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Abstract

What does it mean for one person to help or hinder another? We argue that
there are at least two important factors: one, the persons’s intention, and
two, what difference their action made. While prior work has focused on
inferring helping or hindering intentions, we show here that counterfactual
simulation is critical for understanding whether someone actually helped
or hindered. We develop and test a computational model of responsibility
judgments for helping and hindering interactions that integrates intention
inference (via inverse planning) with causal attribution (via counterfactual
simulation). Experiment 1 investigates scenarios where one agent helps or
hinders another by acting on the physical environment. Experiment 2 fea-
tures more complex scenarios where one agent influences the other by signal-
ing their intentions, sometimes without acting on the physical environment.
Finally, Experiment 3 investigates how the agent who was helped or hin-
dered is held responsible depending on how they updated their beliefs about
the other from a previous interaction. Across all three experiments, respon-
sibility judgments were best captured by a model that combines intention
inferences with causal attributions.
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Introduction

Few moral ideals are as deeply ingrained as that of the Good Samaritan: someone
who kindly helps a stranger in need. Good Samaritans are commonly depicted in popular
culture, held up as role models for children, and even codified into law (e.g. California
Health & Safety Code § 1799.102, 2009). These images endure because they reflect the fact
that helping is a cornerstone of human social life. Our prosociality is widespread and near-
universal (Aknin et al., 2013; Henrich et al., 2005; House et al., 2013; Rossi et al., 2023),
sets us apart from other species (Drayton & Santos, 2016; Warneken & Tomase H() 2009),
and emerges early in life (Dahl, 2015; Warneken & Tomasello, 2006; Zahn-Waxler, Radke-
Yarrow, Wagner, & Chapman, 199 _). While a large body of research has documented the
diverse ways in which people help one another, and illuminated when and why people help
(for reviews, see e.g. Eisenberg, Spinrad, & Knafo-Noam, 2015; Penner, Dovidio, Piliavin, &
Schroeder, 2005), less is understood about a more basic question. How do people represent
the concept of helping and recognize when it happens? On the flip side, how do people
recognize acts of hindering or harming?

One inﬂuential theory formalizes helping and hindering in terms of utility adoption
(Powell, 2022; Schlingloff-Nemecz et al., 2025). This approach builds on a formal model of
action understanding that assumes that people are rational utility-maximizers (Gergely &
Csibra, 2003; Jara-Ettinger, Gweon, Schulz, & Tenenbaum, 2016; Jara-Ettinger, Schulz, &
Tenenbaum, 2020). Accordingly, people act in ways that generally maximize their expected
rewards and minimize their expected costs. Social behavior arises when one agent incorpo-
rates another agent’s utility into their own (Powell, 2022). For example, an agent intends
to help another agent if they choose actions that increase the other’s expected utility, some-
times even at a cost to themselves. In contrast, the agent intends to hinder the other agent
if they act to decrease the other’s expected utility.

This utility-based approach to action understanding not only predicts how some-
one will act given their goals and intentions, but also captures what inferences one can
make about an agent’s mental states from their actions. Such mental state inferences can
be modeled computationally as Bayesian inverse planning (Baker, Jara-Fttinger, Saxe, &
Tenenbaum, 2017; Baker, Saxe, & Tenenbaum, 2009; Jern, Lucas, & Kemp, 2017). Roughly,
we infer that an agent must have a goal such that their observed behavior is a sensible way
of achieving it. Inverse planning models accurately capture people’s inferences of helping
and hindering intentions (Baker, Goodman, & Tenenbaum, 2008; Chandra, Li, Tenenbaum,
& Ragan-Kelley, 2023; Netanyahu, Shu, Katz, Barbu, & Tenenbaum, 2021; Shu, Kryven,
Ullman, & Tenenbaum, 2020; Ullman et al., 2009).

However, intending to help is not the same as actually helping. A young child may
intend to help with grocery shopping, but ultimately slow things down compared to their
parent shopping alone. While inverse planning can recover the child’s intentions to help,
it does not track whether those intentions were successfully realized. Determining whether
the child actually helped is fundamentally a causal question, and requires contrasting what
happened with what would have happened had the child not been there. Such counterfac-
tual comparisons are key to defining what it means to help, hinder, or harm across many
domains. In philosophy, the counterfactual comparative account of harm defines harm as
causing someone to be worse off than they would have been otherwise (Feinberg, 1986;
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Klocksiem, 2012; Purves, 2019). In computer science, researchers have argued that help-
ing and harming are inherently causal notions requiring counterfactual analysis (Beckers,
Chockler, & Halpern, 2024; Richens, Beard, & Thompson, 2022).1 And in the law, criminal
liability has long required proving not only mens rea (a guilty mind), but also actus reus (a
guilty act), distinguishing the intent to harm from the act of harm (Lagnado & Gerstenberg,
2017). Yet, while counterfactual accounts of help and harm have been proposed across these
fields, they have not been tested as a cognitive theory of how people actually understand
these concepts.

Counterfactual thinking plays a central role in causal reasoning. For example, in
the physical domain, when asked whether one ball caused another to go through a goal,
people mentally simulate how things would have turned out if the first ball had not been
there (Beller & Gerstenberg, 2025; Gerstenberg, Goodman, Lagnado, & Tenenbaum, 2021;
Gerstenberg, Peterson, Goodman, Lagnado, & Tenenbaum, 2017; Gerstenberg & Stephan,
2021; Zhou, Smith, Tenenbaum, & Gerstenberg, 2023). A computational model that gen-
erates counterfactual scenarios using an intuitive physics engine (Battaglia, Hamrick, &
Tenenbaum, 2013; Gerstenberg & Tenenbaum, 2017; Ullman, Spelke, Battaglia, & Tenen-
baum, 2017; but see Ludwin-Peery, Bramley, Davis, & Gureckis, 2021) accurately captured
participants’ causal judgments. Participants’ causal judgments increased the more certain
they were that the counterfactual outcome would have been different.

In the social domain, counterfactual simulation has been argued to be important,
too (Cushman, 2024; Gerstenberg, 2024; Lipe, 1991). For example, to determine what
causal role a person played in bringing about an outcome, one may consider what would
have happened without them, or if they had acted differently (Chockler & Halpern, 2004;
Halpern & Pearl, 2005; Lagnado, Gerstenberg, & Zultan, 2013; Lewis, 1973; Pearl, 2000; Wu
& Gerstenberg, 2024). The more likely the outcome would have been different had a person
not acted as they did, the more responsible participants tended to hold them. Thoughts
about how things could have gone differently also feature centrally in theories of how people
explain behavior (Byrne, 2016; Kahneman & Tversky, 1982; Lombrozo, 2010; Macrae, Milne,
& Griffiths, 1993; Markman, Gavanski, Sherman, & McMullen, 1993; Petrocelli, Percy,
Sherman, & Tormala, 2011). However, despite the theoretical parallels between physical
and social causation, no work has directly tested what role counterfactual simulation plays
for determining whether one agent helped or hindered another.

In this paper, we develop a computational model of responsibility judgments for help-
ing and hindering scenarios that goes beyond inferring an agent’s intentions and incorporates
whether the agent’s actions made a difference to the outcome. The responsibility model
has two components. First, it infers an agent’s intentions from its actions by inverting a
model of the agent’s planning process. Second, it evaluates an agent’s causal role by sim-
ulating how things would have unfolded if the agent hadn’t been there. The integration
of intentions and causation is consistent with prior theories of responsibility that highlight
the influence of person inferences and causal attributions (Gerstenberg et al., 2018; Langen-
hoff, Wiegmann, Halpern, Tenenbaum, & Gerstenberg, 2021; Malle, Guglielmo, & Monroe,
2014; Sartorio, 2007; Shaver, 1985; Sosa, Ullman, Tenenbaum, Gershman, & Gerstenberg,
2021; Weiner, 1995). Here, we go beyond this earlier work by formally instantiating both

'Our experiments focus on hindering (i.e. obstructing progress) rather than harming (i.e. causing
damage or injury), but we believe that counterfactual comparisons are critical for both.



HELPING AND HINDERING 4

Experiment 1 Experiment 2 Experiment 3
Naive agents Sophisticated agents Repeated interactions
Interaction 1 Interaction 2
S ©
e B N 2
= =0

@ VS.
D @
Level-0 Red s @ @ = ] N

Level-2 Red @
= ®

Level-1 Blue

e

Level-3 Blue

Figure 1. Overview of experiments. In Experiment 1, we investigated interactions
between a naive RED, who plans only towards the star, and a naive BLUE, who plans to
help or hinder RED. In Experiment 2, we investigated a sophisticated RED, who additionally
infers BLUE’s intentions, and a sophisticated BLUE, who reasons about a sophisticated RED.
In Experiment 3, we studied repeated interactions and the effect of prior beliefs about others
on responsibility judgments.

components as computations that operate over a shared underlying representation.

To test the model, we designed a dynamic environment where one agent (RED) tries
to reach a star within a limited period of time, and another agent (BLUE) intends to either
help or hinder RED (Figure 1). BLUE can move boxes, but RED can’t. For example, in
Figure 1A, RED started in the top left corner, BLUE pulled a box out of RED’s way, and RED
succeeded in reaching the star. The agents take turns moving, and BLUE can only move a
box once in each scenario. We model agents at different levels of sophistication (Camerer,
Ho, & Chong, 2004; Wright, 2010). A naive RED agent only reasons about the physical
world, while a sophisticated RED infers and plans around BLUE’s intentions. This agent can,
for example, try to avoid BLUE or wait for BLUE to move a box out of the way. A naive BLUE
agent plans to help or hinder a naive RED, and a sophisticated BLUE plans to help or hinder
a sophisticated RED. Because the sophisticated BLUE is aware that the sophisticated RED
maintains beliefs about it (assuming it to be naive), BLUE can act in ways so as to influence
those beliefs, such as appearing to help when in fact it intends to hinder (Figure 1B).

Across three experiments, we test how well the model captures participants’ judg-
ments about the agents’ intentions, counterfactual outcomes, and responsibility. In Exper-
iments 1 and 2, we study how people attribute responsibility to the BLUE agent. Exper-
iment 1 features naive agents only, and Experiment 2 features sophisticated agents who
exhibit more complex behaviors. In Experiment 3, we investigate responsibility judgments
for both BLUE and RED, and specifically look at how a sophisticated RED agent may be held
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responsible for the outcome on the basis of its beliefs about BLUE’s intentions.

Computational model

We represent our setting as a set of Markov Decision Processes (MDPs), which capture
how social interactions between rational agents unfold over time in a dynamic world (
, ; , ). We extend the MDPs to allow agents to have social goals
and presentational goals in addition to physical goals ( ,
: , : ) ). The MDP for agent
i € {RED, BLUE} at level ¢ is the tuple

Mzg = <S;v4a T:Xiapi7giﬂRf777 H>’ (1)

where S is the space of all states s; A is the joint action space of all pairs of actions
Arip, ApLue; T : S X A xS — [0,1] dictates the transition probabilities; y; € X is agent
i’s social goal; p; € P is agent i’s presentational goal; g; € G is agent i’s physical goal;
Rf:Sx A; x X x P x G — R is agent i’s reward function at level ¢; v € (0,1) is a reward
discount factor, and H is a finite time horizon. In total, we construct four MDPs: M2,
for the naive RED, M}, for the naive BLUE, M2, for the sophisticated RED, and M3 .
for the sophisticated BLUE.

Planning

Each agent’s reward function depends on the agent’s actions and goals. The reward
discount v encourages agents to reach their goals sooner rather than later. The RED agent
only has a physical goal grgp, which is to reach the star, so xrep = prep = 0. If time runs
out, then RED gets partial reward based on its navigable distance from the goal (ignoring
boxes), which incentivizes it to get as close as possible. The naive and sophisticated RED
reward functions are the same; the difference between the two agents is that the naive RED
only reasons about the physical world, while the sophisticated RED infers BLUE’s intentions
and anticipates BLUE’s next possible action at each time step.

BLUE has no physical goal, so gggg = 0. Its social goal xpLug is a constant that
scales RED’s reward into some of its own reward such that when ygpoyp is positive, BLUE
attempts to help RED, and when ygpup is negative, BLUE attempts to hinder RED. BLUE’s
presentational goal pgLug is a constant that incorporates RED’s beliefs about BLUE’s actual
social goals into some of BLUE’s reward. When pgryg is positive, BLUE wants to appear
helpful by maximizing RED’s estimate of the value of xgLug, while the opposite is true when
peLug 1S negative. Rewards are computed and experienced at each timestep, so BLUE aims
to not only achieve its presentational goal but also maintain it for as long as possible. The
naive BLUE agent does not have a presentational goal because it assumes a naive RED who
only reasons about the world. A sophisticated BLUE agent can have distinct social and
presentational goals. For example, it may want to hinder (xpLug < 0) but appear helpful
(,OBLUE > 0)-

Agents recursively solve the MDPs at each level of sophistication to estimate each
other’s rewards. Fach MDP Mf is solved by computing a state-value function Qf(s, a,-),
which captures the expected reward the agent would receive if it were to take action a while
in state s. Computing the Q-function requires knowing the other agent’s goals and beliefs.
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However, RED does not know BLUE’s social goal gLy and the sophisticated BLUE does not
have access to RED’s beliefs about itself. Thus, the agents infer these latent states from
observed actions at each timestep ¢ through a Bayesian update:
~ | -1 -1 ~t—1 ~t—1
p(XéLUE |5t ) aéLUE) Q:p(agLUE ’8t ) XéLUE) p(XéLUE) (2)
starting from a uniform prior at ¢t = 0.
The Q-functions for each agent’s MDP can then be used to generate an action plan,

or policy, that maximizes the agent’s total expected reward. Both agents model the other
as having a softmaz policy where actions are selected based on the Q-function:

plals,-) o exp (B-Q(S,a, )) (3)

The inverse temperature parameter 5 captures the agent’s level of “randomness” while
acting, and maintains uncertainty over each agent’s estimate of the other. When choosing
their own actions, agents use argmaz policies where they choose the highest Q-valued action
from each possible state, starting from their initial locations. In the case of ties, agents
prefer to stay in place over any move action. If multiple move actions are tied for the
highest Q-value, then the agent selects uniformly at random among them. We assume that
these solutions approximate people’s intuitive theories of how agents might interact based
on their mental states, capacities, and situational constraints ( , , ;

, : , : , ). To predict responsibility
in each scenario, we use MDPs to infer intentions and attribute causation (Figure 2).

Intention inference

To infer BLUE’s intentions the model computes the final posterior on BLUE’s social
goal xpLug at the end of each trial, which takes into account its full sequence of actions over
the H timesteps:

Intention = p(X ). (4)

For the sophisticated BLUE, this distribution is marginalized over the presentational goal

PBLUE-

Causal attribution

We assume that people assess an agent’s causal contribution by considering a rel-
evant counterfactual situation and simulating what would have happened in their minds
( , : , : , ). Here,
we consider whether RED would have succeeded if BLUE hadn’t been there. We simu-
late counterfactual scenarios by removing BLUE from the MDP and then running RED’s
policy. Each scenario is conditioned on the history of states and actions that actually hap-
pened ( , : , : , ). The model
conditions RED’s counterfactual path on its actual path by repeating the actual path with
probability peorow at each timestep. Once the counterfactual path deviates from the actual
path, RED follows its policy in the counterfactual MDP without BLUE for the remaining
timesteps. More precisely, the model computes the likelihood that RED’s counterfactual
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Figure 2. Computational model of responsibility. In this scenario, RED started in
the top left corner. BLUE pushed a box into its path, causing RED to backtrack and miss
the goal in time. The model predicts how responsible BLUE is for the outcome through two
processes (1) intention inference: inferring the relative likelihood of BLUE’s intention to help
or hinder through Bayesian inverse planning, conditioning on BLUE’s observed action at each
timestep, and (2) causal attribution: running noisy counterfactual simulations about what
would have happened if BLUE hadn’t been there. The model combines these two processes
to predict responsibility judgments.

outcome o € {success, fail} without BLUE would have been different from what actually
happened o:

Counterfactual = p(0o’ # o | Mugp). (5)

RED’s policy in each simulation is softmax rather than argmaz to introduce uncertainty
about RED’s counterfactual behavior, controlled via an inverse temperature parameter
(Equation 3). We aggregate many noisy simulations for each scenario to get a graded
prediction for how likely RED would have succeeded without BLUE.

Responsibility from intention inference and causal attribution

We propose that people hold an agent more responsible the more certain they are
that (1) the agent intended to bring about the outcome, and that (2) the agent’s actions
made a difference to the outcome (Figure 2). To predict responsibility judgments, we fit a
linear combination of intention inferences and counterfactual judgments:

Responsibility = « + 31 - Intention + 35 - Counterfactual,

where « is an intercept and 31 and (B2 capture the relative influence of each component.



HELPING AND HINDERING 8

Successes Failures

Judgments
N o N 8
g O o O

o

[ Intention [Tl Counterfactual [ Effort [l Responsibility

Figure 3. Select trials from Experiment 1. Participants’ judgments separated by
condition (intention, counterfactual, effort, and responsibility) on a subset of trials from
Experiment 1. Note that the scale for intention goes from “definitely hindering” being 0 to
“definitely helping” being 100. Each trial diagram illustrates BLUE’s path in light blue, box
movements with blue arrows, and RED’s path with red arrows. Bars show mean ratings,
error bars are bootstrapped 95% confidence intervals, large points show model predictions,
and small points are individual judgments.

Alternative models

We compare the responsibility model to lesioned models that only include the inten-
tion or counterfactual component, as well as alternative models, such as one that considers
the amount of effort an agent exerted (Jara-Ettinger et al., 2016). Prior work has shown
that the more effort an agent exerted to bring about a negative outcome, the more neg-
atively they tended to be judged (Bigman & Tamir, 2016; Sosa et al., 2021). We model
effort as the normalized sum of all action costs incurred, and test a model that combines
counterfactual judgments with effort inferences in Experiment 1.

It is also possible that people assign responsibility by relying on perceptual and kine-
matic features instead of inferring mental states and simulating counterfactuals (Cavallo,
Koul, Ansuini, Capozzi, & Becchio, 2016; Iliev, Sachdeva, & Medin, 2012; McEllin, Se-
banz, & Knoblich, 2018; White, 2014). Causal events and social interactions are sometimes
perceived rapidly from motion cues alone (Heider & Simmel, 1944; McMahon & Isik, 2023;
Michotte, 1963; Scholl & Tremoulet, 2000; Shu et al., 2020; Shu, Peng, Zhu, & Lu, 2021). We
constructed a heuristic model that predicts responsibility judgments using a linear regres-
sion based on four features in each trial: the outcome, the number of steps that RED took,
the number of steps that BLUE took, and the number of steps any boxes were moved. We
chose these features because they are directly observable, related to each agent’s behavior,
and do not require mental simulation to compute.

Results
Experiment 1: Naive agents

In Experiment 1, participants watched scenarios showing interactions between naive
RED and BLUE agents, and made judgments about what happened using sliders. Between
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conditions they were either asked to judge what BLUE intended to do (from “definitely
hinder” to “definitely help”), how likely RED would have succeeded if BLUE hadn’t been
there (from “not at all” to “very much”), how much effort BLUE exerted (from “very little”
to “very much”), or how responsible BLUE was for the outcome (from “not at all” to “very
much”). See the Methods section for the full materials.

Figure 3 shows participants’ judgments for a subset of scenarios. In the first two
scenarios, participants made similar judgments about how likely BLUE was helping and
how much effort BLUE exerted. However, RED could not have succeeded without BLUE
in scenario 1, whereas it could have in scenario 2. BLUE was held more responsible for
the success in scenario 1 than in scenario 2. In scenario 3, RED succeeded despite BLUE’s
intention to hinder, so BLUE was attributed little responsibility for the success. In scenarios 4
and 5, BLUE intended to hinder by blocking RED’s access to the goal. However, if BLUE
hadn’t been there, RED would have succeeded in scenario 4 but not 5, hence the difference
in responsibility judgments. In scenario 6, BLUE’s causal role was judged to be low, but
BLUE actually intended to help so it was not held very responsible for the failure.

Overall, the individual model components capture much of the variance in partici-
pants’ counterfactual judgments (Pearson r = 0.97, RMSE = 11.55) and intention inferences
(r =0.93, RMSE = 16.94). In addition, effort judgments were modeled well as the total ac-

Table 1

Model fits and comparison in Experiment 1. Estimated posterior means and 95%
credible intervals for different predictors in the models tested in Experiment 1. All models
included random intercepts for participants. Credible effects are indicated with an asterisk*
(meaning that the 95% credible interval excludes 0). r = Pearson correlation coefficient and
RMSE = root mean squared error. “Aelpd” shows the difference in expected log predictive
density using approrimate leave-one-out cross-validation between the best-fitting model (in-
dicated by 0) and the other models, along with associated standard error. Lower numbers
represent worse performance ( , ). ‘n best’ is the number of
individual participants whose judgments were best predicted by each model.

Model Predictor Estimate r RMSE Aelpd (se) n best
Intercept 2.68 [—0.74, 6.15]
Intention + Counterfactual Intention 0.69 [0.64, 0.73]* 0.93 11.80 0 (0) 30
Counterfactual 0.25 [0.21, 0.29]*
. Intercept 1.05 [—2.73, 4.68]
Intention Intention 0.83 [0.79, 0.87]" 0.90 14.39  —72.0 (10.6) 13
Intercept 59.11 [55.15, 63.04]*
Effort + Counterfactual Effort —0.76 [-0.90, —0.62]*  0.74 21.78  —312.7 (26.0)
Counterfactual 0.71 [0.66, 0.76]*
. Intercept 42.80 [40.23, 45.39]* B -
Counterfactual Counterfactual 058 [0.53, 0.62]° 0.68 23.62 364.2 (30.5) 1
Intercept 107.16 [100.34, 114.46]*
Outcome 6.05 [2.24, 9.69]*
Heuristic RED steps —8.37 [-9.18, —7.56]*  0.65 24.59  —403.8 (36.8) 3
BLUE steps 9.68 [7.64, 11.71]*

Box moves —3.12 [-9.09, 2.83]
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Figure 4. Responsibility model predictions in Experiment 1. Participants’ mean
judgments for BLUE compared to model predictions that consider intentions only, counter-
factuals only, both intentions and counterfactuals, effort instead of intentions, with coun-
terfactuals, and a heuristic model. Model predictors use participants’ mean judgments from
the respective conditions. Error bars are bootstrapped 95% confidence intervals, RMSE =
root mean squared error, and r = Pearson correlation coefficient.

tion costs incurred by BLUE in each trial (r = 0.95, RMSE = 8.54). To predict responsibility
judgments, we fit five Bayesian linear mixed effects models using different combinations of
mean intention, counterfactual, and effort judgments as predictors (Figure 4 and Table 1).
The ‘intention + counterfactual’ model predicts responsibility judgments best on all mea-
sures (Table 1). This model best fit overall judgments (r = 0.93, RMSE = 11.80) as well
as the most individual participants (30 out of 50). Both the intention and counterfactual
predictors were positive and credible. Notably, counterfactual judgments predict responsi-
bility better when combined with intention judgments than with effort judgments. While
responsibility can be sensitive to effort ( , ; , ), it addi-
tionally matters what that effort was directed towards. Intentions can distinguish between
effort to bring about an outcome and effort to prevent that same outcome (e.g. scenarios 2
vs. 3 in Figure 3).

The results of Experiment 1 indicate that responsibility for helping and hindering
is best explained by a combination of considering what BLUE was intending to do and
how much of a difference BLUE’s actions made to the outcome. We instantiated these two
cognitive processes in the model using inverse planning to capture intention inferences, and
counterfactual simulations to capture causal attributions. The more certain participants
were that BLUE intended the outcome and played a critical causal role in bringing it about,
the more responsible they held BLUE. So far, we have studied relatively simple settings where
BLUE influences RED through direct interventions on the environment. In Experiment 2,
we ask whether the model extends to richer social dynamics where sophisticated agents
explicitly reason about each other’s mental states, and where BLUE can influence RED by
strategically manipulating its beliefs.

Experiment 2: Sophisticated agents

In Experiment 2, participants watched helping and hindering interactions between
sophisticated agents. A sophisticated RED agent infers BLUE’s intentions and can, for ex-
ample, anticipate help by waiting for BLUE to move a box out of the way. This enables
a sophisticated RED to succeed in scenarios where a naive RED wouldn’t. A sophisticated
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Figure 5. Select trials from Experiment 2. Participants’ judgments separated by condi-
tion (intention, counterfactual, and responsibility) on a subset of trials from Experiment 2.
Note that the scale for intention goes from “definitely hindering” being 0 and “definitely
helping” being 100. Bars show mean ratings, error bars are bootstrapped 95% confidence
intervals, large points show model predictions, and small points are individual judgments.

BLUE reasons about a sophisticated RED and maintains distinct social and presentational
goals. Under certain combinations of these goals, BLUE can deceive RED by signaling false
intentions (knowing that RED assumes it to be naive; see , ;

, ). For example, in scenario 5 in Figure 5, BLUE
initially appears to help by moving towards the box and picking it up. However, it then

Table 2

Model fits and comparison in Experiment 2. FEstimated posterior means and 95%
credible intervals for different predictors in the models tested in Experiment 1. All models in-
cluded random intercepts for participants. Credible effects are indicated with an asterisk®. r
= Pearson correlation coefficient and RMSE = root mean squared error. “Aelpd” shows the
difference in expected log predictive density using approximate leave-one-out cross-validation
between the best-fitting model (indicated by 0) and the other models, along with associated
standard error. ‘n best’ is the number of individual participants whose judgments were best
predicted by each model.

Model Predictor Estimate r RMSE Aelpd (se) n best
Intercept 5.24 [0.48, 10.09]*

Intention + Counterfactual Intention 0.38 [0.30, 0.45]* 0.92 10.64 0 (0) 14
Counterfactual 0.55 [0.46, 0.63]*
Intercept 19.62 [15.55, 23.65]*

Counterfactual Counterfactual  0.86 [0.79, 0.93]° 0.86 13.62 —46.5(10.2) 21

. Intercept 4.58 [—0.30, 9.55]

Intention Intention 0.71 [0.66, 0.77]* 0.83 14.90 69.3 (12.8) 15
Intercept 67.29 [56.92, 77.09]*
Outcome 16.72 [12.24, 21.39]*

Heuristic RED steps —3.69 [—4.58, —2.75]* 0.50 23.43  —243.1 (22.5) O
BLUE steps —1.12 [-3.37, 0.94]

Box moves 17.43 [11.51, 23.69]*
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Figure 6. Responsibility model predictions in Experiment 2. Participants’ mean
judgments compared to model predictions considering intentions only, counterfactuals only,
both intentions and counterfactuals, and a heuristic model. Model predictors use partic-
ipants’ mean intention and counterfactual judgments. Error bars are bootstrapped 95%
confidence intervals, RMSE = root mean squared error, and r = Pearson correlation coef-
ficient.

leaves the box where it is because BLUE actually intended to hinder, forcing RED to back-
track and ultimately fail to reach the goal. Participants recognized BLUE’s actual intentions
and often commented on its presentational goals (e.g. “Some rounds were easy to decide as
‘intended to hinder’ by how crafty Blue would lure Red into a false sense that [Red] would
be helped, but then would get blocked at the right moment.”).

Figure 5 illustrates participants’ judgments across different outcomes and BLUE’s in-
tentions, from unequivocally helping (scenarios 1 and 2), to unequivocally hindering (sce-
narios 3 and 4), to hindering but appearing to help (scenarios 5 and 6). We dropped the
effort condition here because it did not predict responsibility as well as intentions in Ex-
periment 1. Overall, the individual model components captured much of the variance in
participants’ intention inferences (r = 0.94, RMSE = 15.56) and counterfactual judgments
(Pearson r = 0.88, RMSE = 22.08). Using participants’ intention and counterfactual judg-
ments, we tested a similar set of Bayesian models as in Experiment 1 to predict responsibility
judgments (Figure 6). Consistent with Experiment 1, the ‘intention + counterfactual’ model
best explains overall responsibility judgments on all metrics, with » = 0.92, RMSE = 10.64,
and best cross-validation performance (Table 2). Both the intention and counterfactual
and predictors were positive and credible. However, individual participants showed more
variation in model fits, with 20 out of 50 best described by the ‘counterfactual’ model, 16
best described by the ‘intention’ model, and 14 best described by the full model.

One possible explanation for the greater individual variation in model fits is that par-
ticipants were more uncertain about both BLUE’s intentions and the counterfactual outcomes
in this experiment compared to Experiment 1. Exploratory Bayesian regression analyses
showed that participants’ responses were credibly closer to the midpoint of each scale in
Experiment 2 than in Experiment 1. Intention judgments were closer by 2.08 points (95%
Crl [1.27, 2.89], Bayes Factor BFjg > 100) and counterfactual judgments were closer by
6.72 points (95% Crl [5.93, 7.49], BFjo > 100). This increased uncertainty may reflect
the greater complexity of the agents’ mental models. Intentions were harder to read when
BLUE’s behavior was the product social and presentational goals, while counterfactual out-
comes may have been harder to assess when the sophisticated RED actively coordinated
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with BLUE rather than navigating straightforwardly toward the goal. As a result of this
increased uncertainty, participants may have differed in which aspects they considered more
heavily when assigning responsibility. Nonetheless, the overall results replicate and extend
the findings of Experiment 1. Responsibility judgments were again sensitive to how certain
participants were that BLUE made a causal difference to the outcome, but in these scenarios,
that difference was not limited to physical changes in the environment. When agents plan
recursively with each other in mind, it becomes possible for one agent to hinder another
one by merely affecting its mental states.

So far, we have focused BLUE’s responsibility by evaluating BLUE’s intentions to help
or hinder RED, and considering what would have happened if BLUE hadn’t been there. In
Experiment 3, we additionally explore how people attribute responsibility to RED. Prior
work has shown that agents are blamed more for a negative outcome when they could have
foreseen or prevented it ( , : , ), a pattern that
contributes to victim blaming when victims are faulted for “not knowing better” about
the perpetrator or the situation ( , ;

, ). We investigate whether such judgments can be explained in our setting, by
simulating counterfactuals of what would have happened if RED had held a different belief
about BLUE’s intentions.

Experiment 3: Hinder me once, blame on you; hinder me twice, blame on me

To manipulate RED’s prior beliefs about whether BLUE will try to help or hinder, we
designed trials where pairs of sophisticated RED and BLUE agents interact twice in the same
environment. Some participants saw both rounds of interaction (with prior condition),
while others only saw the second round (no prior condition). We further designed two
types of trials, half in which BLUE attempted to help RED and the other half in which BLUE
hindered RED. In helping trials, RED succeeded with BLUE’s help in the first round, but
then chose different actions and failed in the second round. For example, in Figure 7, BLUE
pulled a box out of RED’s way in both rounds A and B, but RED chose a different route and
failed to reach the goal in round B. In hindering trials, RED failed after being hindered by
BLUE in both rounds in the exact same manner. For example, in Figure 7, RED was forced
to backtrack after its path was blocked by BLUE in both rounds. Note that in both types
of trials, RED failed in the second round, for which participants were asked to infer BLUE’s
intention and assign responsibility to both agents.

With this trial design, the first round in each trial provides evidence about BLUE’s

Table 3

Model fits in Experiment 3. ‘Intercept’, ‘Condition’, “Trial type’, and ‘Interaction’ show
the posterior means of each predictor along with 95% credible intervals. We contrast-coded
the condition (no prior = —1, with prior = 1) and trial type (helping = —1, hindering = 1)
predictors. Both models included a random intercept for each participant.

Agent Intercept Condition Trial type Interaction

RED  58.25 [54.95, 61.48] 14.43 [11.16, 17.75]  —17.10 [—18.74, —15.44] 5.86 [4.29, 7.44]
BLUE  54.73 [52.31, 57.15] —4.78 [~7.23, —2.25] 25.40 [23.61, 27.18] —5.98 [~7.87, —4.12]
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Figure 7. Results in Experiment 3. Participants’ judgments (intention, responsibility for
BLUE, and responsibility for RED) across all trials of each type in each condition. Participants
in the with prior condition saw both rounds A and B of each trial, while those in the no
prior condition only saw round B. All judgments were made about round B. Bars show
mean ratings, error bars are bootstrapped 95% confidence intervals, large points show model
predictions, and small points show individual participant judgments.

intentions and creates different normative expectations for how RED should have rationally
acted in the second round. In helping trials, RED should have repeated its actions given
evidence that BLUE is a helper. In hindering trials, RED should have acted differently given
evidence that BLUE is a hinderer. We therefore predicted that participants in the with prior
condition would hold RED more responsible in the second round because RED failed to act
according to these expectations. Participants in the no prior condition, who did not see
the first round, would not have formed such expectations. We additionally predicted that
BLUE would generally be held less responsible in helping trials because it did not intend the
failure, and that responsibility would shift to RED to account for this.

Figure 7 shows participants’ intention and responsibility judgments grouped by trial
type. As predicted, responsibility judgments to both agents were credibly affected by trial
type, condition, and their interaction (Table 3). Participants held RED more responsible
and BLUE less responsible in the with prior condition (RED: 72.7 on a scale of 0-100, 95%
confidence interval (CI): [70.0, 75.2]; BLUE: 49.9, CI [46.6, 53.2]) compared to the no prior
condition (RED: 44.0, CI [40.7, 47.4]; BLUE: 59.5, CI [56.2, 62.7]). RED was blamed more
for failing when there was evidence that it had previously succeeded with BLUE’s help or
previously been hindered by BLUE in the same manner. These differences between conditions
were more pronounced in hindering trials than in helping trials. Participants also generally
held BLUE less responsible in helping trials (29.5, CI [26.6, 32.3]) than in hindering trials
(79.7, CI [77.3, 82.1]), and conversely held RED more responsible in helping trials (75.7, CI
[73.2, 78.1]) than in hindering trials (42.0, CI [39.1, 45.2]).

We modeled inferences about BLUE’s intentions in the second round of each trial by
either starting with uniform priors (no prior condition), or using posteriors from the first
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Figure 8. Responsibility model predictions in Experiment 3. Participants’ mean
responsibility judgments for BLUE (left) and RED (right) compared to model predictions.
The model for BLUE combines participants’ inferences about BLUE’s intentions and counter-
factual model predictions about what would have if BLUE hadn’t been there. The model for
RED predicts responsibility based on what would have happened if RED had held different
prior beliefs about BLUE’s intentions. Error bars are bootstrapped 95% confidence intervals,
RMSE = root mean squared error, and » = Pearson correlation coefficient.

round as priors (with prior condition). The intention model captures participants’ inten-
tion judgments well (Pearson r = 0.88, RMSE = 23.47). Intention judgments together with
counterfactual model predictions about how likely RED would have succeeded without BLUE
explain responsibility judgments for BLUE well (Figure 8), consistent with the results from
Experiment 1 and 2. The posteriors on both the intention (M = 0.61, 95% credible interval
(CrI) [0.57, 0.65]) and counterfactual (M = 0.16, CrI [0.12, 0.20]) predictors were positive
and credible. One puzzling result is the pattern of intention judgments for hindering trials
in the with prior condition. Surprisingly, participants were more divided in their inferences
about BLUE’s intentions after seeing their actions twice. Nonetheless, the intention infer-
ences translated into responsibility judgments in the expected direction. The more likely
a participant inferred that BLUE intended to help, the less responsible they held BLUE for
RED’s failure to reach the goal (r = —0.77).

We next modeled responsibility judgments for RED. RED’s intentions to reach the star
are unambiguous, so we focused exclusively on the counterfactual component. Specifically,
we considered whether RED would have succeeded if it had held different initial beliefs about
BLUE’s intentions. For the no prior condition, we simulated a sophisticated RED agent in the
second round with uniform priors. This agent assigns the same initial probability to BLUE
being a hinderer or a helper. For the with prior condition, we simulated a sophisticated
RED initialized with posterior beliefs about BLUE’s intentions from the first round, capturing
the beliefs we expect a rational agent should have formed. We fit a softmax parameter
controlling how quickly RED updates its beliefs at each timestep (

) : , ). We predicted that RED would
be held more responsible for the failure in the second round to the extent that RED would
have succeeded if it had properly updated its beliefs. Counterfactual model predictions
were then fit to participants’ responsibility judgments via a Bayesian mixed effects model.
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This model also performed well at capturing responsibility (Figure 8) and the posterior on
the counterfactual predictor was positive and credible (M = 0.74, Crl [0.66, 0.81]).

Together, the results of Experiment 3 demonstrate that responsibility judgments can
be sensitive to an agent’s prior beliefs about another agent’s social intentions, and that
counterfactual contrasts provide a flexible mechanism for capturing responsibility not only
to agents who act on others (e.g. BLUE), but also to those who are acted upon (e.g. RED).
We applied a similar formalism to model responsibility for BLUE and RED while implement-
ing different relevant counterfactual scenarios. Participants’ judgments about BLUE were
consistent with Experiments 1 and 2, while participants held RED more responsible when
they saw evidence that RED failed to anticipate BLUE’s helping or hindering actions. These
findings echo the folk intuition captured in expressions such as “fool me once, shame on
you; fool me twice, shame on me”.

General discussion

When we explain and predict others’ behavior, we naturally do so by postulating
mental states such as beliefs and intentions ( , ; , ,
). We know that others are motivated not only by physical or material goals, such as
acquiring an object, but also by social goals, like helping or hindering someone else. Such so-
cial behavior can be understood as rational actions that value another agent’s utility as part
of one’s own ( , : : , ). Even children
might conceptualize helping and hindering in thls way ( , ;

, ). Here, we argue that while intention inferences are critical for understanding
helping and hindering, they are not enough. Intending to help (or hinder) is different from
actually helping (or hindering). Judging whether someone actually helped (or hindered)
requires understanding what difference the agent’s actions made by simulating what would
have happened in relevant counterfactual scenarios.

We found support for the critical role that counterfactual simulations play across three
experiments. Responsibility judgments in social interactions rely on both inferences about
an agent’s intentions towards the other agent, and assessments of how much of a difference
the agent made to the outcome. We presented a computational model of responsibility that
combines inverse planning to infer intentions, and counterfactual simulation to determine
causal role. Our findings are consistent with prior work showing the influence of both
mental state inferences and causal attributions on responsibility judgments ( , ;

) ) ) ) ) ) ) )
, ). However, they go further by formally instantiating both components as
computations over a shared underlying representation.

The responsibility model extends prior work in three important ways. First,
demonstrate that counterfactual reasoning, which has been shown to underlie people’s causal
judgments in physical domains ( , ; , ;

, ), plays a critical role in how people assign responsibility for social interactions.
The model presented here anchors counterfactual simulations in an intuitive theory of mind
that includes explicit representations of mental states, as well as a causal understanding of
how those mental states drive actions ( , ; , , ).

Second, the model captures agents interacting with varying levels of theory of mind.
These range from simply optimizing another agent’s physical goals ( , ),
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to recursively optimizing each other’s nested social and physical goals (Tejwani et al., 2021,
2022), and presentational goals independent of actual social goals (Btesh et al., 2025).
Sophisticated agents generate rich social behaviors such as anticipating another agent’s
helping or hindering, or deceptively planning to hinder an agent by appearing to help them
(Oey et al., 2023; Tan, Jara-Ettinger, & Berke, 2024). People hold sophisticated agents
responsible for causally influencing another agent’s beliefs (Experiment 2) and acting on
mistaken beliefs (Experiment 3).

Finally, the model flexibly captures responsibility judgments to different social roles
using different counterfactual contrasts. Responsibility for BLUE is captured well by con-
sidering their intentions and the counterfactual scenario in which they hadn’t been there.
In contrast, responsibility for RED is captured by considering how RED would have acted if
they had formed different beliefs about BLUE’s intentions. This relates to distinctions in how
responsibility is attributed to perpetrators versus victims (Cramer et al., 2013; Goniiltas,
Richardson, & Mulvey, 2021; Gray & Wegner, 2009; Gray, Young, & Waytz, 20 12) Victim
blaming often arises from considering how the victim (rather than the perpetrator) could
have acted differently (Branscombe et al., 1996; Goniiltas et al., 2021; Gray & Wegner, 2009;
Niemi, Hartshorne, Gerstenberg, Stanley, & Young, 2020), especially when their experiences
are perceived to be the consequences of their own actions (Dalbert, 2009; Krulewitz & Nash,
1979; Niemi & Young, 2016). More broadly, people tend to be blamed more when they could
have foreseen or prevented a negative outcome from happening (Lagnado & Channon, 2008;
Malle et al., 20141). We show how this attribution may arise from thinking about particular
counterfactual contrasts over a person’s mental states.

Limitations and extensions

A key open question raised by this work is how people select and construe the relevant
counterfactual contrasts in the first place. We modeled BLUE’s causal role by considering
what would have happened if it hadn’t been there, and RED’s causal role by considering
what would have happened if it had held different prior beliefs about BLUE’s intentions.
But many other counterfactual situations could be considered instead. People can imagine
that someone could have had different traits (Brockbank, Yang, Govil, Fan, & Gerstenberg,
2024), or been replaced by someone else — another person in the same role (\Wu & Gersten-
berg, 2024), a “reasonable” person (Green, 1968; Shaver, 1985), or even themselves (Alicke,
Dunning, & Krueger, 2005; Goldman, 2006). Because different counterfactual contrasts
can yield different causal judgments (Hart & Honoré, 1959; Menzies, 2004; Schaffer; 2005),
understanding how people select the most relevant one is a key avenue for future Work.

Normative expectations shape how people select counterfactuals. Often, alternatives
to abnormal events come to mind more easily than to normal ones (Halpern & Hitcheock,
2015; Hilton & Slugoski, 1986; Hitchcock & Knobe, 2009; Kahneman & Miller, 1986; Kah-
neman & Tversky, 1982; Kominsky & Phillips, 2019; Macrae et al., 1993; Petrocelli et al.,
2011; Phillips, Luguri, & Knobe, 2015; but see Gerstenberg & Ic anl, 2020; Icard, Kominsky,
& Knobe, 2017; Kominsky, Phillips, Gerstenberg, Lagnado, & Knobe, 2015). Thus, differing
expectations about how an agent should have acted in a situation can lead to variation in
responsibility judgments (Gerstenberg et al., 2018). Our paradigm provides a rich testbed
for probing the role of different counterfactual tests for how people assign responsibility
(Gerstenberg, 2024).
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Finally, different counterfactual contrasts also reveal different ways of making a dif-
ference. People are sensitive to the dynamics of how events unfold ( , ; ,

; see also , ; , ). For example, in scenario 4 in Figure 5, RED
could still have succeeded Wlthout BLUE by taking a slightly different path around the box.
BLUE didn’t make a difference to whether RED succeeded, but did affect how RED succeeded.
Responsibility may be sensitive to these finer-grained aspects of causation. Intentions, for
instance, may reflect the stability of a cause across varying background conditions (

, ). An agent who deliberately planned to bring about an out-
come would likely still have done so under different circumstances, whereas an agent who
accidentally caused the same outcome might not have ( , ;

, ; , ). Our framework provides a starting point for
implementing and testing different aspects of causation in a social domain.

Conclusion

We present a computational framework for modeling responsibility judgments that
combines two cognitive processes: mental state inference and causal attribution. By embed-
ding these mechanisms in a formal model of rational planning, we explain how people make
responsibility judgments through inferring others’ intentions and evaluating their causal
roles by simulating what would have happened in relevant counterfactual scenarios. Our
model accounts for patterns of human judgment across a range of social interactions where
one agent helps or hinders another. It also opens new avenues for investigating how people
construe different counterfactual contrasts and aspects of causation in social contexts. To-
gether, these contributions move us closer to understanding the computational principles
underlying people’s evaluations of others’ social acts.

Methods

All experiments were approved by the Stanford Institutional Review Board and pre-
registered on the Open Science Framework. All participants were recruited through Prolific
and compensated at a rate of $12/hour for completing a study. At the beginning of each
experiment, participants gave informed consent, and at the end of each experiment they
optionally shared demographic information and comments about what factors influenced
their responses. All experiment materials and links to preregistrations are available at
https://github.com/cicl-stanford/helping_hindering.

Experiment 1

Participants. We recruited 200 participants (age: M = 37, SD = 12; gender: 97
female, 93 male, 9 non-binary, 1 undisclosed; race: 147 White, 19 Black/African Amer-
ican, 22 Asian, 3 American Indian/Alaska Native, 1 Native Hawaiian/Pacific Islander, 3
Multiracial, 5 undisclosed). They were assigned to the intention, counterfactual, effort, or
responsibility conditions with n = 50 in each.
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Design. We designed 30 trials by manipulating three factors: BLUE’s intention,
the actual outcome, and the counterfactual outcome (see Supplementary Information for
details). We manipulated scenarios such that the model’s posterior on BLUE’s intention
XeLue Was relatively certain that BLUE helped, relatively certain that BLUE hindered, or
ambiguous. RED’s actual outcome was either a success or a fail, and RED’s outcome in
the relevant counterfactual situation would have either been a success, a failure, or close
(defined as succeeding with exactly zero time steps left). For example, scenario 1 in Figure 3
shows a trial in which BLUE intended to help, the actual outcome was a success, and the
counterfactual outcome would have been a fail.

Procedure. Participants were guided through instructions with an example trial
and then answered four comprehension questions. They had to answer all four questions
correctly in order to proceed to the main task. Otherwise, they were redirected to the
beginning of the instructions. During the main task, they saw 30 trials featuring a new RED
and BLUE agent each time in a randomized order.

On each trial, participants clicked through a step-by-step animation and then an-
swered a question about what happened using a continuous slider response scale. In the
intention condition, participants were asked “What was BLUE intending to do?” with the
slider ranging from “definitely hinder RED” (0) to “unsure” at the midpoint (50) to “defi-
nitely help RED” (100). In the counterfactual condition, participants were asked how much
they agreed with the statement that “RED [would have / would still have] succeeded if BLUE
hadn’t been there,” with the slider endpoints labeled “not at all” (0) and “very much” (100).
We used “would have” if the actual outcome was a fail and “would still have” if it was a
success. In the effort condition, participants were asked “How much effort did BLUE ex-
ert?” with the slider ranging from “very little” (0) to “very much” (100). Finally, in
the responsibility condition, participants were asked “How responsible was BLUE for RED’s
[success/fail]?” with the slider ranging from “not at all” (0) to “very much” (100). The
experiment took an average of 13.4 minutes (SD = 6.1) to complete.

Experiment 2

Participants. We recruited 150 participants (age: M = 38, SD = 12; gender: 78
female, 64 male, 4 non-binary, 4 undisclosed; race: 102 White, 20 Black/African American,
14 Asian, 1 American Indian/Alaska Native, 7 Multiracial, 6 undisclosed). They were
assigned to the responsibility, counterfactual, or intention condition with n = 50 in each.

Design. We designed 24 trials by manipulating three factors: BLUE’s intention,
the actual outcome, and the counterfactual outcome (see Supplementary information for
details). BLUE’s intention was to either help (xgLue > 0, pgrue > 0), hinder (xgLue < 0,
perve < 0), or “fake help” (xpLue < 0, psLug > 0). The actual outcome was either a success
or fail, and the counterfactual outcome was either a success, a fail, or a close. For example,
scenario 1 in Figure 5 shows a trial in which BLUE had intentions to fake help, and RED
failed but would have succeeded without BLUE.

Procedure. The procedure was identical to that of Experiment 1. In each trial,
participants were asked to make judgments about how responsible BLUE was for the out-
come, how much they agreed that RED would have succeeded if BLUE hadn’t been there, or
what BLUE was intending to do, depending on the condition. On average, the experiment
took 13.5 minutes (SD = 5.4) to complete.
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Experiment 3

Participants. We recruited 100 participants (age: M = 37, SD = 13; gender: 48
female, 50 male, 2 undisclosed; race: 68 White, 16 Black/African American, 9 Asian, 4
Multiracial, 3 undisclosed). They were assigned to the with prior or no prior conditions
with n = 50 in each.

Design. We designed two types of trials: BLUE was either a helper or a hinderer.
Importantly, BLUE’s intentions were consistent and it always took the same actions in both
rounds. In helping trials, RED succeeded in the first round, but failed in the second round
after seemingly ignoring BLUE’s help. For instance, in the helping example in Figure 7,
BLUE pulled a box out of RED’s way in both rounds but in round B RED attempted to take
a different path to the goal and failed. In hindering trials, the two rounds were effectively
identical. In the hindering example in Figure 7, BLUE pushed a box into RED’s way in
round A, forcing RED to backtrack and fail. In round B, RED failed again in the exact same
manner. We designed six trials of each type for a total of 12 trials.

Procedure. The procedure was similar to Experiments 1 and 2. After correctly
answering comprehension questions following the instructions, participants were shown 12
different trials in a randomized order. In the with prior condition, each trial consisted of two
rounds of the agents interacting (see Figure 1). Participants clicked through a step-by-step
animation of the first round and were then asked “Now that you have seen this trial, what
do you think RED should do in Round 2?”. They responded on a continuous slider from
“do the same thing” (0) to “try something different” (100). Then, they clicked through the
second round and were asked three new questions. The first question read, "Now that you
have seen this trial, do you think BLUE is a hinderer or a helper?” with a response slider
ranging from “definitely a hinderer” (0) to “unsure” at the midpoint (50) to “definitely a
helper” (100). The second question read "How responsible was BLUE for the [success/fail]
in this round?”, with the slider ranging from “not at all” (0) to “very much” (100). The
third question was the same as the second, but asked about responsibility for RED instead.
Participants had access to their response from the first round and video replays of both
rounds.

The no prior condition was similar except that each trial only featured the second
round of each pair of agents, along with the same three questions about BLUE’s intentions
and responsibility for both agents. The experiment took an average of 17.9 minutes (SD =
9.5) to complete.
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Supplementary information
Modeling details

Fach state s in our deterministic environment is a function of the locations of the
RED and BLUE agents, the locations of all boxes, whether the BLUE agent is holding a box,
whether the BLUE agent has already moved the box, whose turn it is, and the number of
timesteps remaining. Both agents incur a constant cost c(a) for each action taken at each
timestep.

Naive RED planning. The naive RED agent has level £ = 0 and gets a small prox-
imity reward rrep at each timestep that is a function of its shortest navigable distance from
the goal, ignoring all boxes. The closer it is to the goal, the higher this reward. RED also
gets a large terminal reward rl., when the episode ends, either because it reaches the goal
or because time runs out. If RED has not reached the goal by time T, then its terminal
reward also depends on its distance from the goal. This reward structure encourages RED
to get as close to the goal as possible, as soon as possible, even when a box makes the goal
technically impossible to reach. Together, the reward function is

RgED(Sa arep) = Trep (S, grep) + T;{ED(Sy grep) — ¢(Arep)- (6)

Note that this does not depend on BLUE’s actions or goals, so the MDP MY reduces to a
ordinary MDP. That is, the naive RED computes the Q-function

0 0 1 0 1 1
RED(St? a‘tRED) = Rppp (Stv a‘f{ED) + Z T(St7 ailED’ st ) riﬁf Qrep (SH_ 7a€1—£1)) (7)
st+1 RED

according to the Bellman Optimality Equation. RED then forms an optimal policy by
selecting the highest Q-valued action in each state, i.e. 70, (s) = argmax, Q% (s, a).
Naive BLUE planning. The naive BLUE agent has level £ = 1 since it reasons about

a naive RED at £ = 0. It gets a social reward based on an estimate of RED’s reward:

RéLUE (5> ABLUE) XBLUE) = XBLUE * Rgm (57 aR.ED) - c(aBLUE)~ (8)

The sign and magnitude of yp yr dictate BLUE’s behavior towards RED. When ygpug is
positive, BLUE attempts to maximize RED’s reward by engaging in helping behavior, such
as pulling aside a box to enable RED to get closer to the goal (as this increases its own
reward). When ypLug iS negative, BLUE tries to minimize RED’s reward. BLUE computes the
Q-function:

Q113LUE (37 ABLUE, XBLUE) = RéLUE (37 ABLUE, XBLUE) + ’YVBlLUE (3/7 XBLUE) (9)

where the value function is given by

VBlLUE (SI>XBLUE) = ZP(QRED | 5/) max Q]13LUE (S”’a];LUIm XBLUE)- (10)
—————

a
QArED BLUE

Equation 3

This is the standard Bellman Optimality Equation adapted to account for turn-taking.
BLUE’s action ap up brings the state to s/, then RED’s action appp brings the state to s”,
from which BLUE considers its next action al,; .. BLUE predicts RED’s possible actions by
solving MY, to obtain an estimate of Q% , and then assumes that RED selects from a
softmax of this function (Equation 3).
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Sophisticated RED planning. The sophisticated RED at level £ = 2 has the same
reward function as the naive RED. The difference between the agents is that the sophisticated
RED additionally models the naive BLUE’s policy when computing its Q-function:

QE{ED (57 aRED) = R?{ED (57 aRED) + ’VVR2ED (S/)- (11)

Suppose that at the previous state s~!, BLUE took action ag;}, to get to the current state
s. Then, the value function is computed as an expectation over estimates of BLUE’s actual
social goal and BLUE’s next possible action given those estimates:

VR2ED (3/) = Z p<XBLUE ’ 3717 angUE) Z p<aBLUE | 3,7 iBLUE) r(?,ax Qf{ED (SH?CL;{ED)' (12)

RED

ABLUE

XBLUE Equation 3 Equation 2

RED has two softmax inverse temperature parameters that independently control the un-
certainty in these estimates.

Sophisticated BLUE planning. The sophisticated BLUE agent’s reward function is
similar to the naive BLUE, but additionally includes a presentational social reward based on
an estimate of RED’s belief about BLUE’s social goal.

RgLUE(Sa aBLUE, XBLUE, PBLUE) = (13)

XBLUE * EE{ED(87 aRED) + XIBDLUE 'p(iltBLL‘E = Sign(pBLUE)) - C(QBLUE)'

Here, p(X%.us = peLue) is the sophisticated BLUE’s estimate of the sophisticated RED’s belief
that BLUE’s (who it assumes to be naive) social goal is equal to its presentational goal.
For example, if pgpur is positive, then BLUE attempts to appear helpful by maximizing the
likelihood that RED thinks its social goal YgLug is positive, regardless of what its true social
goal xpLug is. The sophisticated BLUE’s QQ and V functions are similar to the naive BLUE
(Equations 9 and 10), but reason over a sophisticated RED.

Parameters. Both agents can move up, down, left, or right, or stay in place. All
agents incur a fixed cost of 1 on each timestep. BLUE can additionally pick up, push, pull,
or put down boxes, and incurs an additional cost for picking up boxes (+1 in Experiment 1,
and +0.5 in Experiments 2 and 3). RED cannot take any actions involving boxes. We set
RED’s proximity reward function rggp = 0.5-0.9%%:9%0) to decay exponentially as a function
of d(s, grep), the shortest navigable distance from RED’s location in state s to the goal,
ignoring all boxes. RED’s terminal reward function ri, = 20 -0.9%%90) follows a similar
exponential shape.

We solved for each agent’s Q and V functions using model-based planning. For all
experiments, we used ygLug = 1 for BLUE’s actual social goal, which scales an estimate
of RED’s reward, and ppLyg = +13 for the sophisticated BLUE’s presentational social goal,
which scales an estimate of the sophisticated RED’s belief about BLUE’s actual social goal (a
value between 0 and 1). All agents besides the naive RED used a softmax inverse tempera-
ture of § = 3 in estimating lower-leveled agents’ policies from their estimated Q functions
(Equation 3). The sophisticated RED and BLUE agents used an inverse temperature of
B = 0.5 in updating intention beliefs in Experiment 2 (Equation 2).

For predicting intention inferences, the model used a softmax inverse temperature of
B = 1.8 in Experiment 1, 8 = 1.2 in Experiment 2, and 5 = 1.0 in Experiment 3. These
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values were fit by minimizing the squared error between model predictions and mean judg-
ments. For predicting causal attributions, we ran 1000 counterfactual simulations for each
trial in all experiments. All simulations used a probability of following the observed history
Prollow = 0.1 on each timestep, and an inverse temperature of 5 = 2.3 in Experiment 1 and
6 = 1.2 in Experiments 2 and 3 to capture uncertainty in agents’ policies. In Experiment 3,
the sophisticated RED agent used S = 0.01 for updating beliefs about BLUE’s intentions.
These values were again fit by minimizing the squared error between model predictions and
mean judgments.

Data analysis. When fitting intention and counterfactual judgments to predict re-
sponsibility, we re-coded values to account for the outcome. Recall that the model considers
how likely the counterfactual outcome would have been different from the actual outcome.
If the actual outcome was a success, then we flipped counterfactual judgments (subtracted
from 100) to represent how likely RED would have failed had BLUE not been there. We kept
the raw intention judgments because the model predicts that the more clear it was that
BLUE was helping, the more responsible BLUE is for the success. If the actual outcome was
a fail, then we kept the raw counterfactual judgments because they correctly express how
likely participants thought the outcome would have been different. We flipped intention
inferences to indicate how congruent the intention was with intending failure, i.e. the more
clear it was that BLUE was hindering, the more responsible it is for the fail. All mixed effects
models reported in this paper were written in Stan ( , ) and specified
with the brms package ( , )in R ( , ).

Experiment 1 additional information

All experiments in this paper were programmed in jsPsych (
, ). Participants were required to answer the following comprehension
questions correctly before moving on to the test trials.

1. True or False: The goal of both players is to reach the star first.
Correct answer: False

2. Which of the following is possible in [sample scenario]? (A) RED can walk around the
box. (B) RED can push the box out of the way. (C) BLUE can pull the box out of
RED’s way.

Correct answer: C only

3. True or False: BLUE can either help or hinder RED using the boxes.
Correct answer: True

4. Which of the following can pass through each other in the same grid? (A) RED and a
box. (B) RED and BLUE. (C) BLUE and a box.
Correct answer: B only

The trials covered ten different combinations of BLUE’s intentions, the actual outcome, and
the counterfactual outcome:

 hindering intention, actual success, counterfactual success
e hindering intention, actual fail, counterfactual success
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e hindering intention, actual fail, counterfactual close

e hindering intention, actual fail, counterfactual fail

e unsure intention, actual success, counterfactual success
e unsure intention, actual fail, counterfactual fail

e helping intention, actual success, counterfactual success
e helping intention, actual success, counterfactual close

e helping intention, actual success, counterfactual fail

e helping intention, actual fail, counterfactual fail

We designed three trials for each combination for a total of 30 trials. See Figure 9 for results
for all trials.

Experiment 2 additional information

The comprehension questions were identical to those in Experiment 1. The trials
covered 12 different combinations of BLUE’s intentions, the actual outcome, and the coun-
terfactual outcome:

e helping intention, actual success, counterfactual success

e helping intention, actual success, counterfactual close

e helping intention, actual success, counterfactual fail

e helping intention, actual fail, counterfactual fail

« hindering intention, actual success, counterfactual success
e hindering intention, actual fail, counterfactual success

o hindering intention, actual fail, counterfactual close

e hindering intention, actual fail, counterfactual fail

o fake helping intention, actual success, counterfactual success
o fake helping intention, actual fail, counterfactual success
o fake helping intention, actual fail, counterfactual close

o fake helping intention, actual fail, counterfactual fail

A“fake helping” intention is defined as having a social goal of hindering and a presentational
goal of appearing helpful. A counterfactual close outcome is a counterfactual success with
exactly zero timesteps left. We designed two trials for each combination for a total of 24
trials.

See Figure 10 for results for all trials.

Experiment 3 additional information

The comprehension questions were identical to those in Experiment 1. In the with
prior condition, we added an additional comprehension question:
5. True or False: RED and BLUE will play two rounds of the game.
Correct answer: True

We designed 6 helping trials, where BLUE helped RED in both rounds but RED took alter-
native paths in the second round, and 6 hindering trials, where BLUE hindered RED in both
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rounds. For participants in the with prior condition, judgments after the first round about
what RED should do next on a scale from “do the same thing” (0) to “try something differ-
ent” (100) were significantly lower in helping trials (M = 9.6, SD = 19.8) than in hindering
trials (M = 90.2,SD = 19.6), ¢(597.96) = —50.2, p < 0.001. This suggests that participants
did form strong expectations about how RED should have acted in the second round. See
Figure 11 for intention and responsibility judgments for all trials.
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Figure 9. Results on all trials in Experiment 1. Participants’ judgments separated
by condition (counterfactual, intention, effort, and responsibility) on all trials from Exper-
iment 1. Bars show mean ratings, error bars are bootstrapped 95% confidence intervals,
large points show model predictions, and small points are individual judgments.
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Figure 10. Results on all trials in Experiment 2. Participants’ judgments separated
by condition (counterfactual, intention, and responsibility) on all trials from Experiment 2.
Bars show mean ratings, error bars are bootstrapped 95% confidence intervals, large points
show model predictions, and small points are individual judgments.
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Figure 11. Results on all trials in Experiment 3. Participants’ judgments (intention,
responsibility for BLUE, and responsibility for RED) on all trials from Experiment 3, grouped
by condition (no prior or with prior). Trials 1-6 are hindering trials, and 7-12 are helping
trials. Bars show mean ratings, error bars are bootstrapped 95% confidence intervals, and
small points show individual judgments.



	Introduction
	Computational model
	Planning
	Intention inference
	Causal attribution
	Responsibility from intention inference and causal attribution
	Alternative models

	Results
	Experiment 1: Naive agents
	Experiment 2: Sophisticated agents
	Experiment 3: Hinder me once, blame on you; hinder me twice, blame on me

	General discussion
	Limitations and extensions

	Conclusion
	Methods
	Experiment 1
	Participants
	Design
	Procedure

	Experiment 2
	Participants
	Design
	Procedure

	Experiment 3
	Participants
	Design
	Procedure


	References
	Supplementary information
	Modeling details
	Naive red planning
	Naive blue planning
	Sophisticated red planning
	Sophisticated blue planning
	Parameters
	Data analysis

	Experiment 1 additional information
	Experiment 2 additional information
	Experiment 3 additional information


