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Abstract

Traditionally, the goal of mechanism design was to promote
socially desirable behaviour of rational agents, to achieve
fairness, or to promote efficiency. I would like to suggest
a new subfield of mechanism design, Responsible Mecha-
nism Design, focused on achieving individual accountability
of agents for their contributions to the outcome of collective
decisions.

Why Now?

From ancient democracies to the AAAI paper reviewing pro-
cess, humans have long participated in collective decision-
making, and just as long, they have assigned blame when
outcomes go awry. Yet the mechanisms we use to make such
decisions remain remarkably primitive. Most reduce to vari-
ants of majority rule, consensus, delegation, or fixed hier-
archies of power. This simplicity is not accidental: humans
tend to avoid mechanisms they cannot intuitively grasp, and
our slow, error-prone communication makes complex coor-
dination difficult. As a result, there has been little serious
attempt to develop more sophisticated decision procedures.
Compounding this is the fuzziness of responsibility itself.
The final interpretation of legal responsibility is often left to
courts, while moral responsibility has become the subject of
conceptual studies in the humanities rather than mathemati-
cally grounded scientific analysis.

The situation is changing as Al agents start taking a sig-
nificant part in collective decision-making. Not only are
such agents easily capable of engaging in complex decision-
making protocols, but they can communicate with each other
much faster. As a result, for example, we should expect that
simplistic traffic-sign-based road rules designed for humans
will be replaced by sophisticated coordination protocols that
would allow self-driving cars to avoid collisions while never
stopping at intersections. Additionally, recent works in Al
introduced rigorous, mathematically precise definitions of
responsibility that can be applied to humans and artificial
agents and can also be used by Al agents to reason about
their responsibility. Those definitions can now be used to ad-
just group decision-making protocols in a way that enforces
agents’ individual accountability.
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How to Define Responsibility?

To define responsibility with mathematical precision, I first
capture multiagent interactions as games. For instance, con-
sider the following very simple road situation depicted at the
left of Figure 1:

Example 1 (two cars) Two self-driving cars, a and b, are
approaching a non-regulated intersection with the same
speed. Car a is further away from the intersection than car b.
Each of the cars has only two possible actions: to slow down
(—) or to maintain the current speed (0). If car a maintains
the current speed and car b decides to slow down, the cars
collide. No collision happens under all other action profiles.

Since I want to discuss responsibility for the crash, not
for breaking contemporary traffic rules, let’s ignore the lat-
ter when analysing this traffic situation. The table on the
right of Figure 1 captures the example as a strategic game.
Shaded cells of the table represent “undesirable” outcomes
in which a collision happens. I call this game “strategic” be-
cause I assume that both cars must choose their actions at
the same time (independently). A reader who is used to tra-
ditional games with utility functions can assume that both
agents have utility -1 in the undesirable (shaded) outcome
and utility O in all other outcomes.
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Figure 1: Two cars example.

Let us suppose that car a maintains the current speed (0)
and car b decides to slow down (—). The cars collide. Who
is to blame?

In philosophy, one of the most commonly dis-
cussed (Widerker and McKenna 2003) definitions of respon-
sibility is based on the principle of alternative possibilities:
... aperson is morally responsible for what he has done only
if he could have done otherwise (Frankfurt 1969). In recent



literature, “could have done otherwise” has been interpreted
as having a strategy to prevent the undesired outcome (Yaz-
danpanah, Dastani, Jamroga, Alechina, and Logan 2019;
Naumov and Tao 2019, 2020a; Baier, Funke, and Majum-
dar 2021; Shi 2024; Shi and Naumov 2025). In this paper, |
refer to the notion of responsibility based on the principle of
alternative possibilities as “counterfactual responsibility”. I
say that an agent is counterfactually responsible for an out-
come if the outcome happened and the agent had a strategy
that guarantees that the outcome is prevented no matter how
the other agents act. In the two-car example, both cars had a
strategy to prevent the collision: for car a, such a strategy is
to slow down (—) and for car b it is to maintain the current
speed (0). Thus, both cars are counterfactually responsible
for the collision.

Let us now consider a slightly modified example depicted
in Figure 2.
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Figure 2: Two lorries example.

Example 2 (two lorries) Same setting as in Example 1 ex-
cept the two vehicles are now lorries, which are longer than
cars. The two vehicles avoid collision only if lorry a slows
down and lorry b maintains the current speed.

Note that, in Example 2, to avoid collision, the vehicle
must coordinate their actions. None of them has a strategy
that guarantees avoiding the collision no matter how the
other vehicle acts. Hence, if a collision happens, neither of
the self-driving lorries is counterfactually responsible for it.

Let me further analyse Example 2. Suppose that, ap-
proaching the intersection, both vehicles decided to slow
down (—). In this case, the collision happens, but the two
vehicles contributed to it differently. While the action — of
lorry a left the possibility that the collision will not hap-
pen, the action — of lorry b guaranteed that the collision
happens no matter what the action of the other vehicle is.
In this situation, intuitively, it is only vehicle b that should
be held responsible. This type of responsibility is known as
responsibility for seeing to it that (Broersen 2011a,b; Nau-
mov and Tao 2021, 2023). Its properties have been studied
in STIT (“seeing-to-it that™) logic (Belnap and Perloff 1990;
Horty 2001; Horty and Belnap 1995; Horty and Pacuit 2017;
Olkhovikov and Wansing 2019). In our example, under ac-
tion profile (—, —), lorry b is responsible for seeing to it that
the collision happened. At the same time, in Example 1, nei-
ther of the two cars is responsible for seeing to it that the
collision occurs.

Counterfactual responsibility and responsibility for see-
ing to it that are the two most commonly studied modes of

39746

responsibility in philosophy, logic, and Al literature. I men-
tion alternative definitions of responsibility at the end of this
paper. In general, different forms of responsibility might be
appropriate in different contexts. In this paper, to keep the
presentation simple, I say that an agent is responsible for an
outcome if she is responsible either counterfactually or for
seeing to it.
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- - b

0|ab Olab| a

Figure 3: Responsibility allocation in Example 1 (left) and
Example 2 (right).

Figure 3 shows which agent is responsible for each un-
desirable (greyed out) outcome. Label “ab” means that both
agents are responsible.

To further illustrate the definition of responsibility, let
us consider the example originally suggested by Halpern
(2016).

Example 3 (fish) Factories a, b, and ¢ have accumulated
20kg, 10kg, and 10kg of a pollutant, respectively. They must
decide whether they drop this pollutant into a nearby river
today. If at least 15kg of pollutant is simultaneously dropped
into the river, the fish in the river dies.

Let us again consider the case when the decisions are made
independently. Note that neither of the three factories has a
strategy to prevent the death of the fish because the other
two factories, together, have accumulated enough pollutants
to kill the fish. Thus, if the fish dies, none of the factories is
responsible for this counterfactually. At the same time, only
factory a’s action + (drop the pollutant) guarantees that the
fish is dead, no matter what the other factories do. Thus, only
factory a, if it chooses to drop the pollutant, is responsible
for seeing to it that the fish is dead. In particular, if only
factories b and c drop the pollutant, then the fish dies, and
nobody is responsible for this. Figure 4 shows responsibility
allocation in this example. Action 0 consists of not dropping
the pollutant.

a 0 +
SO0 + [pSo0 +
0 Ofla|a
+ +|lala

Figure 4: Responsibility allocation in Example 3.

So far, we have only considered strategic games—the type
of games where all agents act simultaneously and just once.
My next example will be modelled using extensive form
game in which agents act one at a time. The example is based
on the real-life story: the death of Ms. Elaine Herzberg, the



first pedestrian killed by a self-driving vehicle. The investi-
gation of this tragedy has revealed that the Uber self-driving
car is designed to pass control to a human driver a few sec-
onds before the collision (NTSB 2019).
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Figure 5: Shared vehicle control between human driver (h)
and an autopilot (a).

Example 4 (autopilot) After an object appears in front of
the vehicle, the human driver (h) can stop the vehicle or pass
control to the autopilot (a). Autopilot can stop the vehicle or
return control to the human driver. In the latter case, the
human can stop the vehicle or let it hit the pedestrian, see
Figure 5.

Suppose that neither the human driver nor the autopilot de-
cides to push the brakes, and the pedestrian dies. This sce-
nario corresponds to decision path uq,us, us, v4. Note that
the human had a strategy (break) to prevent death at nodes
u; and ug. Autopilot had such a strategy at node uo. Thus,
both of them are counterfactually responsible for the death.
At the same time, only the human is responsible for seeing
to it that the pedestrian is dead. This is because the human
took the action (do not break) at node u3 that made the death
unavoidable.

My next example is modelled by a concurrent game
where some decisions are made sequentially and some si-
multaneously. The example models the launch procedure of
US Minutemen II intercontinental ballistic missiles (United
States Air Force 2024).

abort launch

Figure 6: Two Keys Protocol example.

Example 5 (two keys) Only the President of the United
States can authorise the launch of nuclear missiles. If such
an authorisation is issued, a secret authorisation code is
transmitted to the launch facility and entered into the system.
Then, two on-duty officers, a and b, must simultaneously turn
two keys located 6 feet from each other to initiate the launch.
If one of the officers does not turn the key, missiles are not
launched, see Figure 6.

39747

First, imagine that the President authorises to start a nu-
clear war, both officers turn the keys, and ... half of the
world is destroyed. This corresponds to the decision path
Uy, U2, v3. Who is to be blamed? It is easy to see that all
three parties had strategies to prevent the launch. Thus, all
three of them are responsible counterfactually. At the same
time, none of them is responsible for seeing-to-it that the
missiles are launched, because none of them took an action
that alone guarantees the launch.

What is a Responsible Mechanism?

I call the mechanism design “responsible” if it has good
responsibility-related properties. What such properties are
depends on the intended application. Below, I list examples
of such properties.

Gap

Responsibility gap of a decision-making mechanism is the
set of all undesirable outcomes in which no single party is
individually responsible. For example, recall from Exam-
ple 3 that if only factories b and c drop the pollutant, then
the fish dies, and nobody is responsible for this. We capture
this fact by not labelling with any agent the greyed-out cell
in Figure 4 that corresponds to this outcome (action profile).
Thus, this outcome belongs to the responsibility gap of the
simultaneous pollutant dropping mechanism.

At the same time, the mechanisms from Example 1, Ex-
ample 2, Example 4, and Example 5 are gap-free. Indeed,
under each of these mechanisms, if an undesirable outcome
(vehicle collision, death of a pedestrian, world distraction)
happens, then at least one agent is individually responsible
for it (either counterfactually or for seeing to it).

In most situations, a well-designed group decision mech-
anism must be gap-free. Responsibility gap has been ex-
tensively discussed in the literature (Braham and van Hees
2011; Duijf 2018; List 2021; Duijf 2022; Dastani and Yaz-
danpanah 2023; Shi and Naumov 2025).

Diffusion

The term diffusion of responsibility refers to a situation when
more than one agent is simultaneously responsible for the
undesirable outcome. For instance, in Figure 3, the greyed-
out cells labelled with “ab” represent the outcomes from Ex-
ample 1 and Example 2 in which the diffusion happens.

The diffusion of responsibility also happens in outcome
vyg of Example 4, see Figure 5. This is because, as we dis-
cussed earlier, the autopilot and the human driver are both
responsible for that outcome. The diffusion of responsibility
between all three agents, the President, officer a, and officer
b, happens in outcome v3 of Example 5, see Figure 6.

At the same time, no diffusion of responsibility happens
in any of the undesirable outcomes of Example 3. Each time
the fish dies, it is only factory a who is responsible, see Fig-
ure 4.

Diffusion of responsibility has been studied in social sci-
ences (Mynatt and Sherman 1975; Forsyth, Zyzniewski, and
Giammanco 2002; Liu, Liu, and Wu 2022), law (Iusmen



2020; Rowan, Kan, Frick, and Cauffman 2022), ethics (Ble-
her and Braun 2022), and neuroscience (Feng, Deshpande,
Liu, Gu, Luo, and Krueger 2016). Generally speaking, diffu-
sion is an undesirable property of a decision-making mech-
anism that leads to “circle of blame” and “bystander effect”.

Fragmentation

Example 6 (postdoc hiring) [ finally got funding to hire a
postdoc to do research in Al Ethics. Eight candidates ap-
plied for the position, many of them have a background in
Ethics and Al. Alice and Wendy have a background in both,
see Table 1. Not having enough time, I asked my assistant to
pre-screen the candidates and give me a short list of five ap-
plications to choose from. From the short list, see the table,
1 selected Jim.

As one can see from the table, Jim is one of the least quali-
fied candidates. Who is to be blamed in this situation?

\ Ethics AI Short listed? Selected?
Mike v v
Alice v
Bob v
Cathy
Jim v v
Tom v v
Linda v v
Wendy v 4

Table 1: Postdoc selection

One might choose to blame my assistant. After all, by not
shortlisting Alice and Wendy, my assistant have seen fo it
that the candidates who have a background in both Ethics as
well as Al, are not selected.

A more sensible approach, perhaps, is to notice that, by
dropping all candidates with a background in Ethics, my as-
sistant has seen to it that the selected postdoc has no back-
ground in Ethics. At the same time, I have seen to it (and also
responsible counterfactually) that the selected candidate has
no background in Al In other words, we both are respon-
sible, but for different aspects of the outcome. Braham and
van Hees (2018) refer to such situations as fragmentation
of responsibility. Similarly to diffusion, fragmentation can
lead to circles of blame and create the bystander effect. One
of the goals of responsible mechanism design could be the
elimination of responsibility fragmentation.

Dictatorship

Example 7 (US Consitution) The US Constitution defines
the mechanism for passing new laws in the United States.
The Congress (treated in this example as a single agent c)
can reject a bill outright. If Congress passes the bill, the
President (agent p) can sign or veto the bill. If the Presi-
dent vetoes the bill, the Congress can override the veto, see
Figure 7.

It is a matter of personal opinion if passing or rejecting the
bill is an “undesirable” outcome. In such situations, it makes
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rejected

passed

rejected passed

Figure 7: US Constitution mechanism.

sense to consider responsibility in all outcomes (for either
passing or rejecting the bill, depending on the outcome).

It is interesting to note that no matter what happens, the
Congress is always counterfactually responsible for the out-
come. This is because the Congress has an upfront strategy
to guarantee that the bill is rejected and an upfront strategy
to guarantee that the bill is passed, see Figure 7. In general, I
call a decision mechanism a dictatorship if an agent (a “dic-
tator”) has an upfront strategy to achieve both outcomes.

Any dictatorship is gap-free because the dictator can al-
ways prevent any outcome. However, many people would
probably find a dictatorship to be an undesirable property
of a mechanism design. In many cases, one would expect re-
sponsible mechanism design to eliminate responsibility gaps
without using a dictatorship. In (Naumov and Tao 2025), we
introduced a notion of an “elected dictatorship” as a class of
mechanisms where the group decision process, essentially,
comes down to an election of a dictator who might uni-
laterally make the decision. We have shown that, for some
class of mechanisms, elected dictatorships are the only way
to eliminate the responsibility gap.

Distributed Responsibility

In some settings, responsible mechanism design should en-
sure that every agent bears responsibility in at least one
possible outcome—so that all participants have a genuine
stake in the game. This fosters not only accountability but
also a sense of inclusion and ownership over the collec-
tive decision-making process. I suggest using the term “dis-
tributed responsibility” to refer to situations when each
agent is responsible in at least one outcome. The two dia-
grams in Figure 3 show that the responsibility is distributed
in Example 1 and Example 2. At the same time, the respon-
sibility is not distributed in Example 3. As one can see in
Figure 3, factories b and ¢ are never responsible in that set-
ting.

How Can We Design Responsible
Mechanisms?

Order

One of the most effective ways to close the responsibility
gap is to design mechanisms in which agents act in a certain
order rather than concurrently.

Example 8 Two self-driving cars, a and b, are approaching
the intersection with the same distance; each of them can
either slow down (action —) or maintain the current speed



(action Q). If both cars choose the same action, they will
collide. See Figure 8, left.
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Figure 8: Symmetric road situation.

Note that if the cars choose actions concurrently (indepen-
dently), then neither of them can prevent the collision. Also,
neither of the actions by itself guarantees the collision. Thus,
if the cars act concurrently and a collision happens, then nei-
ther of them is responsible for the collision, see the “con-
current” diagram in Figure 8. However, if one of the cars
chooses the action first and, say, communicates this action
wirelessly to the other car, then the second car has a strat-
egy to avoid a collision. For example, if the first car decides
to slow down, then the second car will avoid collision by
maintaining the current speed, see the last two diagrams in
Figure 8. Thus, in this example, order eliminates the respon-
sibility gap without creating diffusion of responsibility be-
tween agents. However, in this example, the order does not
distribute responsibility—if a collision happens, it is always
the second car that is responsible, see Figure 8.

a 0 +

pe 0+ co +
0 ala
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Figure 9: Allocation of responsibility in Example 3 if the
factories act in order a, b, c.

Let us now see how order affects responsibility in Exam-
ple 3. Recall that Figure 4 shows responsibility allocation in
this example under the assumptions that all three factories
make their choices concurrently. Figure 9 depicts responsi-
bility assuming the order a, b, c. As the figure shows, this
order eliminates the gap and distributes the responsibility
between all three agents. However, it introduces diffusion of
responsibility between b and c in one of the outcomes.

In general, requiring agents to take actions in an order,
rather than concurrently, eliminates the responsibility gap
and increases the distribution of responsibility, but it can
also diffuse the responsibility. The choice of the specific or-
der is important. Figure 10 shows that both gap and diffusion
are eliminated if the order b, ¢, a is used instead of a, b, c. At
the same time, responsibility is no longer fully distributed:
factory b is never responsible for the outcome.

The next example shows that just changing the order
might not be enough to close the gap without introducing
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Figure 10: Responsibility in Example 3 if the factories act in
order b, ¢, a.

diffusion.

Example 9 (three cars) Three self-driving cars, a, b, and
¢, are approaching an intersection. Each of them can either
slow down (action —) or maintain the current speed (action
0). If all three cars choose the same action, they will collide.
Otherwise, the collision will be avoided, see Figure 11.

In the second from the right diagram in Figure 11, I show
the allocation of responsibility in this example using order
a, b, c. This order eliminates the gap but introduces diffusion
between two agents. Change of the order will not eliminate
the diffusion because this setting is symmetric. However, the
diffusion can be eliminated if, first, cars a and b choose their
actions concurrently, then car c chooses its action, see right-
most diagram in Figure 11.

Imperfect Information

Observe that to achieve the allocation from the right-most
diagram in Figure 11, it is not actually strictly necessary that
cars a and b choose their actions concurrently. The same al-
location can be achieved if the cars make the choices in order
a, b, ¢, but the mechanism hides from b the choice made by
a. I assume that, as before, car c gets the information about
choices made by a as well as b. This is an example of a
decision mechanism with imperfect information. For such
mechanisms, the definitions of counterfactual and seeing-
to-it responsibilities need an adjustment. I will explain the
adjustment using the Drawing Straws mechanism. In 2017,
this mechanism was used to decide who gets a seat in the
Northumberland County Council (England) after votes were
evenly divided (Elgot 2017).

Example 10 (drawing straw) Candidate o take two
straws, a short and a long, and holds them between her
fingers, showing only the ends of the straws. Candidate b
pulls one of the straws. If he pulls the long straw, he wins
the elections.

Suppose that b draws a short string and loses the elections.
Should we say that agent b is responsible for losing the elec-
tions? Technically, b had a strategy (pull long string) to win
the elections. Also, the action that b took guaranteed that
he was going to lose. Thus, technically, under my origi-
nal definition, b is responsible for his loss. Of course, this
is a counterintuitive conclusion. As it has been argued in
the literature, in an imperfect information case, the agent
must know which action prevents the undesirable outcome
to be counterfactually responsible for it (Yazdanpanah, Das-
tani, Jamroga, Alechina, and Logan 2019; Naumov and Tao
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Figure 11: Three cars example.

2020b). Similarly, to be responsible for seeing to it, the agent
must know that his or her action makes the outcome un-
avoidable (Naumov and Tao 2023). After these adjustments,
mechanisms with imperfect information become a powerful
tool for controlling the diffusion of responsibility. Indeed,
by denying selected agents access to some of the informa-
tion, we potentially can make them not responsible for the
outcomes.

Control Redistribution

Another way to guarantee that a decision-making mecha-
nism has the right responsibility-related properties is to re-
distribute control between agents. To see how this technique
works, let me return to Example 4. The left diagram in Fig-
ure 12 captures this example as a transition system, where
autopilot (a) and human driver (h) control different states.
In a self-driving mode, under normal conditions, the system

collision

collision

Figure 12: Actual Uber mechanism that allows diffusion
(left) and a diffusion-free modified mechanism (right).

alternates between states w and . If the autopilot makes a
mistake, the system might transition from state w to “colli-
sion” state t. In state u, the autopilot @ might decide to pass
the control to the human driver h by transitioning to state v.
The human driver can either keep driving using a loop tran-
sition at state v or make a mistake and end in the collision
state ¢.

In the case of Ms Elaine Herzberg’s tragic death, after cy-
cling between states w and u, the autopilot passed control
to a human. The human made a mistake that led to the col-
lision. The autopilot and the human driver are both respon-
sible for the collision counterfactually. Autopilot could have
prevented the collision by looping between states w and w.
The human driver could have prevented it by looping at state
v. The human driver is also responsible for seeing-to-it that
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Ms Herzberg died because the human action of transitioning
the system from state v to state ¢ made the death unavoid-
able. This diffusion of responsibility between the autopilot
and the human driver could be avoided by making a change
in the way Uber’s vehicle control mechanism is designed. If
a human, not an autopilot, controls state u, as shown on the
right of Figure 12, then the autopilot does not have a strat-
egy to prevent collision by looping between states w and
4 no matter what the human does. In practice, this change
means that it will be up to the human driver to take over the
control of the vehicle if the driver finds it necessary. Such a
change would eliminate the diffusion by making the human
solely responsible for the collision resulting from transition-
ing from state v to state ¢.

What’s Next?

I see Responsible Mechanism Design not as a single prob-
lem, but as a new field focused on designing collective
decision-making processes that enforce individual account-
ability. The precise meaning of accountability will depend
on context. In some applications, it may mean ensuring
mechanisms are gap-free, diffusion-free, or fragmentation-
free. In others, it may involve distributed responsibility or
the exclusion of dictatorships. In certain domains, entirely
different notions of responsibility may be required, such as
higher-order responsibility (Shi 2024), probabilistic respon-
sibility (Duijf and van De Putte 2022), or best-effort respon-
sibility, where agents are credited for attempting to prevent
undesirable outcomes (Braham and van Hees 2018). Con-
straints on the cost of prevention strategies may also mat-
ter (Kagan 1991; Cao and Naumov 2017). And in systems
involving children, animals, or Al agents, we may need to
restrict accountability to proper moral agents, or else explore
forms of collective or institutional responsibility.

Beyond design itself, the field must explore which respon-
sibility criteria are jointly satisfiable, and under what con-
ditions. It must also engage with complexity: can we effi-
ciently verify whether a mechanism has desirable responsi-
bility properties? Can agents compute strategies that guaran-
tee avoidance of harm? And where perfect mechanisms are
impossible, can we still minimise the responsibility gap or
diffusion?

Mechanism design has taught us how to allocate goods,
effort, and risk. Responsible Mechanism Design teaches us
how to allocate accountability. That is the next frontier.
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