decision-maker
is shifting to the analyst, as a professional in the field of decision support.

2.2 Analysts and normative ethics effort

Algorithms produce reproducible processes which, for the same input conditions, have
to recommend the same result. Thus, they have to follow the rules that are prescribed
and designed beforehand. This formal work is what makes the decision support system
relevant for saving time and making practices more efficient in the general case. This
step is carried out by any person working on the design and development, whom
we call by the very broad term of analysts as mentioned before. For the previous
reason, analysts are expected to put in place a process that respects justifiable and
reproducible rules or principles, established long before real situations of use. If we
focus on the ethical analysis in the strict sense of the term, the reflection is also carried
out in advance of the usage phase, in order to consider the general case and set rules
or principles to stick to. Thus, while the analyst takes on a part of responsibility
and ethical vigilance, this can only be done on a theoretical level, based on defined
rules extracted from practice but not dedicated to each direct real problem situations.
That is why it relates only to the level of normative ethics, which can be defined as
a theoretical study of ethical behaviour to investigate questions regarding how to act,
in a moral sense. This level of thinking has to be distinguished from applied ethics,
that considers the practical aspect of ethical considerations and will be discussed in
the following.
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There are a number of points to bear in mind here. First of all, while the expressed
request may include a particular orientation coming from the decision-makers, the
formulation of the problem may also be oriented by the representations of the analysts,
who have their own visions of the context, and their own values, which are difficult to
overcome. This obviously constitutes a limit to the supposed neutrality of the decision
aiding process, and therefore of the algorithm that will be produced.

Secondly, this work of developing algorithmic treatments also has axiological limits,
intrinsic to the scientific field: to be effective and valid, methods must be based on
properties and hypotheses that must be guaranteed, which is not always possible in
practice. Sometimes we may perfectly describe what we want to have as a procedure
but do not know any technical way to achieve it. Considering Arrow’s theorem [20],
we know for example that it is impossible to aggregate voters’ preferences, respecting
universality, unanimity, independence and absence of dictatorship. Thus, in practice
we cannot for example build a voting system that will always produce a winner and
that cannot be manipulated [21]. Thus, we have to make trade-offs or choices: rely
upon the Borda method, or on a two-round voting, but without guaranteeing the
absence of manipulation, and this leads in raising ethical issues.

Sometimes, we have to face practical infeasibility: the complexity of the algorithm
chosen could lead to prohibited computational time, or it requires data we do not
have access to. Consider the case of constructing a driver’s tour. As the only exact
approaches we know are exponential in time, it can take too long to find the best
solution in some large real cases, so we focus on solutions close to the optimum, that
have to be reached using relaxations or approximations that are based on techniques
relying on the analyst’s own expertise. Those technical approaches and their limits can
take a back seat to the ethical norms that we might have wanted to respect.

To these limits, we can also add the problem of the ’law of the instrument’: When
you have a hammer, it’s tempting to think of everything as a nail [22]. The analysts
have acquired expertise in many classic decision problems, as well as in algorithmic
approaches to solve them, so they will have a certain tendency to refer to this previous
knowledge when answering a new problem. If analysts work on combinatorial optimi-
sation, everything tends to be a combinatorial problem. When a decision-maker wants
to build the ’best’ vehicle routes, analysts often tackle the problem by looking for the
routes with the shortest distance or minimum duration, which are classical objective
functions to evaluate the ’utility’ of a solution. It is much rarer to take into account
the place where the driver wants to take a lunch break, despite the fact that this is an
issue of interest and so could constitute an element of ’utility’.

This point is in line with the expressed concern about taking stakeholders and
consequences the analysts have to take into account during the analysis phase. Never-
theless, the tools are designed for generic cases and are based above all on the expected
regularity. This directly prevents treatments to consider the uniqueness of each situ-
ation. This respect of arguable rules is the reason why we can speak of a reflection
essentially at the normative - or theoretical - level, under the responsibility of the
analysts, in order to frame as much as possible the results, but also leads to potential
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framing effects of what is called ’invisible technologies’ [23]. Thus, they have to ques-
tion lots of dimensions we have just mentioned. But this cannot address every issues
that may occur in practice, as we want to develop now.

2.3 Decision-makers and ethics in practice

Such generic treatment always becomes a source of potential undesirable effects, when
circumstances change, without this being reflected in the input data, which transcribes
the information that was thought necessary at the time of design. In real-life problem
situations, there are always unforeseen events that occur and call for a rethink of
the treatment, where theoretical ethics reaches its limits in the face of unbridgeable
exceptions or contradictions. This is where practical ethics must take over.

However, in terms of practical ethics, something remains impossible to transfer
to the analyst specially because it cannot be formalised with rules or captured with
statistics. Indeed, the decision-maker (we previously define as the one who makes the
final decision with the help of an algorithm), who is the problem expert in charge
of the action to come, is by definition the person who has acquired something like
practical wisdom, in Aristotle’s sense [24], an on-the-ground knowledge of the prob-
lem. Unlike the analyst, these decision-makers have had recurrent experience of the
problem situation for which a support tool is to implement. The decision-makers are
therefore aware of a range of borderline cases, exceptions, difficulties and conflicts, that
the analysts cannot all identify during discussions and model. The decision-makers,
confronted with some of the affected stakeholders, such as the driver in the given
example, have already received feedback and noted possible difficulties. They have
also already tried out different types of response and can assess many of the conse-
quences, whether desirable or not. In a given situation, these decision-makers can rely
on resources based on practical knowledge, not always theorised, but effective and
adapted to the situation. And they mobilise this knowledge to arbitrate on the action
to come in the decision moment: what might correspond to a form of practical ethics
cannot therefore be fully transferred to the analyst upstream of use.

This leads here to highlight an initial line of responsibility sharing between the
decision-maker (who is making a decision with the help of an algorithm), as an expert
in the practical situation, and the analyst as an expert in decision problems. It can be
argued that exchanges between these two parties enable mutual knowledge and infor-
mation sharing. The fact remains, however, that dividing up responsibility necessarily
complicates the analysis of the issues and the way they are taken into account, and
even leaves certain cases or disputes outside the scope exchanges deal with, each one
believing it to be within the supposed scope of the other, but in fact in an undefined
area.

2.4 Global issues

The analysis and consideration of stakeholders, which is discussed in the literature,
also mentions wider issues, particularly at the social and ecological levels, for those
directly affected but also for future sustainability (see for example [25]). Such an
analysis obviously goes beyond the practical reflection that can be carried out by
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decision-makers on a daily basis. At the scale of the creation of a single delivery tour
for a supplier, who is subject to an injunction of profitability, how is it possible to grasp
in a relevant way the issues of the territories impacted by the traffic, or the ecological
issues of carbon-based transport? It is reasonable to assume that this goes beyond the
knowledge and power of the decision-makers. Some discussions [26, 27] question it in
the scope of what OR should address. Nevertheless, such issues are becoming more
pressing with the spread of algorithms, without being solved. We argue that it is even
becoming worst, because in fact analysts do not have real means of action. That high
level issues will be discussed in part 4, as the effects of mass use are even more far-
reaching, whereas decision support limited to a single decision-maker or single sector
of activity, as mentioned in part 3, primarily affects the players in the sector and their
relatives (just as driver’s relatives may be affected by the driver’s working time or
fatigue).

3 Automation

Despite any reservations, algorithms and decision-making supports may be a real time-
saver in many context. In addition, the systematic treatments produced, based on
scientific foundations, tend to suggest that they are easier to frame and justify in a
rational way than human decision making. These are the reasons why they are more
and more deployed, leading to the use of a unique algorithm for numerous decision-
makers. On the one hand, more and more processes are being automated, and on
the other hand, more apparently comparable decisions are being automated using the
same algorithms. No matter the different paradigms that could be involved, it may
lead to different issues, in particular it could reduce or threaten the user’s agency and
have to be questioned regarding to the normative effect. This has a number of effects
on the responsibility of the actors involved, which are outlined in this section.

3.1 Decision process components

Several taxonomies on automation have been proposed [28]. It leads to distinguish
three theoretical components of the decision-making systems: the first one is the mod-
erator, that supervises the decision-making process and makes it moving forward; the
second one is the generator, designed to analyse data and build feasible solutions; the
last one is named decider and is in charge of making the final decision, among feasible
ones [29]. When there is no automation, the moderator corresponds to the moment a
problem situation is identified (such as ’distribution tour is not satisfying’ ) and turns
into a clear question on a given perimeter (e.g. ’How to build the driver’s tour in order
to serve every client in a day?’ ). Concerning the generator, when handcraft decision-
making is done, it deals with the moment where different solutions are created and
evaluated for comparison, which sometimes leads to reframe the first question, in case
where no satisfying solution can be found. Finally, the decider step corresponds to the
election of a given solution, among discovered alternatives, for action.

Each one of these three components may completely rely on the human agent
(without any automation) or on a full automation and so the human agent does not
have the hand or any veto. Between these two extreme positions, the ’human in the
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loop’ part could result in a system ’mixed but more human’ or ’mixed but more
automation’, or it could be equally shared. As [30] discussed, the equilibrium is far
from being possible to reduce to the question of when to defer difficult decision steps
to human sensitivity.

3.2 Normative difficulties

These different components are more or less intertwined in a decision-making pro-
cess that relies entirely on humans. To automate the process, each stage needs to
be clarified, and many choices need to be made before use. The higher the degree of
automation expected of the components, the more the analysts have to make prior
trade-offs to automate processes, i.e. not to require any human intervention afterwards,
and to depend solely on pre-established parameters. This parametrisation is often
wider than optimisation methods’ parameters, in a complete Automated Decision-
Making System, that is a clearly channelling process. Once done, the scope and format
of the input data or the method of exploring solutions cannot be questioned again for
each run, since this would mean repeating potentially the entire analysis and therefore
completely disregarding the expected time savings. This automation and the result-
ing initial parametrisation may first be seen as a change of scale compared with the
development of a targeted algorithm for a single decision, but there is in fact a change
in the nature of the process which has many consequences.

Indeed, when the same algorithm has to be designed for many different uses - and
therefore many different decision-makers, since keeping human in the loop is still in
force - it would be necessary to integrate the expectations of all of them on all known
cases. It soon becomes clear that this is impossible in practice, for a number of reasons.
The first one is linked to the inevitable disagreements between the decision-makers
concerned on the way to model the situations addressed and on the principles to be
followed in their practical implementation. No matter how much they know about each
other or how much time they devote to building a compromise, convergence cannot
be perfect, nor can it be perfectly transcribed by the analysts.

In addition, thinking through the compromises to be done in each case and for each
problem situation would require time that is difficult to limit, and which increases
drastically with the number of participants [31]. Finally, it is impossible in practice
to bring together all the users of a decision support system, who will be the decision-
makers. When the system is created, there may already be too many of them, or
they may be too dispersed, so they are only represented by pilot groups or persona.
Subsequently, the tool can also be made available to decision-makers who were absent,
because they have not yet been recruited for the functions concerned, or because the
scope of deployment is increasing.

Regarding the analysis, some of the subtleties specific to each decision are thus
aggregated. Different ways of arbitrating cases can thus become undifferentiated, and
analysed at a more general level. The approach adopted to analyse a very large scope
is necessarily done at a higher level, not even close to the finesse required to integrate
ethical issues perceived by the various players (such as drivers). It is in fact often
difficult for analysts to capture or bring out rarely formalised processes from the
practice of a decision-maker, but this becomes worse when there are many of them,
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and when they have distinct habits, contexts or actors to consider. The gap between
prescribed work (or the description that can be given) and real work, which is never
entirely reducible [32] for anyone including the decision-maker, also carries an ethical
dimension, which seems impossible to grasp, especially when the analysis remains too
far from the ground.

3.3 Practical experience

These difficulties, which are specific to the analysis stage, lead to the production
of highly standardised treatments, whose variations are often limited in the face of
exceptions and special cases. The effects of this standardisation on work have been
widely discussed since the work of [23]. We can thus see various elements showing
that the use of digital technology is changing the relationship to work and so directly
influencing decision-makers on practice. As a result, practical experience of ethical
issues is also changing. Despite the regular confrontation with each unique case, the
space for reflection remains restricted by the previously framed process, which modifies
the means of analysing the issues in stake, i.e. on the level of practical ethics that the
analysts could not address.

Decision-makers, who are often kept in the decision-making process to act as ethical
guarantors, are both guided and constrained by pre-customised parameters. On the one
hand, the recommendations that have been constructed to save time and guarantee the
stability of the decision encourage them to make a particular type of decision without
mobilising a great deal of questioning. On the other hand, the formatted interface
and pre-established rules can inhibit the creation of exceptions and differentiated
treatments even when decision-makers might wish to do so. As a result, there is little
room for in-depth reflection on the issues at stake, and little opportunity to acquire
direct ethical experience. When moving from an untutored problem situation to the use
of a decision support, we can even postulate that there is a loss of ethical sensitivity.
In the same way that we speak today of professional deskilling in the face of tools,
we can underline a loss of ethical skill, which tends to make the decision less sharp.
From this point of view, the use of decision aids seems to be in direct contradiction
with the practical experience highlighted by Aristotle in the ethical reflexion [24].
Experienced decision-makers gradually lose the ability to carry out a detailed analysis
of the decision on their own, and more inexperienced decision-makers are unable to
do so for the same reasons. In this way, we can speak of a global ethical deskilling, the
risk of which is obvious. If all the transport departments in a given group are faced
with the same route planning software, with functionalities based on a more or less
aggregated representation, it will be difficult for each decision-maker to take account of
the different social and cultural contexts in order to protect each driver from various
prejudices, sometimes not perceptible via the tool.

Over and above the individual limitations of direct confrontation with situations
that a digital tool can only provide an incomplete representation of, there is also a
collective issue in terms of ethical skill. Indeed, the decision-makers as a whole, aided
by the support, apprehend the decisions to be taken only or mainly through the tool.
They perceive the issues and potential solutions not through direct experience, but
through the representation used during the design phase, which has partially fixed the
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dimensions and parameters. However, when it comes to ethical issues, as elsewhere,
many difficulties arise from primitive unthinking and emerging situations, as we said
in the previous part. Because they are guided in their practices by the tool, decision-
makers are unlikely to detect necessary changes in the model, whether these are linked
to a gradual evolution in the decision-making environment or to the appearance of
black swans [33]. Even when changes are detected by one or more decision-makers,
they are not, or little, discussed, and are therefore too rarely the subject of a new
formalisation or a revision of the model in place within the support. It leads to a great
difficulty for new structured knowledge to emerge and be taken into account. On the
example dealing with drivers’ tour, we could say that despite the many testimonies,
and the formal work now accumulated on the social isolation of lorry drivers, which has
increased with the introduction of digital management systems, this is not the subject
of direct adjustment levers in most of the software made available to decision-makers.

3.4 Supporting practical wisdom?

Of course, this type of apparent lack in the tools is primarily due to their prior ori-
entation, as we emphasised in the first part. Decision support tools are built around
dominant representations and expectations, particularly in terms of optimising lead
times and costs, which leave little room for other aspects of organisation. Faced
with these incentives, which often relay productivist expectations, it is difficult for a
decision-maker to maintain or develop an autonomous stance in integrating the differ-
ent levels of challenges. Despite the desire to keep a human element in the loop, the
tool leads to shape the way they exercise their responsibility. Here again, the decision-
maker’s responsibility appears to be subject to that of the analysts and the choices
they make. However, as we said, the analysts are not directly involved in the deci-
sions to be made in situ and do not have the practical experience of the professionals
mentioned above.

The grey area between the responsibility of some and that of others seems to have
increased. Besides, it is not easy to remedy the situation. In order to prevent a form of
deskilling, elements could be incorporated into the design to encourage the decision-
maker to carry out a more in-depth analysis of the recommendation produced on
different dimensions. However, to do this we would need to rely on data that is often
qualitative in nature (isolation or fatigue, for example, are difficult to quantify), or
even difficult to qualify and transcribe because it is directly linked to human percep-
tions (unfairness between drivers, for example). In addition, decision-makers should
undoubtedly be allowed to explore solutions outside the framework, in order to feed
their experience as well as their capacity to create alternatives. From this point of
view, the underlying paradigms, specific to time saving and the definition of expected
efficiency, or the priority given to ethical issues, need to be reconsidered. A great deal
of work is being done on flexibility and ways of giving the decision-maker back con-
trol at key stages in the process or in response to alerts that need to be defined. For
more details on such interactive methods, we refer to the analysis proposed by [34].
Unsurprisingly, however, these aspects are often in conflict with automation, which
is supposed to guarantee the stability and transparency of the process, as well as its
speed. Besides, the construction of compromises of this nature is not obviously aligned
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with widespread dissemination, and should remain focus on a well-studied and limited
perimeter, such as proposed by [35].

Finally, it should be noted that any mechanism, such as interactive optimisation
methods, designed to place decision-makers more firmly in their position of responsibil-
ity when using automated support systems (or just trying to avoid ethical deskilling),
increases the occasional risk that these decision-makers’ agency will not be in line with
the ethical issues initially identified. The reason is because they might take a differ-
ent approach to their responsibility than the one imagined by the analysts when they
designed the proposed framework. The existence of such different perspectives cannot
be handled quantitatively as we do in multi-criteria decision analysis (MCDA). Any
MCDA model should be considered on its turn under the real ethical dimension of
the decision. If design is done to integrate different indicators on fatigue, or drivers’
preferences while computing tours, a final user, who is the considered decision-maker,
may prefer to pay attention to other criteria according to a real situation. Indeed, it
is impossible to guarantee at the design stage an ethical framework for all the effects
of using a decision support system in any cases. Moreover, to rely exclusively on the
individual and professional responsibility of the decision-maker is also to run the risk
of generating unforeseen or undesirable effects, despite an ethical vigilance, because
of the delicate dimensions specific to decision aids, raised in the section 2.2.

4 Massification

Beyond automation and tool replication within a given structure, we see more and
more digital tools that are being massively deployed. Many decision support tools now
exist and are available to the general public. The aim is to give as many people as
possible direct access to services. The platforms set up to make it easier to consult the
population, book medical appointments, pay taxes or apply to university, for example,
are designed to democratise services, helping people to have new choices, participate
to more debates. This is not just a change of scale. Such platforms are designed for a
very large number of users, who will have a variety of uses, in very different contexts.
What’s more, when they are widely distributed, the cultural and social contexts to be
considered can be completely different. It should be added that the expectations to be
taken into account cannot, of course, be discussed with all the potential stakeholders.
There are too many of them, and many cannot be identified at the design stage. This
ties in with the profound difficulties in establishing the standards to be included in the
tool, as mentioned above. However, this difficulty is not enough to explain the issues
that are now widely denounced.

4.1 Decision-maker at the helm?

The algorithms proposed for recommending products or itineraries, for example, are
based on decision support approaches. Many people use them to save time on issues
that do not necessarily fall within their professional perimeter. As in previous cases,
they cannot be assumed to have sufficient knowledge on the axiomatic bases and per-
formative effects of algorithms to grasp the issues at stake, but in addition here, they
can no longer be assumed to have the practical experience to measure the ethical stakes
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of the decision to be taken. With little - or no - dedicated experience or knowledge
of the potential impacts, users, who do not always see themselves as decision-makers
whose responsibility is at stake, do not necessarily have the reference points to ques-
tion their own use. Unlike professionals, they have a priori no practical wisdom to
draw on, and obviously no professional code of ethics to draw on when making their
decisions.

In addition, professional decisions generally directly involve several players (service
users, professionals involved, etc.), identified by the decision-makers. In the case of
personal use, this is not systematic. More generally, there is not necessarily a circle
in which the first direct issues are discussed, as was the case with the drivers in
the given example. What’s more, the nature of the issues regularly raised is not the
same. It is no longer a question of a professional decision for others that is potentially
unsuitable and reviewable by the decision-maker who is trained in this issue (as a
judge is capable of looking critically at an automatically suggested sentence, or just
as a transport manager can review the planned distribution). Conversely, in the case
of use by the general public, decision-makers generally do not have sufficient means
of analysing the complex issues involved in their decision. Many of the issues involved
are not directly visible or analysable. For example, until it had been in use for several
years and various studies had been carried out, it was impossible for any individual
to measure what is the result of the stacking effect of decision supports, but they are
in fact numerous. Just as few examples, we may consider all the regional impacts on
roads, cities or rentals, because the way we travel or do tourism drastically evolves [36].
It was only after a significant amount of news stories and formal studies that usage
trends showed their impacts over a very wide circle. Only a huge number of people
who consider relief routes proposed by navigation tools generates a stacking effect and
so troubles for local residents, which eventually require costly improvements [37].

On the other hand, there are effects which are detrimental to the decision-maker
himself, threatening his autonomy in particular: excessive data collection, nudge, alter-
natives not presented, and so on. There may be various reasons for this, which we
will mention below, but these problems cannot be directly questioned by the decision-
makers, since it is precisely their own agency and capacity for analysis that are reduced.
Not only can we therefore establish that decision-makers’ responsibility is de facto
limited in the context of use, but in fact we could even go so far as to question the
term ’decision-maker’ itself for these users.

4.2 Specific Design issues

During the design phase, several points should be noted. As mentioned, not all
’decision-makers’ can be heard, and not all their potential uses have been identified.
As a result, analysts cannot rely on a clear, stable and unique definition of needs as in
a professional context, or on the formalised expertise of a decision-maker with whom
they can interact. The analysts must therefore understand the need and refine the
solutions proposed by other means. However, a specific advantage of mass distribution
lies in the number of uses for which data can be collected, enabling both an analysis of
the behaviours and a more detailed description of the decision-making environment. In
the case of route planning, for example, it is possible to understand habitual journeys,
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as well as establishing the traffic conditions that need to be taken into account when
calculating journey times in real time. There is a key issue here in terms of the effec-
tiveness of the service offered, which in a sense justifies this functionality in the name
of the decision-maker’s expectations. However, collecting data on the decision-makers
themselves, and potentially influencing -or nudging- them, can be seen as detrimental
to them at the same time.

More generally, analysts are faced with a poorly defined problem and an infinite
number of potential uses. They are therefore faced with the challenge of finding ways
of setting a framework within which to develop the search for alternatives, and at
the same time curbing any excesses that might arise. Use is therefore more and more
framed by limited parameters, by possible prohibitions, or by suggestions to guide
thinking (the driver cannot choose the planned speed of his vehicle, for example). This
serves both to simplify day-to-day use and to limit the risks of hijacking or misuse.
The algorithms are also designed for standard everyday use, allowing users to search
standard solutions. Decision-makers may search for a shorter route, for example, but
do not take into account additional side dimensions (driver fatigue, scenic beauty,
quality of stops, local residents affected by traffic, etc.).

To make the algorithms effective on such classical criteria (distance and time usu-
ally), secondary objectives are used. We call secondary objectives any measure that
is used to guide the algorithm or make intermediary steps run in a given direction,
such as gathering as much data as possible or clustering paths into limited sets to find
the shortest path more quickly. These secondary objectives are not necessarily aligned
with the original need of the user [10]. In extreme cases, this can even be prejudicial,
for example if the use of data to infer behaviour reveals elements of private nature.
Analysts are therefore in direct contact with palpable ethical issues here, but reducing
or redefining secondary objectives often directly threatens the response to the primary
objective, or the safety of use itself, and it is therefore generally a utilitarian trade-off
that is made, within the framework defined by the laws. This arbitration is based on
the use at the centre and the assumption of these supposed superior positive effects,
which should in fact also be questioned for a real ethical analysis.

What’s more, this ethical questioning, which relies on the analysts, is not at the
same level as the question of use itself. The aim here is not only to measure the
direct impact of the decision and the action to come (does the proposed road meet the
expected safety and relevance criteria? ), but to assess the impact on the knowledge
and agency of the decision-makers in their decision-making, or to assess the over-
all effects (generating unplanned traffic on unsuitable roads, for example, leading to
regional development needs). Whether we are talking about the psychological effects
on the decision-maker or on other impacted users, or whether we are talking about
social effects (occupation and use of land) and environmental effects (pollution, soil
artificialisation, etc.), it appears that analysts are also faced with issues beyond their
technical and theoretical skills, for which they have little or no training. Like decision-
makers, they therefore often have a construction based on dominant representations.
Such general representations only change with a long delay, as when dedicated research
establishes the extent of the impacts and a new knowledge is disseminated.
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In theory, we would like all these tools to focus on the common good, going beyond
the immediate interests of the decision-maker or any provider, but this is a political
issue. Analysts are neither trained or skilled nor mandated to deal with political
issues. The fact that we are collectively aware of a large number of shortcomings
or inconsistencies in our expectations does not allow us to establish a clear public
response. Thus, the practical issues are delegated to the level of analysis, in the hope
that technical skills alone can produce the fair society we expect. However, this does
not take into consideration the fact the analysts on their turn are subject to the
same questions and controversies, do not necessarily hold a common vision about the
society and what a fair society should be. Expecting that a technical solution will
settle a political controversy means concealing the social controversies behind it and
the political responsibilities of who is supposed deciding. At the same time any results
produced using such technical solution will have political consequences, for which the
analysts become de facto co-responsible, as if they had to assume a political mandate
that once again they do not have.

4.3 Principles and regulation

Works on the regulation of massive algorithms has therefore emerged, with several
objectives. First of all, there is an important need to regulate their use in order
to avoid piracy and misappropriation with serious consequences. This expectation is
generally considered to exceed the loss of autonomy for the decision-maker, and is
therefore increasingly imposed on analysts. In addition, there is a certain consensus on
restricting the means of action of the analysts themselves, prohibiting the harvesting
of certain types of sensitive information or other problematic practices. The AI Act
[38] is the most recent example trying to deal with that. Some of these elements then
fall within the scope of detailed legal regulation, dedicated to the protection of players
from individual, commercial or other harmful effects. Nevertheless, it is clear that we
are just facing the beginning of such considerations to guide developments. But even
if at the end it provides a complete framework people will have to rely on, regulation
could not directly be considered as an actor to share the responsibility with.

However, there are also a number of principles, which can be adapted by field of
application, by territory, or at the discretion of the analysts. Here we could meet what
early OR questioning reveals. This creates a level of ethical reflection that is placed
above the analysis in order to represent the political issues and global expectations
that frame the technical orientations analysts may consider. Since the last years, we
can find numerous works on AI ethics principles. In [39], authors highlight five general
principles commonly used: beneficence, non-maleficence, autonomy and justice - that
are already introduced in bioethics - and explicability. As [40] has established, there is
an obvious risk of ethical washing, as these principles are often generic and difficult to
define without conflict with other values. There is therefore a risk that everyone will
adopt the definition that is easiest for them, without really addressing the underlying
issues. One might thus think that this Principalism, which is being put in place with
different variants, is of very limited use in practice. However, this global approach,
potentially involving society as a whole, offers at least two different avenues: As it
has been done for proven and unacceptable dangers, it is entirely possible to feed into
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legislation formally prohibiting certain practices, and thereby guiding or framing the
work of analysts.

In addition, it is not uncommon for analysts to find themselves faced with ethical
issues for which they are in the front line in the construction of models, without hav-
ing the relevant resources or knowledge to mobilise. In the same way as professional
decision-makers require a level of reflection of the order of practical ethics, it is con-
ceivable that analysts will gradually develop professional expertise, enabling practical
ethical reflection, dedicated to massive algorithm design. To this end, the principles
argued in the literature are an essential knowledge base to be mobilised and confronted
with ’on-the-ground’ reality during modelling. In the same way that the medical pro-
fession trains its staff and promotes its own ethical reflection, albeit in relation to the
conceptual knowledge on which it is based, the training of analysts cannot do with-
out this first level of general principles, to be constantly developed and questioned in
practice. Just as an example, keeping non-maleficence as a core goal while developing
any applications may prevent analysts from sludging users.

This is a necessary first step: for analysts to understand and appropriate the prin-
ciples under discussion, and the reasons why this vigilance is necessary in the face of
risk. This brings us back to the establishment of ethical principles, and the training
of analysts, which were already being discussed by the pioneers of OR [17]. Neverthe-
less, massification is raising far greater issues, and at a speed never imagined before.
The use of algorithms, like all technoscience, has deeply altered human power to act,
amplifying it drastically. The stacking effects of individual actions we already men-
tioned, and the unpredictable long-term consequences make the individual subject who
is supposed to be ’responsible for his actions’ an inoperative framework for analysing
responsibility. Months after design and analysts’ work, it is now possible for anyone to
use their phone to plan a journey thousands of kilometres away, then to rent a place,
adding to all the behaviours that are changing cities and drastically increasing prop-
erty prices, but also pollution, creation of roads or long-haul routes, and ultimately
changing the behaviour of everyone, even if they are not direct users [36].

This is why the reflection and structuring of expectations at institutional level,
the numerous academic studies and the potential increase in analysts’ skills are not
enough. The ability to contain the effects is out of all proportion to the scale of
those effects. As [41] has widely argued, in the face of this unprecedented power to
act, the foundations of classical ethics are being called into question. The Imperative
of Responsibility refers in particular to the skills and knowledge to be mobilised, in
addition to ethical reflection itself. Here, we have mentioned individual psychological
issues, societal issues and environmental issues. It is therefore in each of these spheres
that knowledge is needed to approach the possible consequences and thus channel
human power to act. And while analysts are in the front line with their own knowledge
of models and algorithms, they cannot be the only ones to take the lead and it is
certainly far from providing a complete respond to give them the sole mandate to
arbitrate on so many choices, with such far-reaching impacts.

Analysts are directly involved when designing methods, because they choose,
willingly or not, the non-neutral way they encapsulate principles or standards in algo-
rithms. The fact that they have to answer for their decision on the way to make it
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enforces to think about how to justify and amend procedures if needed. Nevertheless,
uses to come do not involve them directly and cannot be fully imagined. That is why,
users - decision-makers - also always bear a part of responsibility. But it can’t be the
only responsibility of each decision-maker to carry out on his own the full analysis
every time an algorithm is used, since their practices are framed by previous choices
and norms.

Even if it is difficult to define the perimeter of each actor’s direct responsibility, as
we have tried to do here, the uses and their consequences are in fact the responsibility
of all those involved, in an attempt to grasp the whole picture and the issues at stake.
So, it is essential for everyone to capture the stakes and try to address these issues on
each given perimeter. It means for each potential use trying to explore, to imagine the
worst, to call on knowledge that is useful for understanding and anticipating, trying
to fully exercise one’s responsibility for future actions, since the moment we are using
such powerful tools. But any design, any use are also coloured by habits, cultures and
the whole environment, and we know that consequences also come with interactions
and stacking effects to grasp in the whole picture. So, at the end, it relies on the global
society. As the consequences come with the collective, it is first of all at this level that
limits need to be found and where individual responsibility is diluted.

5 Case study

Trying to increase awareness on issues and how it is linked with scientific and technical
considerations, a case study, built together with Christine Solnon, has been proposed
to all the participants of the Summer School2 dedicated to responsibility of algorithms,
that held in 2023. Based on their personal knowledge on navigation tools (as Waze
or Google maps), participants were invited to think about what could be a new tool
with deeper ethical considerations, as an empirical inquiry taking place over several
hours, which could be seen as a first step of designing research case study on ’how to
integrate ethics’ in the sense of [42]). Another way to say it: The idea was to work on
possible ethical questions to tackle in the analysis and design phase of a massive tool.
This study has begun by discussing the article written by Cardon and Crépel [36] who
mention many dangers and impacts of navigation tools on territories, behaviours and
stacking effects.

Navigation tools are based on well-know approaches aimed at solving the shortest
path problem under different settings of available information and type of demand.
From a technical point of view the problem is extensively studied [43]. Results around
temporised-graph are to be considered for a real-time computation of travelling time
[44]. The case study focused on additional questions to consider around impacts, and
the reasons for which responsibility could be hard to carry during the design of a tool.
In the following we present different issues discussed during the exercise or after.

1. A first issue deeply discussed was dedicated to data collection, that could threaten
privacy. Alternatives have been explored, using satellite images or phone signal

2Ecole thématique du CNRS ’Responsabilité des algorithmes’, 2023. url :
http://gdrro.lip6.fr/?q=node/297.
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aggregation to identify traffic jams. This raised a big question on the likely cost of
balancing a lower level of individual data collection, if chosen.

2. Many exchanges have been around the stacking effects and impacts: in particular
forced urban development to face traffic and environmental pollution coming from
vehicles. Many solutions were explored to limit or nudge individual behaviours, by
enforcing users to car sharing, co-modal travel, or shared-use vehicles. Channelling
the possible routes to prohibit passing through high-density areas, or in front of
schools and other sensitive locations, was also an option considered, which could
be of interest to certain cities currently disrupted by traffic changes [37].

3. The wider issue of limiting travel as a whole in order to reduce pollution and energy
consumption was also explored. Most important principles or values to consider
were obviously not the same for every participants, and so could change technical
choices to make. Debates has made appear many social considerations behind trav-
elling assistance, and have largely shown how algorithms design actually involves
analysts as full-member citizens that they are.

4. A last point is related to the technical dimensions studied in computer science cur-
ricula. An important objective is to consolidate the understanding of shortest path
algorithms (A*, Dijskstra) by modifying the problem and studying the properties
that are or are not preserved. These modifications are the addition of the time
parameter when crossing an arc, which does not allow to preserve the optimality
property of the sub-problems. Then, the FIFO (First in, First out) property, which
is natural in practice since it indicates that entering a route later means arriving
at the exit later, restored this property but obliged the students to understand the
algorithm and its proof and to adapt them.

The discussion between these technical questions and the ethical issues led to very
reach debates. It allowed to make appear how technical and ethical consideration
could be intertwined and it increased awareness of participants on hidden political
challenges. Discussions have also brought the deskilling question through difficulties
Inuits now have with orientation because of such tools [45]. Finally, the discussion also
gave very interesting avenues on how to extend such exercises to training courses for
computer scientists and engineers, leading them to higher critical thinking. This study
is now also offered to computer scientists [46] as part of technical courses on shortest
path algorithms (such as in Operations Research courses in Université Grenoble Alpes
or in a course on Algorithms and Artificial Intelligence at INSA Lyon.)

6 Conclusion

Although algorithms and decision support systems are valuable allies for fast, repro-
ducible and effective decisions, they may also have deep harmful effects, direct or not.
For that reason, it is an important question to search for ways to ensure liability. If
humans are the only being capable of ethics [41], analysts, in the broad sense of the
term, and decision-makers, who use decision-aiding tools, are the first candidates to
consider as morally responsible. Nevertheless, in that paper we discussed different lim-
itations that decision-makers and analysts are facing to assume full responsibility on
there own but also for both of them together, leading to a dilution of responsibility
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which explains many difficulties. We show specifically how modelling is not just a tech-
nical question. In fact, we all have to assume responsibility as users and stakeholders,
since massification results in cumulative effects that are far from being foreseeable. An
important point concerns values or principles to apply in a collective manner. These
depend on the whole society, at a political level, so debates and responsibility are to
consider at this given level. There may be issues and potential impacts on individual
critical thinking and agency as well as on wider external perimeter, but the ability to
be responsible does not increase accordingly to this impacted perimeter, for any single
actor.

Global knowledge is currently increasing about potential harm, far beyond what
first OR practitioners knew, and confirms that awareness of analysts is mandatory [11]
but this awareness alone does not ensure a better result. Even the global awareness,
more and more developed, that leads to elaborate principles, guidelines and thresholds,
does not ensure harm or any detrimental effects will disappear. We are facing creations
with a level of impact bigger than recourse possibilities. In one word, we are deploying
uncontrolled devices to unprepared uses. In view of this, it is not only necessary to
discuss the ethics of algorithms, or of the people who build and use them, but to accept
the fact that we need to integrate this reflection, this perpetual questioning, at every
stage, and on an ongoing basis. As we said, ethics includes the perpetual - individual
and collective - reflection on what makes a given decision acceptable or even desirable
in the light of higher dispositions, values or ends. So, the moment a process becomes
automatic, massive and blindly used (i.e. without any further reflection), there is no
more ethics.
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